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JK CTPYKTYPHUX MiIPO3MTIB IHCTHTYTY, CIHCOK
myOmiKamii 'y pedepoBaHUX JKypHAJIaX, IEPENTiK
JIOTIOBiIeH CIIBPOOITHUKIB IHCTUTYTY Ha MiXKHApO/I-
HUX KOH(QEpeHUisX, HagaeTbcs iHQOpMAamis mpo
KoH(epeHIlii, Hapaad, NPOBENEHI IHCTUTYTOM ¥
2013 p., gaHi MPO MIXHAPOAHE CIiBPOOITHUIITBO
THCTUTYTY.
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Introduction

Within the year 2013 the Institute for Nuclear
Research continued scientific investigations on the
fundamental and applied aspects of nuclear physics,
atomic energy, radiation physics and radiation mate-
rial science, plasma physics, radiation ecology and
biology.

The works on nuclear physics were concerned
with the problems of nuclear structure and nuclear
reactions. In particular, the formal definition of the
scission point — the elongation, at which the fission-
ing nucleus splits into two parts — was formulated;
the single y-spectra and the coincidence spectra of
v- and Ky-rays in the decay of '°Sb were measured;
the inelastic process with the yield of protons and
deuterons dd-collisions at the deuterons energy Es=
36,9 MeV were investigated on the U-240 cyclotron;
the angular distributions of elastic and inelastic scat-
tering of ions "*N ta "N and the transfer reactions
on the light nuclei °Li, 'Li, *Be, '°B, ''B, '*C, "°C at
energy 81 - 88 MeV were measured; from the analy-
sis of the data on proton-proton collisions in LHCb
experiment at the proton energy 7 and 8 TeV the
frequencies of B-mesons with different quark struc-
ture were found; the new restrictions of the order of
10°-10*" years on the decay half-lives of “°Ru,
MRy, '%Cd, "™0s, ?0s relatively to double beta
decay were established.

The safe exploitation of the research reactor
WWR-M up to 2024 was validated. The influence of
reciprocal effects on the properties and stability of
the nuclear fission traveling wave was investigated.

In the field of radiation physics and radiation ma-
terial science the problem of evolution of the mo-
mentum formed by indirect excitons in condensed
phase in semiconducting quantum well under the
gap in metallic electrode was solved. The role of
electron screening in the excitation of nuclei by elec-
trons in hot plasma was examined. The duration of
safe exploitation of the hull of unit No 1 of Zapo-
rozhe NPP was estimated to be 59 years.

In the field of controlled fusion and plasma phys-
ics new equations describing the geodesic acoustic
mode in plasmas with injected energetic ions and
high pressure were derived and analyzed;
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it was found that the horizontal polarization of plas-
ma during electro-cyclotron resonance heating can
suppress the so-called “Alfven cascades”; the tem-
perature of the base heated by the plasma of high
frequency discharges with regulated magnetic fields
in some gases and their mixtures was investigated;
the new type of high-frequency discharge excited by
the linear inductive aerial constructed in the form of
two-conducted line perpendicular to magnetic field
was examined.

In the field of radioecology and biology a me-
thod to determine the irradiation dose of blood cells
by measuring the amount of radionuclides in blood
circulation with account of the geometric and kinetic
properties of the separate blood cells was developed.
The model for the investigations of cytogenic effects
in lymphocytes of peripheral human blood induced
by radio nuclides in vitro was developed.

In 2013 the institute has gotten the mobile labora-
tory for the expertise of nuclear and other radioac-
tive materials. The laboratory is equipped with
modern radio-metric, dose-metric, alpha- and
gamma- dosimetric equipment, automatic system of
the air pumping for the determination of the con-
tamination of the air by radioactive aerosols, sys-
tems of analysis of water and soil.

In 2013 the scientists of the institute have de-
fended one candidate dissertation on the specialty
physics of atomic nuclei and elementary particles.
Another candidate dissertation was approved for
defense. One monograph was prepared and pub-
lished.

During the year the institute held the annual sci-
entific conference of the institute, the 11th Ukrainian
Conference on Control and Accounting of Nuclear
Material (MPC&A), September 10 — 12, Neteshin
(Khmelnytska NPP) and the 3™ International work-
shop on Radiopure Scintillators, Kyiv, September 17
— 20, the Ukrainian Conference on Plasma Physics
and Controlled Fusion, Kyiv, September 24-25.

More details on the most important results ob-
tained in the institute during 2013 are given in the
Annual report below. I believe that the readers will
find there the interesting and useful information.

I. M. Vishnevsky

The full text of Annual report-2013 is available at http://www kinr.kiev.ua/Annual report/reportl3.pdf
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DEPARTMENTS

SnepHo-@isuuHi yctaHoeku / Experimental installations

uxnorpon Y-120
3aBimyBayd — KaH[l. (i3.-MaT. HayK,
A.€. bop3akoBcbkuit
Hocainnnubkuii peaktop BBP-M
I'onmoBnwMit imkerep B.M. MakapoBChKHiA
I30xponHuii HUKJIOTPOH Y-240
3aBinyBay — kaHq. (i3.-MaT. HayK,
O.€. Banbkos
EnexkTpocTaTuuHnii nepe3apsaaHuii
npuckoproBay (tangaem) EI'TI-10K
3aBimyBad — nokTop ¢i3.-mar. Hayk, B.B. Ocramiko

Cyclotron U-120
Head - Candidate of Phys.-math. Sciences
A.E. Borsakovsky

Research Reactor WWR-M
Chief engineer - V.M. Makarovsky

Isochronous Cyclotron U-240
Head - Candidate of Phys.-math. Sciences
O.E. Valkov

10 MV Electrostatic Tandem Accelerator
Head - Doctor of Phys.-math. Sciences
V.V. Ostashko

Bianinu ta nabopartopii / Departments and laboratories
Cexuia apepHol @isuku / Nuclear physics section

Binmia Teopii sapa
3aBigyBad — TOKTOp ¢i3.-MaT. HayK, wieH-kop. HAH
Ykpainu, npodecop B.M. Konomienp

Binain sinepuoi ¢izuxn
3aBigyBau — KaHAWIAT TEXH. HAYK,
c. H. c. M.®. Konomiens

Binain sagepHoi cnekTpockomii
3aBigyBad - TOKTOp (i3.- MaT.HAYK,
c.H. c. B.T. Kynpsamkin

Bingin cTpykrypu siapa
3aBigyBad — TOKTOp (pi3.-MaT. HayK, akageMmik HAH
VYxpainu, npodecop I.M. Buminescrkuii

Binpin anepanx peakunii
3aBimyBad — noKTOp (i3.-MaT. HAYK,
c. H. ¢. FO.M. IlaBnenko

Binain ¢izuku JenToHiB
3aBigyBad — TOKTOp (i3.-MaT. HayK,
c. H. ¢. @.A. JlaneBuu

Binain ¢izuku Ba:xKkux ioHiB
3aBimyBad — MOKTOp (i3.-MaT. HAYK,
npodecop A.T. Pymunk

Binain sinepHo-aTOMHHX npoiieciB
3aBimyBad —10KTOp (i3.-MaT. HayK,
mpodecop O.1. JIeron

Binnin ¢izukm BucokuX eHepriii
3aBigyBad — MOKTOp (pi3.-Mar. HAyK,
npodecop B.M. Ilyraua

Binain sanepHoi enekTpoHiku Ta 3ac00iB aBTO-
MaTu3amii. 3aBigyBay — JOKTOp TEXH. HayK,
c. H. c. A.II. Boiitep

Bingin yacoBoro anamizy sijaepHux
npouecis. 3aBigyBau — TOKTOp (i3.-MaT. HAyK,
npodecop B.C. OnpxoBChKHit

JladopaTopisi Teopii AaepHUX B3aEMogiii Ta
npouecis. 3aBigyBad — JOKTOp (i3.-MaT. HayK,
c. 1. ¢. B.IO. [lenucosn
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Nuclear Theory Department
Head — Corresponding Member of National Aca-
demy of Sciences of Ukraine, Prof. V.M. Kolomietz

Department of Nuclear Physics
Head — Camdidate of Techn. Sciences
M. F. Kolomietz

Nuclear Spectroscopy Department
Head - Doctor of Phys.-math. Sciences
V.T.Kupryashkin

Nuclear Structure Department
Head — Member of National Academy of Sciences
of Ukraine, Prof. I.M. Vishnevsky

Department of Nuclear Reactions
Head — Doctor of Phys.-math. Sciences
Yu.M. Pavlenko

Lepton Physics Department
Head — Doctor of Phys.-math. Sciences
F.A. Danevich

Department of Heavy-Ion Physics
Head — Doctor of Phys.-math. Sciences,
Prof. A.T. Rudchik

Department of Nuclear-Atomic Processes
Head — Doctor of Phys.-math. Sciences,
Prof. A.I. Levon

High Energy Physics Department
Head — Doctor of Phys.-math. Sciences,
Prof. V.M. Pugatch

Nuclear Electronics and Automatic Means
Department. Head - Doctor of Techn. Sciences
A.P. Voiter

The Time Analysis of Nuclear Processes De-
partment. Head - Doctor of Phys.-math. Sciences,
Prof. V.S. Olkhovsky

Laboratory of Theory of the Nuclear Interac-
tions and Processes. Head - Doctor of Phys.-math.
Sciences, V. Yu. Denisov



DEPARTMENTS

Cexuia aTomHOi eHepreTuku / Atomic energy section

Binais Teopii apepHux peakropis
3aBimyBad — TOKTOp (pi3.-MaT. HAYK,
npodecop B.M. IlasnoBuu
Bingis qocainHUIIbKOTO AEPHOTO peaKkTopa
3aBigyBad — 1OKTOp (i3.-MaT.HAYK,
gnen-kop. HAH Yxkpaiau B.1. Cricenko
Binain HeliTpoHHoi ¢iznkn
3aBigyBay — kaH[ (i3.-Mat. HayK,
c. H. ¢. 0.0. I'punaii
Binain mpo6sem go3umetpii smepHux
peakTopiB
3aBimyBay — kaHaAUaAT (i3.-MaT. HAyK
B.M. bykaHoB
Binain pagiauiitnoi i 3araabHoi 6e3mexu
3aBigyBay — IOKTOp TEXH. HayK,
c. H. ¢. C.I. Azapos
HaBuanbHuii meHTp 3 Pi3MIHOrO 3aXHUCTY,
00J1iKy Ta KOHTPOJIIO SIIEPHOT0 MaTepiaity
3aBimyBau — kaHa. ¢i3.-MaT. HAyYK
B.I. I'aBpumtox

Department of the Nuclear Reactor Theory
Head - Doctor of Phys.-math. Sciences,
Prof. V.M. Pavlovych
Department for Nuclear Research Reactor
Head — Corresponding Member of National Acad-
emy of Sciences of Ukraine V.I. Slisenko
Neutron Physics Department
Head — Candidate of Phys.-math. Sciences
0.0. Gritzay
Department of the Nuclear Reactor Dosimetry
Problems
Head — Candidate of Phys.-math. Sciences
V.M.Bukanov
Radiation and General Protection Department
Head — Doctor of Techn. Sciences S.I.Azarov
George Kuzmycz Training Center for Physical
Protection, Control and Accounting of
Nuclear Material
Head — Candidate of Phys.-math. Sciences
V.1.Gavryliuk

Cexuia paaiauiviHoi @i3uku Ta paaiauiiHoro / Radiation physics and radiation material

MGTepiC(.ﬂOBHOBCTBC(

Bingin reoperuunoi ¢izukn
3aBigyBad — JOKTOp (i3.-MaT. HayK, WwieH-kop. HAH
Vxpaiuu, npodecop B.J. Cyrakos

Binain pagiauiiinoi ¢izukn
3aBigyBad — noKTOp (i3.-MaT. HAYK,
npogecop IL.T. JlutoBueHKO

Binain pagianilinoro marepiajio3HaBcTBa
3aBimyBau — kaHaAUAAT (Pi3.-MaT. HAyK
JLI. Yupko

science section

Department of Theoretical Physics
Head - Corresponding Member of National Aca-
demy of Sciences of Ukraine, Prof. V.I. Sugakov
Department of Radiation Physics
Head - Doctor of Phys.-math. Sciences,
Prof. P.G. Litovchenko
Department for Radiation Material Science
Head - Candidate of Phys.-math. Sciences
L.I. Chyrko

Cexuia @isvkn nnasmu / Plasma physics section

Binais Teopii anepHoro cuHTe3y
3aBimyBad — TOKTOp (pi3.-MaT. HayK,
npodecop S.1. Komecanaenko

Binain ¢izuku niazmu
3aBimyBad — kaHa. ¢i3.-Mar. HAyYK

A.T". bopuceHko

Binain ¢izuku mia3sMoBUX TeXHOJIOT it
3aBigyBay — kaH[. (i3.-MaT. HayK,

c.H.c. O.A. PenopoBuy

Fusion Theory Department
Head — Doctor of Phys.-math. Sciences,
Prof. Ya.l. Kolesnichenko
Plasma Physics Department
Head - Candidate of Phys.-math. Sciences
A.G. Borisenko
Department of physics of plasma technologies
Head - Candidate of Phys.-math. Sciences
O.A. Fedorovich

Cekuis papioexonorii Ta paaio6ionorii / Radioecology and radiobiology section

LleHTp eKoJOTiYHUX TPOOIEM
aTOMHOI €HEepPreTHKH
3aBigyBad — KaHM. ¢i3.-MaT. HayK,
c.H.c. B.B. Tpumun
Binain pagio6ioJiorii i paxioexosorii
3aBimyBad — OKT.0i0JI. HAYK,
c. H. ¢. A.L. JIunceka

Center for Ecological Problems

of Atomic Energy
Head — Candidate of Phys.-math. Sciences,
V.V. Tryshyn

Radiobiology and Radioecology Department
Head — Doctor of Biol. Sciences,
A.l. Lypska
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Abstracts of works on nuclear physics

GAMMA-RADIATION IN HOT NUCLEI

V. M. Kolomietz!, S. V. Radionov?, B. V. Reznichenko?

! Ingtitute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
2 Taras Shevchenko National University, Kyiv

In the present work, we have studied the spec-
trum of fluctuations in nuclear shape variables. The
precise form of such spectra can be expected to de-
pend on the memory effects. Here, we study this
dependency using the fluctuational y-quanta emis-
sion. The spectral distribution of such kind of fluc-
tuational radiation depends on the relaxation (dissi-
pation) properties of the collective motion, in par-
ticular, on the dynamical distortion of the Fermi sur-
face. We therefore guess that a study of the shape of
the radiation spectrum emitted from the heated nu-
cleus provides an opportunity to obtain information
on the dissipative properties and on the transition
from the low-temperature (quantum) to the high-
temperature (classical) regime in a finite many body
system like a nucleus.

We suggest a proof of the Langevin equation for
the macroscopic collective variables starting from
the collisional Landau - Vlasov kinetic equation,
including the memory effects in the collisional inte-
gral. We derive then the macroscopic equations of
motion for the collective variables a,, , of nuclear

shape variations of multipolarity L in the following
form

2 (LDM) | (~r
oMoy, + I:CL + CL(O))]G'LM o

M

_ImYL((D) = éLM 02

where m,_ is the collective mass, C{*®’ is the static
stiffness coefficient of nuclear liquid drop model
(LDM), C/(w) is the additional contribution to the
stiffness due to the Fermi-surface distortion effects,
v, (®) is the fiction coefficient which depends on
the relaxation-time parameter B and &, , is the
random force.

Using Eq. (1), we have performed the analysis of
the temperature dependence and the relaxation-time
dependence of the energy E;y; and the width '

of the giant quadrupole resonance (GQR). The result
for the A-dependency of the eigenenergy Eg in

cold nuclei is shown in Fig. 1.
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Fig. 1. The eigenenergies of the isoscalar GQR versus the
nuclear mass number A. The results are obtained with the
relaxation parameter B = 0.8 MeV. The dashed line is for
the traditional liquid drop model with C/ () =0.

We have established that the nucleus is Coulomb
unstable at some temperature T,
A-dependent. Using Eq. (1), we have also evaluated
the spectral density J, (®) of the fluctuational
y -radiation for hot nuclei. The result for A=208 is

shown in Fig. 2.

which is strongly

24

16+

JL=2° eV

hw, MeV

Fig. 2. The spectral density of the quadrupole gamma-
quanta emission for temperatures T =3 MeV <T,

(curves 1) and T =8 MeV >T, (curve 2). The dashed
line 1 is for the statistical ¥ -quanta emission.



ABSTRACTS OF WORKS

SYMMETRY ENERGY: FROM NUCLEAR MATTER TO FINITE NUCLEI

V. M. Kolomietz, A. l. Sanzhur

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

The Gibbs concept of dividing surface does not
imply any specific energy density functional and
relies on the value of the binding energy and the
chemical potentials which are measurable quantities.
It is possible to apply this concept to the phenome-
nological droplet model as well. We consider the
relation of the nuclear macroscopic characteristics
(surface and symmetry energies, Tolman length,
incompressibility, etc.) to the bulk properties of nu-
clear matter.

Assuming a small deviations from the equilib-
rium, the equation of state (EOS) for an asymmetric
nuclear matter can be written in the form of
expansion around the saturation point. One has for
the energy per particle (at zero temperature)

E(e,x)=p, +K & /18+b x" + L ex’ /3+... (1)

where e=(p—-p,)/p,, x=p_/p, p and p_ are the
isoscalar and isovector particle densities, p, is the
matter saturation (equilibrium) density p is the
chemical potential, K is the nuclear matter incom-

pressibility, b

0

is the symmetry energy coefficient,
L is the symmetry energy slope parameter (all val-

ues are taken for the saturation point €¢=0 and
x =0). Using E(g,x), one can also evaluate isoscalar

and isovector chemical potentials, 1, p_ of nuclear

matter beyond the saturation point. Similar to (1), in a
finite uncharged system having the mass number A
and the asymmetry parameter X =(N—-Z2)/ A, the

energy per particle £/ A is usually presented as
(477, X) -expansion around infinite matter using the
leptodermous approximation

E/A=a, +X°b,+ 4" (a5 + X bs)+... (2)
where a, and a are, respectively, the volume and
surface energy coefficients, b, and b, are, respec-
tively, the volume and surface symmetry coeffi-
cients. The nuclear chemical potentials A, A_ are

determined from (2). Following Gibbs-Tolman
method, one can derive the actual nuclear matter

densities p and p_from the conditions
H(E,x)= A, X), p(e,x)=2.(47",X).3)

Using (3), one can establish the relation of the
macroscopic energy coefficients in the mass formula
expansion (1) to the nuclear matter parameters in

EOS (1).
The surface tension o for the planar surface
(semi-infinite matter) reads

c, ZGO+G_X2, 4

where 6, and o_ stand for the isoscalar and isovec-
tor surface tension coefficients, respectively. The
values of 6, and o_ at the equimolar dividing sur-
face for different Skyrme parameterizations have
been determined [1]. Taking the advantage of the

large mass limit E=E/ A| and Eqgs. (1) —

X=const, A—>x©

(4)one has a, =p_, b, =b, and

a, =4nr’c,, by =4nr (G_ + ZKLOO Goj. (5)

0

Here 7, =(4np, /3)"". To describe separately the
neutron and proton density distributions we intro-
duce the neutron radius, R, , and proton radius, R,,

as the dividing radii with zero value for the corre-
sponding surface densities (see [1]). The isovector
shift of the neutron-proton radii, R, -R,, is then
written as

R,-R, = X[—;L+O(A"”3)] +O(X?).  (6)

ol oo

From (6) the value of neutron skin \/@ - \/@ is

given within the main order as

Here o is the neutron skin parameter which value
correlates with the surface-to-volume symmetry en-

3 20
5b.p.

ergy ratio rg,, = |bS / bV| due to Eq. (5), see Table.

The neutron skin parameter o
and the surface-to-volume symmetry energy ratio
for different Skyrme forces

Force SkM SkM* | Sly230b | T6 SII
a(fm) | 0.980 | 0.996 | 0.950 0.775 | 0.586
Fow 1.44 1.47 1.40 1.17 0.930

1. V.M. Kolomietz and A.L. Sanzhur, Phys. Rev. C 88,
044316 (2013).
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NUCLEAR PHYSICS

DIFFUSION APPROXIMATION TO RELAXATION ON DISTORTED FERMI SURFACE

V. M. Kolomietz, S. V. Lukyanov

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

In present work, we have used the diffusion ap-
proximation [1] to the relaxation on deformed Fermi
surface. Such kind of approximation gives a simple
result for the dependence of the relaxation time z,,
on the Fermi-surface distortin multipolarity / in the
following form

/7, :Dp(pF)/szl(Z +1), (1

where D,(pr) is the diffusion coefficient taken on the
Fermi surface and pr is the Fermi momentum.

The relation (1) can be used to adjust the
diffusion coefficient D,(pr) to the nuclear data.
Within the fluid dynamic approach (FLDA) the
relaxation time 7,,-, derives the width I'gor of the
isoscalar Giant Quadrupole Resonance (GQR) as

[>2,

_depn T

GOR —

-2/3 , (2)

mry 1+ (0,1)°

where ¢ is the Fermi energy, ry is the nuclear mean
nucleon-nucleon distance, 7 =t.,-, and wyz is the
GQR cigenfrequency.

In Figure we show the results of calculations and
the comparison with experimental data for the GQR
widths for the nuclei through the periodic table of
elements. We have here adopted ¢ = 40 MeV,
ro=1.2 fm and the experimental value of the GQR
energy hwp= 634" MeV. The relaxation time 7
in Eq. (2) was taken from Eq. (1) with D,=2.5 X
x 10! MeV>fm™s. As can be seen from Fig. 1, the
FLDA provides a quite satisfactory description of
the widths I'gor if the quadrupole distortions of the
Fermi surface are taken into consideration and the
above mentioned diffuse coefficient is used.

Another possibility for the distortion of Fermi
surface is the initial non-equilibrium particle-hole
excitations. We will restrict ourselves by a nuclear
matter which is homogeneous in r-space and assume
a spherical Fermi surface of radius pr. The diffusion
equation has been solved numericaly under the initial

ANNUAL REPORT. -2013

condition for the Wigner distribution function
fin(p,t =0) assuming the particle-hole excitation. We
have calculated the momentum dependence of the
Wigner distribution function f(p,¢) for the different

time intervals. We have assumed the initial excitation
energy E. = 30 MeV. The momentum distribution
fip,f) evolves to the Fermi-type equilibrium limit
Jeq(P). The corresponding equilibrium temperature can
be estimated as 7 = -D,/K,= 4 MeV.

12¢ Dp=25 1071 MeV*fm™s

100 150 200

A

Fig. 1. The width of the isoscalar I'gor versus the nuclear
mass number A. The results are obtained from Egs. (1) and
(2) with D(pr) =2.5 - 10%' MeV-*fim™s. The experimental

data are taken from Ref. [2].

The excitation energy FE, is related to the
equilibrium temperature 7 of the compound nucleus
as E,. = aTQ, where a is the statistical level density
parameter. For the considered case, we find
a1 A/8.5MeV™'. The obtained value of the level
density parameter a agrees with the experimental
ONe ey, L1 A/8 MeV! quite well.

1. E.M. Lifshitz and L.P. Pitaevskii, Physical Kinetics,
Pergamon Press, Oxford, 1981, Ch. 2.
2. F.E. Bertrand, Nucl. Phys. A354, 129 (1981).
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BUBBLE BOILING OF LIQUID HELIUM-3

V. M. Kolomietz

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

The boiling of a liquid means the generation and
the growth of the vapor bubbles inside the liquid. In a
classical boiling liquid, both the equilibrium condi-
tions and the dynamics of the vapor bubble of radius
R are mainly derived by the thermodynamic potential
®(R). The thermodynamic equilibrium between the
vapor bubble and the surrounding metastable liquid is
reached at the critical radius R =R~ An essential

feature of the bubble dynamics occurs in the case of a
Fermi liquid where the dynamic distortion of the
Fermi surface produces an additional pressure tensor.
The purpose of this work is to study the features of
the dynamic evolution of the bubble in a Fermi-liquid
He-3 taking into consideration the influence of the
Fermi motion in the liquid on the bubble dynamics.
The main attention is paid to the dynamic effects
related to the properties of the Fermi liquid.
Evaluating the variation of the thermodynamic
potential AD(R), its dependence on the overheating

temperature 87 was established. The final result is
shown in Fig. 1.

0010~ / .
0.008
0.006
0.004
0.002

AB(R) (keV)

0.000
-0.002
-0.004

0 20 40 60 80 100 120
R (10~%em)

Fig. 1. Dependence of the thermodynamic potential A® of
metastable liquid He-3 on the radius of the bubble. The
solid lines / and 2 are for the overheated temperatures
67 = 0.05 K and 87 = 0 .03 K, respectively. The dashed
line is for T < Ty, where T is the boiling temperature.

Considering the boiling regime, the following re-
sult for the critical radius was obtained

«_20(R,T) k,T, T,
BL 8T

01

R

10

where o(R’,T,) is the surface tension coefficient,
k, is the Boltzman constant, F, is the external pres-
sure and L, is the latent heat of evaporation attrib-
uted to one particle. It was studied the dependence
of 6(R",T,) on the curvature of the bubble surface
(Tolman effect) and on the boiling temperature 7.
It was established

* * T’Z-_T'2 '
o(R,T)=0c(R)| &—],
(R, T)=o( )(Tz +T2]

crit

where 7. =3.35°K is the critical temperature and

crit
v =1 is the critical exponent.

It was shown that the development of instability
of the bubble near the barrier point R = R" is strong-

ly influenced by the memory effects, if the relaxa-
tion time t=#AB /T is large enough. In this case, a

growth of the bubble is accompanied by characteris-
tic shape oscillations of the bubble radius. The cor-
responding results for R(¢) are shown in Fig. 2.

0.05¢ - 1
0.04/

0.03 |

AR(L)/R*

0.02!

0.01]

0.00 _
0 20 40 60 80 100 120

L (cm/c)
Fig. 2. Time variation of the bubble shape parameter R
near the barrier point R =R~ for various values of the
relaxation parameter 3. The solid curves / and 2 corre-

140

spond to the values of p=2.6-10"eV (frequent collision
regime) and B=2.6-10"eV (rare collision regime), re-

spectively. The dashed is for an usual Markovian motion
with a friction.
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AVERAGE DESCRIPTION OF E1 GAMMA-TRANSITIONS IN HOT ATOMIC NUCLEI

V. A. Plujko™? O. M. Gorbachenko', B. M. Bondar!, E. P. Rovenskykh?, V. A.Zheltonozhskii?

" Taras Shevchenko National University, Kyiv
? Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

The average probabilities of gamma-transitions at
y-ray emission and photoabsorption can be de-

scribed using the radiative (photon) strength func-
tions (RSF) [1, 2]. These functions are involved in
calculations of the observed characteristics of most
nuclear reactions. They are also used for investiga-
tion of nuclear structure (nuclear deformations, en-
ergies and widths of the giant dipole resonances,
contribution of velocity-dependent force, shape-
transitions, etc.) as well as in studies of nuclear reac-
tion mechanisms.

Isovector dipole electric 7 -transitions (E1) are

usually dominant in comparison with transitions of
other multipolarities and types. Therefore reliable
model of dipole RSF description is needed and sim-
ple expressions for RSF are preferable to decrease
computation time.

The practical semiphenomenological methods of
the RSF calculations based on excitation of the is-
ovector giant dipole resonance (GDR) [1 - 3] are
overviewed. New variant of modified Lorentzian
approach (MLO4) for calculation of electric dipole
RSF is proposed and tested [4, 5]. In this approach,
RSF shape parameter (“energy-dependent width”) is
given as a function of the first quadrupole state en-
ergy in order to more properly take into account nu-
clear structure peculiarities. Recent data-base and
systematics for the GDR parameters [3, 6, 7] were
used for the calculations of the energy-dependent
widths.

Figure shows an example of the comparison of
the calculations of the dipole RSF of different forms

with the experimental data for '“Er (U=3S,) ob-
tained at the JINR (Dubna) [8].

168 ' 23
o~ 1074 ]
>
(D]

2
=
P 10 =N v o - - - -
-----GFL; --- -EGLO]
—-—--- SMLO; —— - MLO4]
3 5
Ey (MeV)
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The calculations were performed within the
framework of the approaches (see [1, 4, 5] for de-
tails): Standard Lorentzian (SLO), Enhanced Gener-
alized Lorentzian (EGLO), Generalized Fermi
Liquid (GFL), Modified Lorentzian (MLO1), Sim-
plified Modified Lorentzian (SMLO) and MLOA4.

The excitation functions and gamma-ray
spectrum from (n, xy) reactions on middle-weight
and heavy atomic nuclei are also calculated with
RSF of different shapes to choice optimal expression
for the RSF [5, 9].

The overall comparison of the calculations within
different simple models and experimental data
shows that the EGLO and MLO (SMLO)
approaches with vanishing values of strength
function at zero gamma-ray energy provide rather
reliable simple methods for estimation of the dipole
RSF over a relatively wide energy interval ranging
from zero to slightly above the GDR peak. In
general, the new version of the MLO model (MLO4)
leads to better description of the experimental data
than previous ones as for gamma-decay and for
photoexcitation functions.

1. R. Capote ef al., Nucl. Data Sheets 110, 3107 (2009).

2. V.Yu. Denisov and V.A. Plujko, Problems of atomic
nucleus physics and nuclear reactions (in Russian),
(Kyiv University, Kyiv, 2013), 430 p.

3. V.A.Plujko, R. Capote, and O.M. Gorbachenko, At.
Data Nucl. Data Tables 97, 567 (2011).

4. V.A. Plujko, O.M. Gorbachenko, E.P. Rovenskykh,
and V.O. Zheltonozhskii, Nucl. Phys. At. Energy 13,
340 (2012).

5. V.A. Plujko, O.M. Gorbachenko, E.P. Rovenskykh,
and V.A. Zheltonozhskii, Nucl. Data Sheets (to be
published) (2014).

6. V.A.Plujko, O.M. Gorbachenko, V.M. Bondar, and
R. Capote, J. Kor. Phys. Soc. 59 1514 (2011).

7. V.A.Plujko, O.M. Gorbachenko, V.M. Bondar, and
R. Capote, in Proc. 3-rd Int. Conf. “Current Problems
in Nuclear Physics and Atomic Energy”, Kyiv,
Ukraine, 2010 (Kyiv, 2011) Part 1, p. 342.

8. A.M. Sukhovoj, W.I. Furman, and V.A. Khitrov, in
Proc. XV Int. Sem. on Interaction of Neutrons with
Nuclei, Dubna, 2007 (JINR, Dubna, 2008), p. 92.

9. V.A.Plujko, O.M. Gorbachenko, B.M. Bondar, and
E.P. Rovenskykh, Nucl. Data Sheets (to be published)
(2014).
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KINETIC COEFFICIENTS FOR LOW-ENERGY PAIRING VIBRATIONS
IN SUPERFLUID NUCLEI

V. |. Abrosimov

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

We study the effects of pairing on the kinetic
properties of the low-energy collective nuclear mo-
tion by using the semiclassical anomalous density
response function. The analytical expression of the
anomalous density response function associated with
the monopole pairing fluctuations has been obtained
in a simple model, in which nuclei are represented as
a system of A nucleons enclosed in a spherical cav-
ity characterized by parameters (size, density, pair-
ing gap A) typical of superfluid heavy nuclei [1]. It
reads

a R'(w)

ok, (r,m) = +R,?(03)8U (r,®) (1)
with
NV AC) A
Rl(@)=1@)~=F 7" j deg(e)— E()
fi(e) 1 1
@)= jdfg(f’E?( )L‘za) 2B+ hsz(e)ﬂJ
HKEO=(e-p), f(e)=e—u, fi(€)=1,

where E(€)=+/(e—u)* +A? is the quasiparticle en-

ergy and g(e) is the energy density of states per unit
volume in the equilibrium mean field, which is ap-
proximated in our model by a spherical square-well
potential of radius R (and infinite depth), so that
g(€) c €" . The chemical potential p is determined
by the number of nucleons. The external field
SU*(r,w) causes the extra fluctuations of the real
part of the pairing-field. The poles of the response
function (1) correspond to pairing modes of the sys-
tem.

We consider the low-frequency expansion (har-
monic approximation) for the denominator of the

response function (1). We have
2
+l 0 > (hw)?,
2| o(how)” | _,

2)

where y(hw)=o +R’(ho). The three coefficients

given by the expansion (2) define explicitly the ki-
netic parameters related to the low-frequency pairing
vibrations.

N 1 oy
x(hw) = x(0) +i [ o hw)luo

12

The restoring force parameter C = y(0) can be
written as
3)

C=| 8+ ((em) | ];deg(e)E%(E),

(6—/1) / [degte)

It is clear from Eq. (3) that the restoring force pa-
rameter is non-vanishing in superfluid nuclei.

The low-frequency (adiabatic) friction coefficient
7 =[0x/0(h®)], o is vanishing. This result is rather

with

(=)= j deg(e) 5 —

expected taking into account the fact of existence of
double pairing gap in the single-particle energy
spectrum. So that the Landau damping, which is the
unique source of friction in our model, is absent.
From the expansion (2) we can obtain an explicit
expression for the mass parameter that is defined as

B=—(1/2)[8%y/é(hw)*],_,- It can be written as
_= el @
J deg(e) s )[( 1)=(e=m] .

There is the coherent contribution to the mass pa-
rameter in superfluid nuclei.

By using the restoring force parameter (3) and
the mass parameter (4) we can find the approximate
analytical expression for the frequency of the mono-
pole pairing mode. We can get

hay, ~2A, \/ [ deg(e)% / [jdeg(é) Eel(e) _Q jdfg(e)b_él@}

The energy of the monopole pairing vibrations is
greater than double pairing gap.

We have derived semiclassical analytical expres-
sions for the restoring force and mass parameters
associated with monopole pairing vibrations in the
low-frequency limit. According to our semiclassical
results, the pairing correlations give rise to a coher-
ent contribution to the kinetic properties of slow col-
lective nuclear motion.

1. V.I. Abrosimov, D.M. Brink, and F. Matera, in Book

of Abstracts. 63 Int. Conf. “Nucleus 2013”. (Saint-
Petersburg, 2013), p. 161.
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SURFACE SYMMETRY ENERGY AND ISOVECTOR
DIPOLE-RESONANCE STRUCTURE IN NUCLEI

J. P. Blocki', A. G. Magner?, P.Ring?

! National Center for Nuclear Research, Otwock, Poland
? Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
3 Technical University of Munich, Garching, Germany

The collective excitations of exotic nuclei with a
large neutron excess can be studied analytically
by using the effective surface approximation (ES)
within the extended Thomas - Fermi (ETF) approach
and the semi-classical Fermi-liquid droplet model
(FLDM) [1, 2]. The isovector dipole-resonance
(IVDR) strength function S(w)as a function of the
excitation energy #iw can be calculated using the
macroscopic boundary conditions to the kinetic
Landau - Vlasov equations with an isovector dipole
external force [3]. The FLDM transition density was
calculated as the dynamical part of the particle den-
sity. In the FLDM, the boundary condition of the
equivalence of normal forces acting on the ES de-
pends on the surface symmetry energy (SSE) con-
stant k, through the isovector capillary pressure

8P, oc kI’ A" cos® for the IVDR radius vibrations
OR o« RcosO of the ES, where [ =(N —Z)/ Ais the

asymmetry parameter, N is the neutron and Z is the
proton number in a nucleus, A=N +Z.

0.08

g S@g

0.02

1! 21

5 18
ho [MeV]
The IVDR two-peak strength functions S, (), “out-of-

phase” (n = 1) and “in-phase” (n = 2), as a function of the
excitation energy #fw for the Skyrme forces SLy5* (a )
and SVsym32 (b), as example; T=4.4-107"s is the
relaxation time of the collisional term in the Landau -
Vlasov equations.

Figure shows the two-peak IVDR strength struc-
ture in “>Sn for several Skyrme forces. The main
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n = 1 peak related to the “out-of-phase” vibration of
the particle density inside of the nucleus for the
Skyrme interaction SLy5* (a ) appears at the energy
E, =17.0 MeV with the energy weighted sum rule

EWSR, =68 %, E, =ho, . The satellite n =2 IVDR

peak corresponding to the “in-phase” vibrations with
E,=19.8 MeV and EWSR;=32 % (a ) is found on

the right hand side of the main peak. For SVsym32
(b), one arrives at the opposite situation,
E =18.1MeV with EWSR, =64 % and

E, =14.8 MeV with EWSR, =36 % on the left side.

The mean IVGDR energies and EWSRs are in fair
agreement with the experimental data.

We found the satellite (pygmy) IVDR energies
and EWSR to depend in a more sensitive way on the
SSE value, kg=-3.9 MeV for SLy5*, and 3.4 MeV

for SVsym32, calculated all analytically through the
Skyrme force parameters, as compared to the aver-
age characteristics of the main peaks. The corre-
sponding isovector neutron skin stiffnesses are given
respectively by Q=107 MeV (stable vibration
mode) and -118 MeV (unstable one), which differ e
lot, even in sign.

The neutron transition densities are always sig-
nificantly larger than the proton ones near the nu-
clear edge, such that one has a neutron skin around a
symmetrical core. The characteristics of the pygmy
IVDRs in several neutron-reach double-magic iso-
topes like **Pb,">Sn and ®Ni are obtained in a
qualitative agreement with the experimental data and
other semi-microscopical calculations.

As perspectives, it would be worth to apply our
results to the systematic IVDR calculations of the
pygmy IVDRs within the FLDM and the isovector
low-lying collective states by using the periodic or-
bit theory.

1. J.P.Blocki, A.G. Magner, P. Ring, and A.A. Vlasen-
ko, Phys. Rev. C 87, 044304 (2013).

2. V.M. Kolomietz, A.G. Magner, and S. Shlomo, Phys.
Rev. C 73, 024312 (20006).

3. J.P.Blocki, A.G. Magner, and P. Ring, arXiv:1312.
6051 [nucl-th] (2013), Phys. Scr. T, in print, 2014.
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SEMICLASSICAL SHELL-STRUCTURE MOMENT OF INERTIA
IN THE PHASE-SPACE VARIABLES

D. V. Gorpinchenko'? A.G. Magner®, J. Bartel?,

! Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
? National Technical University of Ukraine “Kyiv Polytechnic Institute”, Kyiv
3 Institut Pluridisciplinaire Hubert Curien, Strasbourg University, Strasbourg, France

Many significant phenomena deduced from the
experimental data on nuclear rotations were
explained within theoretical approaches based main-
ly on the cranking model, and the Strutinsky shell
correction method [1]. The moment of inertia (MI)
for collective adiabatic (statistical-equilibrium) rota-
tions can be simply described through a decomposi-
tion in terms of the Extended Thomas - Fermi (ETF)
MI and shell corrections [1, 2]. The MI shell com-
ponents are obtained analytically in the adiabatic
approximation as a sum over periodic orbits (POs) in
a mean potential well of the cranking model. In the
present work, we obtain a semiclassical phase-space
trace formula for the MI in terms of the free-energy
shell corrections.

Such a local approach is based on the approxi-
mate semiclassical representation in terms of the
particle density p(r)=p,,-(r)+06p(r)through the

rigid body MI. For a statistically equilibrium rota-
tion around the x axis, perpendicular to the symme-
try z axis

©,~ 0 = [drrip(r)= 0" + 50,

with > =y +z*, where ®""" is the smooth ETF

component related to the local ETF particle density
Pz () . The MI shell correction 80 =

= jdr r28p(r) is determined by the non-homoge-

neity of the energy spectrum near the Fermi surface.
The shell correction to the particle density is given

by 3p(r) = —Im " [deGe, (1,,1,,)/ 7 for
CcT

r, = r, = r. The integration is performed over the
energies € . The sum runs over the closed classical
trajectories (CT), connecting two spatial points I,
and r, in the volume of the rotating system with a
non-zero action. The component of the single-partic-
le Green’s function G, for the isolated CT is given
by the extended Gutzwiller periodic orbit theory.

By using the stationary phase method for the cal-

culation of the MI, one obtains after simple trans-
formations the phase-space trace formula:

dr'dp' ., CoaTy 12
® =R d 5
R [de[ oo Ve (P I x

14

x3(e — H(r’,p’))exp{%[é‘cr(r', r'e)+p'(r'- r")]} x

xexp(—iz fer 12), (1)

where S.,(r',r",e) is the action along the CT, J,
is the Jacobian transformation from the initial p, to
the final pi particle momenta perpendicular to the

CT, and p, is the Maslov phase. The sum runs over
all isolated CTs.

Accounting for the phase-space trace formula for
the semiclassical level density g (g) [3] (see
Eq. (1) but without an energy integration and the 7’
factor), one obtains an approximate relation between
the MI ® and the free energy F as a sum of
smooth-ETF and oscillating (shell) components,
0,0 + <’}2 /s>6F . Here, one applies

(2 12)=[derlg, (e)/ [deeg, (&)= (r}1€) +

+6<rx2 /8> ’ [Wlth gsc(g) = gETF(S) +8gsc(8) ]3 and
F =F,,. +0F . The semiclassical (free-) energy

shell corrections [1],
8F = [nty,T /sinh(nt,, T / h)]SE,, / h and

PO

OF = ZSE »o are the sums over POs (or their iso-
PO

lated families), 8 E,, = (n/t,,)’8 g5, (€),
8g..(e) =X 8gpp(€), tpy =0Sp,(€)/ O is the time
7o

period for a motion of the particle along the PO,
S, (€) the action along the PO, and T the tempera-

ture. As a final result, the leading MI shell correc-
tion is given by 80, ~ <rxz/£>5F .

We shall use these phase-space trace formulas for
calculating the MI shell corrections in the case of a
spheroidal cavity potential like in [1], and then,
compare them with the quantum-mechanical results.

I. A.G. Magner, A.S. Sitdikov, A.A. Khamzin, and
J. Bartel, Phys. Rev. C 81, 064302 (2010).

2. A.G. Magner, D.V. Gorpinchenko, and J. Bartel,
arXiv, 2013, Phys. At Nucl., in print 2014.

3. A.G. Magner, K. Arita, and S.N. Fedotkin, Prog.
Theor. Phys. 115, 523 (2006).
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TRACE FORMULA FOR BIFURCATIONS NEAR THE SADDLE
OF THE NON-INTEGRABLE HENON-HEILES POTENTIAL BARRIER

M. V. Koliesnik*?, A. G. Magner®, Ya. D. Krivenko-Emetov*?, K. Arita®>, M. Brack®

! Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
? National Technical University of Ukraine “Kyiv Polytechnic Institute”, Kyiv
? Department of Physics, Nagoya Institute of Technology, Nagoya, Japan
* Institute for Theoretical Physics, University of Regensburg, Regensburg, Germany

The transition probability for the Fermi particle
motion through the non-integrable Hénon-Heiles
(HH) potential barrier in two and three dimensions is
an exciting subject of nuclear and astronomic phy-
sics. A semi-analytical trace formula for the level
density g(E) within the periodic orbit (PO) theory

[1] for the famous HH Hamiltonian was derived in
[2] using uniform approximations based on the nor-
mal-form theory of pitchfork bifurcations [3]. The
trace formula for the oscillating component 8g(£)

of the level density g(£) accounting for a dense cas-

cade of such bifurcations near the saddle was con-
sidered also in [4] for an integrable HH-potential
using the improved stationary phase method (ISPM)
[5], based on extensions of the semiclassical Gutz-
willer path integral approach [1]. In the present
work, we obtain analytically the trace formula for
O0g(E) for the standard non-integrable HH Hamilto-

nian within the ISPM [4, 5] valid for an arbitrarily
dense sequence of bifurcations.
Within the generalized ISPM [5], the generating

function S‘(Q, p,E) can be derived as an extension

of the normal form theory [3] for suitable Poincaré
variables Q and p. Using a 4™-order expansion of

the action phase (and, relatively, the pre-exponential
amplitudes) in the phase-space trace formula [4]

near the stationary points x°, p. in the x,p, coor-
dinates perpendicular to y, p, along the parent orbit
A in a pitchfork bifurcation scenario [1 - 6], one has
$cr(Q.p.E) = S,0(E)+ pQ +£{0° + ai0" +

+ep* +all)p*. Here, O =x(Tp,)—x for the fi-
nite spatial coordinate x(7,,) at the PO time period
T,,and p=p (0)— p. with the initial momentum
p,.(0) for the classical trajectory (CT), S,,(E)=

=q5p0 pdr is the action along the PO. The coeffi-

cients correspond obviously to the derivatives of
S..(Q,p,E). The stationary points Q" and p"are
related to the parent A _, rotational R  and librating
L _ POs, respectively, specified by the Maslov index

o in the pitchfork bifurcation scenarios. Performing
more exact integrations over J and p, one then

obtains for the oscillating level density
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1 g0 ,© RIORD)
g, (E)=——5Re> T, A| -L& =L |4| ZL0 Zr0 |y
(Zﬂh) PO h h h h

xexp|:%SPO(E)—%CGPO—i(|):|, (1)

where T, is the period for a primitive PO,

X{J_M (é)—%'exp[—iﬂtfm(i)}’

is the amplitude, &=¢’/8a, a>0 (complex conju-
gate for a<0), ¢ is another constant phase [5]. In
(1), the sum runs over POs like A_, R_ and L
near the saddle. J,,, (&) are the Bessel functions of

fractional order =+ 1/4. (Bessel function components
of order +3/4 and etc. can be derived by taking into
account higher-order terms in the pre-exponent am-
plitude expansion.) The trace formula (1) has the
correct limit to the standard Gutzwiller formula for
isolated POs asymptotically far away from the bifur-
cations, and continuously crosses all symmetry-
breaking (bifurcation) points where an enhancement
of the amplitudes occurs [4,5]. In particular, one gets
also the results obtained in [3] locally near the bifur-
cation points. We expect to obtain good agreement
between the semiclassical and quantum averaged
level densities for the gross- and fine-shell struc-
tures, and for the exact energy shell corrections in
the case of the infinitely dense cascade of bifurca-
tions, which is in progress. For the (coarse-grained)
gross-shell-structure, the trace formula (1) should
agree with the uniform approximation found in [2].

1. M. Brack and R.K. Bhaduri, Semiclassical Physics,
2" ed. (Westview, Boulder, CO, 2003).

2. M. Brack and J. Kaidel, Phys. Rev. E 70, 016206
(2004).

3. H. Schomerus and M. Sieber, J. Phys. A 30 4537
(1997).

4. A.G.Magner, K. Arita, and S.N. Fedotkin, Prog.
Theor. Phys. 115, 523 (2006).

5. A.G. Magner, 1.S. Yatsyshyn, A. Arita, and K. Brack,
Phys. At. Nucl. 74, 1445 (2011).

6. S.N. Fedotkin, A.G.Magner, and M. Brack, Phys.
Rev. E 77, 066219 (2008).
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SHELL EFFECT IN THE SCISSION-POINT CONFIGURATION OF FISSIONING NUCLEI

F. A. lvanyuk

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

In the theory of nuclear fission quasistatic quanti-
ties like the potential energy surface, the ground
state energy and deformation, the fission barrier
height, etc., are commonly calculated within the ma-
croscopic-microscopic method. In this method the
total energy of the fissioning nucleus consists of the
two parts, macroscopic and microscopic. Both parts
are calculated at the fixed shape of nuclear surface.
In the past a lot of shape parameterizations were
proposed and used. A good choice of the shape
parameterization is often a key to the success of the
theory. Usually, one relies on physical intuition for
the choice of the shape parameterization.

A method to define the shape of the nuclear sur-
face which does not rely on any shape parameteriza-
tion was proposed by V. Strutinsky in [1]. In this
approach the shape of an axial, left-right symmetric
nucleus was defined by looking for the minimum of
the liquid-drop energy under the additional restric-
tions that fix the volume and elongation of the drop.

Recently the method was further developed [2, 3]
by incorporating the axial [4,5] and left-right
asymmetry [6] of the nuclear shape.

The important result of the Strutinsky procedure
[1] is the possibility to definite in a formal way the
scission point as the maximal elongation at which
the nucleus splits into two fragments.

In the present work the attention is focused on
the scission point configuration. The shape at the
scission point and the corresponding deformation
energy are examined in detail and an approximation
is suggested for the evaluation of the fission observ-
ables: the mass, total kinetic energy and total excita-
tion energy distribution of the fission fragments.

Three minima in the scission point deformation
energy are found corresponding to the "standard",
"supershort” and "superlong" fission modes. The
contribution of each fission mode to the mass distri-
bution of the fission fragments and total kinetic en-
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ergy is discussed and compared with the experimen-
tal results.

In the example of the fission process of U-235 by
thermal neutrons it is shown that the present ap-
proach reproduces correctly the position of the peaks
of the mass distribution of the fission fragments, the
value and the fine details of the total kinetic energy
distribution (see Figure) and the magnitude of the
total excitation energy of the fission fragments.
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The calculated (solid line) and the measured (circles [7],
squares [8]) total kinetic energy of fission fragments.

The results of this work will be published in [9].

1. V.M. Strutinsky, N.Ya. Lyashchenko, and N.A. Po-
pov, Nucl. Phys. 46, 659 (1963).

2. F. Ivanyuk, Int. J. Mod. Phys. E 18, 130 (2009).

3. F. Ivanyuk and K. Pomorski, Phys. Rev. C 79, 054327
(2009).

4. F.A. Ivanyuk, K. Pomorski, and J. Bartel, Int. J. Mod.

Phys. E 21, 1250032 (2012).

F.A. Ivanyuk and K. Pomorski, Phys. Scr. 154,

014021 (2013).

F.A. Ivanyuk, Physics Procedia 47, 17 (2013).

R. Muller et al., Phys. Rev. C 29, 885 (1984).

H. Baba et al., J. Nucl. Sc. Techn. 34, 871 (1997).

F.A. Ivanyuk, Physica Scripta, in print.

9]

e S B

INSTITUTE FOR NUCLEAR RESEARCH NASU



NUCLEAR PHYSICS

THE EFFECT OF THE NUCLEAR COULOMB FIELD ON ATOMIC IONIZATION
AT POSITRON ELECTRON ANNIHILATION AT [*-DECAY

S. N. Fedotkin

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

It is considered the process of annihilation of po-
sitron emitted at B* -decay and K-electron of daugh-
ter’s atom. A part of energy during this process is
passed to other K-electron or to s-electrons from
different n-shells (n = 2, 3, 4). As result this electron
leaves atom.

At calculation of probability of this process for
the atomic electron is used hydrogen like wave func-
tions. Nuclear charge screening is essential for the
electrons of external shells. Here this screening is
taken in to account by use the Slater approach [1].

The parameter Zoc /v can be much bigger 1 at
very small velocity of the ejected electron v and
Born approximation becomes in this case incorrect
(here Z is a nuclear charge, o is the fine structure
constant, ¢ is a light velocity). Because of this in
contrast to paper [2] the electron which leaves atom
is described by the wave function of continuum
spectra in Coulomb field. On this reason instead of
free particle Green function is used Green function
for electron in a Coulomb field. Since we consider
the allowed B* -decay and following positron annihi-

lation with K-electron the Green function is propor-

tional to the Whittaker function W ,, (20r)
Mo »

where

Mo =Zoc% b=\m’—E;

Here m is a electron mass, € is the energy of
electron ejected from the atomic shell in pointr, E

E =2E¢;-¢€.

is K-electron energy.

General expression for probabilities of this proc-
esses are received for the atom with arbitrary Z.

It is shown that use of Sommerfeld factor for the
correction of Born approximation at the calculation
of this process probability is not enough [2]. The
probability of this process calculated with exact
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wave functions is much smaller. In a case of

B -decay of *Ti use of wave function of continuum

spectra in Coulomb field reduces probability in sev-
eral time. But use of Green function for electron in a
Coulomb field gives opposite effect — probability of
ionization of atom increases.

The ratio of probabilities of K-electron positron
annihilation and following other K-electron knock-

out with Coulomb field accounting WB‘;";’K and

disregarding it W is

B*K,K
!
WCOLI
BT K.K

approximately
/ WBK «~ 1.7 for this nucleus. The analogous

ratio of probabilities for wusual

W;’”l / W;} ~ 0.56. Hereby there are the following

estimates for the ratio of probabilities of considered
processes

B -decay is

Wcoul /VVBL;oul ~3W

BT K.K B*K,K/VVB* ~1.8:107.

For the ratio of probabilities of processes with
participation of electrons from external shells the
screening factor is more essential. The ratio of prob-
abilities in this case is changed slightly.

Thereby taking into account the Coulomb field
influence is important as for calculations of prob-

ability of B' -decay and following atomic ionization

at positron annihilation so for the ratios of these
probabilities.

1. S.E. Frisch, The optical spectra of the atoms (Fiz.-

Mat., Moscow, 1963), p. 197.
2. S.N. Fedotkin, Nucl. Phys. At. Energy 13, 223 (2012).
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THE MULTI-DIMENSIONAL MODEL OF CLUSTER DECAY

V. Yu. Denisov

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

The cluster decays “**Th—**Pb + 0, *’U—
28ppy 4 2Ne, PPy 28ph + Mg and *Cm—s
2%pp + 3Sj are considered in the framework of the
multi-dimensional cluster preformation model [1].

The macroscopic potential energy surface related
to interaction between the cluster and the residue
nucleus is evaluated in the framework of the non-
local 7* extended Thomas - Fermi approach with
Skyrme and Coulomb forces.

The shell-corrections to the macroscopic poten-
tial energy are also taken into account.

The dynamical surface deformations of both the
cluster and the residue nucleus are taken into con-
sideration at the barrier penetration path. The heights
of saddle points related to deformed nuclear shapes
are lower than the barrier height between the spheri-
cal cluster and residue nuclei; therefore the dynami-
cal deformations of nuclei increase the barrier pene-
trability and reduce the half-life of cluster decay.

The trajectories of cluster decay at hydrodynamic
values of the collective mass parameters are related
to very deformed shapes at small distances between
cluster and daughter nuclei. In contrast to this, the
trajectories of cluster decay at realistic values of the
collective mass parameters pass through the slightly
deformed shapes. The shape of residue nucleus is
prolate along the cluster decay path.

Note that nuclei 0 and **Si have spherical
ground-state shape, while nuclei **Ne and **Mg have
oblate and prolate ground-state shape, respectively.
The dynamical deformation of the cluster nucleus
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depends on the ground-state deformation of the clus-
ter strongly. So, the trajectory of cluster decay is
different for spherical, prolate and oblate nuclei at
large distances between the cluster and residue nu-
cleus.

It is shown that the dynamical deformation of the
residue nucleus effects the decay half-life much
stronger than the dynamical deformation of the cluster.

The values of half-life evaluated with dynamical
deformation are much smaller than the one without
dynamical deformation.

The shell-correction contribution to total interac-
tion potential between the cluster and the residue
nucleus is very important for the potential energy
landscape as well as for the half-life evaluation. The
large negative value of shell-correction in the
ground-state of *"Pb drastically changes both the
potential energy landscape and the cluster-decay
half-life.

The heights of the barrier between prolate nuclei
are lower than the height of the barrier between
spherical nuclei. Therefore the dynamical deforma-
tions of nuclei increase the barrier penetrability and
reduce the half-life value. The influence of dynami-
cal deformations of nuclear shape around the barrier
is very important for an accurate description of clus-
ter emission half-life.

The experimental values of cluster decay half-
lives are well reproduced in the model.

1. V.Yu. Denisov, Phys. Rev. C 88, 044608 (2013).
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RELAXED-DENSITY NUCLEUS-NUCLEUS POTENTIAL WITH SHELL-CORRECTION
CONTRIBUTION AND EMPIRICAL NUCLEUS-NUCLEUS

V. Yu. Denisov

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

The nucleus-nucleus potential is a key ingredient
for description of nuclear reactions. Microscopic
evaluation of potential between nuclei is based on
both the effective nucleon-nucleon force and the nu-
cleon density distributions of interacting nuclei. There
are also simple parametrization for the nucleus-
nucleus potential, which are often used for description
various heavy-ion reactions due to simplicity.

The goal of this study is to find the simple ana-
lytical parametrization of nucleus-nucleus potential,
which nicely describes semi-microscopic nucleus-
nucleus potentials around barrier for various heavy-
ion systems and the empirical barriers.

According to the Strutinsky shell-correction pre-
scription [1] the total energy of nucleus consists of
macroscopic and microscopic contributions. The
Strutinsky shell corrections [1] are important ingre-
dient of atomic mass description, which strongly
improve the accuracy of atomic mass prediction.
Therefore we take into account the shell-corrections
contribute into the nucleus-nucleus interaction.

The semi-microscopic nucleus-nucleus potential
is a macroscopic part of a total potential. We evalu-
ate the semi-microscopic potential by using the
semiclassical approximation for realistic energy
density functional and realistic relaxed-density
parametrization of nucleon density dynamics during
fusion reaction.

The interaction energy of two nuclei evaluated by
using the non-local 4#* and %' terms of extended
Thomas-Fermi energy density functional with
Skyrme and Coulomb contributions are the macro-
scopic part of the total interaction energy. 1485 mac-
roscopic potentials between all possible combina-
tions of 54 spherical nuclei from '°O to *'°Po are
evaluated at 12 distances around the touching point.
By fitting these values we obtain the macroscopic
part of the nucleus-nucleus potential.

When the nuclei are approaching to each other
the shell structures of both nuclei are changed due to
interaction of nucleons belonging to different nuclei.
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The variation of the single-particle shell energies in
both nuclei induced by nucleon-nucleus interaction
should contribute into the full potential. Therefore
the microscopic shell-correction energies of both
nuclei are changed at small distances between nu-
clei. Such variation of the microscopic shell-
correction energies should be added to the macro-
scopic contribution for correct evaluation the total
interaction energy of two nuclei. We propose simple
approximation for evaluation of the shell-correction
contribution into the nucleus-nucleus potential.

As the result, we introduce the new semi-
empirical relaxed-density nucleus-nucleus potential
with shell correction contribution. This potential can
reproduce both semi-microscopic nucleus-nucleus
potentials for various heavy-ion systems and the
empirical barrier heights with small value of the root
mean square error.

We show that the shell correction contribution is
important ingredient on the nucleus-nucleus interac-
tion and propose a simple approach for evaluation of
it. The shell correction contribution shows how the
total potential for specific nucleus-nucleus system
deviates from the global macroscopic potential,
which smoothly depends on numbers of protons and
neutrons in interaction nuclei. The shell correction
contribution into potential relates to inner structure
of nuclei, which is disturbed by mutual influence of
colliding nuclei.

The comparative study of fusion barrier heights
for spherical colliding nuclei evaluated for various
empirical potentials show that the relaxed-density
potential with shell correction contribution describes
better the empirical barrier heights than other poten-
tials.

1. V.M. Strutinsky, Sov. J. Nucl. Phys. 3, 449 (1966);
Nucl. Phys. A 95, 420 (1967); 122, 1 (1968);
M. Brack, J. Damgaard, A.S. Jensen, et al., Rev. Mod.
Phys. 44, 320 (1972).
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BARRIER BETWEEN DEFORMED NUCLEI
V. Yu. Denisov, T. O. Margitych
Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

Nuclei can deform at small distances between them The nuclear and Coulomb contributions
due to interaction between nucleons in interacting nuclei.  into potential energy are evaluated using Egs.
Therefore a barrier height of nucleus-nucleus potential  in Refs. [1, 2]. Energy related to deformation
depends on the deformations of the nuclei and the mutual  is obtained in the framework of liquid-drop
orientation of them. We search the minimal barrier height =~ model. The quadrupole deformation of inter-
between nuclei with spherical ground-states. The minimal  acting nuclei is considered.
value of barrier height is related to the nose-to-nose orien- The total potential energy is evaluated at
tation of prolate nuclei [1]. different distances between nuclei and various

The full nucleus-nucleus potential energy consists of  deformations of each nucleus. The barrier
Coulomb, nuclear parts and energy related to deformation  heights are obtained for various values of
of each nucleus. The ground-state shape of interacting  deformations of interacting nuclei; see, for
nuclei are spherical, therefore the addition energy should  example, Figs. 1 and 2.
be added to deform these nuclei.

0,3

A
00 01 02 03 04 05p,,06 00 01 02 03 04 0508706

Fig. 1. The dependence of barrier height on the quadru- Fig. 2. The dependence of barrier height on the quadru-
pole deformation parameter for system nuclei **Ca + **Ca.  pole deformation parameter for system nuclei **Kr + *Kr.

It is found that the lowest barrier height is taken The values of deformation parameter related to
place for both deformed nuclei, see Figs. 1 and 2. the lowest barrier increases with mass and charge of
The values of deformation parameters are obtained. interacting nuclei too, compare Figs. 1 and 2.

The difference between the barrier height of
spherical nuclei and the lowest barrier height rises 1. V.Yu.Denisov and N.A. Pilipenko, Phys. Rev. C 76,

with mass and charge of interacting nuclei. 014602 (2007).
2. V.Yu. Denisov, Phys. Lett. B 526, 315 (2002).
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ISOTOPIC AND NEUTRON EXCESS EFFECTS OF BOTH THE NUCLEUS-NUCLEUS
INTERACTION AND THE FUSION CROSS SECTIONS

V. Yu. Denisov, V. A. Nesterov
Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

at calculation the fusion cross sections around
barrier. The fusion cross sections are found in
the framework simplified coupled-channel

The nucleus-nucleus interactionc potentials and the fu-
sion cross-sections around barrier for heavy nuclei along
and far the beta-stability are studied in details.

The nucleus-nucleus potentials are evaluated in the
framework of semi-microscopic approximation [1 - 3].
The proton and neutron densities of nuclei are obtained in
the Hartree-Fock-BCS approximation with Skyrme force.

model CCFULL [4] (see Figs. 1 and 2).
The nucleus-nucleus interaction potentials
and the fusion cross-sections around barrier for

systems 58NierSn, 58Ni+“4Sn,

*Ni+''°Sn,

The nucleus-nucleus potentials are determined as *Ni+'"%Sn, *Ni+'*°Sn, **Ni+'**Sn, **Ni+'**Sn,
58Ni+1268n, 58Ni+1288n, 58Ni+13osn, 58Ni+1328n,

V(R)=E;»R) - E; - E,, Ni+112Sn, #Ni+'Sn, “Ni+''%Sn, “Ni+'*Sn,

64Ni+1208n’ 64Ni+1228n, 64Ni+124sn, 64Ni+126sn,

where E; and E; are the energy of corresponding nuclei at
infinite distance between mass centers and E;»(R) is the
energy of nuclear system at finite distance between mass
centers of nuclei. Energies E,, E; and E,(R) are evaluated

“Ni+'?*Sn, *“Ni+'Sn and *Ni+"*’Sn are
studied. The isotopic and neutron excess ef-

fects are discussed in details.

in the framework of energy-density approximation with 000 5
Skyrme force [1 - 3]. The kinetic energy density is con- -
. . . . . . ./
sidered in the framework of semiclassical approximation —
with h? gradient corrections [1 - 3]. /'/ .
s —
. 100
gl
100_: ’;.tv’:.AA..I- E_ -OO
p PP SR - *
] T e T o o
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€1 R 10 4 ]
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_/ J Fig. 2. Fusion cross sections for *Ni and '**Sn.
14— . .
160 165 170 175 .
E,MeV 1. V.Yu. Denisov and W. Norenberg, Eur. Phys. J.

Fig. 1. Isotopic dependence in fusion cross sections for **Ni
and different Sn isotopes.

The tails of semi-microscopic nucleus-nucleus poten-
tials are approximated by the Woods-Saxon potential. The
Woods-Saxon potential with obtained parameters is used
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A 15, 375 (2002).

2. V.Yu. Denisov and V.A. Nesterov, Phys .At.

Nucl. 69, 1472 (2006).

3. V.Yu. Denisov and V.A. Nesterov, Phys. At.

Nucl. 73, 1142 (2010).

4. K. Hagino, N. Rowley, and A.T. Kruppa, Comp.

Phys. Comm. 123, 143 (1999).
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RIGID-PROJECTILE MODEL FOR THE ELASTIC DEUTERON SCATTERING
FROM o-CLUSTER NUCLEI

Yu. A. Berezhnoy', D. V. Fedorchenko’, V. P. Mikhailyuk’, V. V. Pilipenko’

"'V, N. Karazin Kharkiv National University, Kharkiv
? National Science Center “Kharkov Institute of Physics and Technology”, Kharkiv
3 Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

Theoretical description of light-nuclei scattering
from various nuclei was a subject of numerous pub-
lications. In the intermediate energy region the
proper description of such processes requires both
accounting of the incident nucleus internal structure
and the structural features of the target nuclei.
Moreover, in the consideration of the nucleus-
nucleus scattering the influence of the environment,
in which nuclear nucleons are placed, play an impor-
tant role. In this case solution of the many-body
scattering problem is highly complicated as the nu-
cleons or clusters of the incident nuclei interact both
with each other and with target nuclei structural
components. This interaction distorts the standard
“elementary free” scattering amplitudes and leads to
introduction of effective amplitudes.

From this point of view deuteron, being the sim-
plest light nucleus is unique object for theoretical
treatment by itself and also as a test-nucleus for vali-
dation of different theoretical models. So, on one
hand its complex structure implies usage of the
“effective” amplitudes to describe deuteron-nucleus
interaction. From the other hand given deuteron small
binding energy and taken into account founding simi-
larities between the measured values of some observ-
ables for polarized deuteron and those for the pola-
rized proton in the intermediate energy region scatte-
ring one can expect the sufficient accuracy from the
model using “free” nucleon-nucleon (cluster) ampli-
tudes for calculation of deuteron scattering.

The main purpose of this report is to develop for
the case of deuteron-nucleus scattering the multiple
diffraction scattering theory conventional approach
that uses the nucleon-nucleon scattering amplitudes
by including in the consideration cluster degree of
freedom of the target-nuclei. So, here to calculate
the elastic d-'">C and d-'°O scattering observables we
use the a-cluster model with dispersion for the tar-
get-nuclei [1] and the rigid-projectile approximation
with “effective” full form spin-dependent d-a scat-
tering amplitude in the form

13, (@ =1,(@)+ £, (g)(Sn) +
+£5(@)(SN)* + £, (g)(SA)’, (1)
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2 . |
@)=k, ¥ Gexp(-BVg%), @)
j=1

The results of such calculations are given in the
figure by solid curves. The dashed curves in this
figure were calculated in [3] with allowing only for
the first two terms in (1).

d-"°0 E =400 MeV d-“0 E, =700 MeV

do/d {mb/sr)

A (o)

A_(0)

The differential cross-sections do /dQ (mb/sr) and ana-
lyzing powers A,, A, for the elastic deuteron scattering
from '2C and 'O nuclei at 400 and 700 MeV. The ex-
perimental data are taken from [2].

As can be seen from Figure, the calculated obser-
vables are in sufficient agreement with the existing
experimental data.

1 Yu.A.Berezhnoy, D.V.Fedorchenko, V.P.Mikhai-
lyuk, and V.V. Pilipenko, Eur. Phys. J. A 48:4 (2012).

2 Nguyen Van Sen, Ye Yanlin, J. Arvieux et al., Nucl.
Phys. A 464, 717 (1987).

3 Yu.A.Berezhnoy, D.V.Fedorchenko, V.P.Mikhai-
lyuk, and V.V. Pilipenko, Phys. Atom. Nucl. 76, 862
(2013).
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REACTION “Ca(d, pn) “’Ca AT 56 MeV IN THE DIFFRACTION APPROXIMATION

V. V. Davydovskyy, A.D. Foursat

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

Investigation of the deuteron breakup reaction on
nuclei gives information on the mechanism of the
reaction as well as the nature of the interaction of
complex particles with nuclei. Theoretical studies of
the reaction developed in two ways: using the
method of distorted waves and in the diffraction
model. Taking the Coulomb interaction into account
is essential.

The diffraction theory of the interaction of com-
plex particles with nuclei suggests that each nucleon,
which forms the deuteron, being scattered by a force
center, leads to a phase shift associated only with the
transfer of transverse momentum. This assumption is
valid for deuteron elastic scattering at small angles.
In the inelastic breakup process, the longitudinal
momentum is transferred to the deuteron’s nucleon
as well. This fact leads to the incoherence of the
breakup process and as a consequence it cannot be
described by a profile function corresponding to the
elastic scattering [1]. Therefore, it is interesting to
consider the process of the deuteron breakup in the
diffraction approximation taking into account both
the longitudinal Q. and transverse Q, components

of the transferred momentum, which is the main
purpose of the work.
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Energy spectrum of protons in *°Ca(d, pn)*’Ca reaction
at 56 MeV. Filled circles represent the experiment [2];
dotted line shows contribution of the Coulomb ampli-
tude (2) only; solid line is our full calculation; dashed
line is full calculation with longitudinal momentum
transfer effects neglected.

The available experimental data [2] on the deu-

teron breakup by nuclei, when the deuteron breakup 2:

products are emitted at zero angle relatively to the
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momentum of the deuteron, allow a detailed com-
parison between theory and experiment. Numerical
calculations are carried out for the calcium nucleus
at 56 MeV.

Following the technique described in [1], we get
the amplitude of (d, np) reaction as a sum of two
terms, responsible for the Coulomb and nuclear-
Coulomb breakups:

F(Q,p) = % j d*Bexp(iQ,B)x

xjd3r¢: (r)Q(B,r)o,(r)=F +F, . (1)

After some considerations, it is possible to
represent the Coulomb breakup amplitude,
introduced in (1), as a product of three terms:

F.(Q.p)= 2fc<Q,%)F(Q>G(Q,p> )

For the amplitude of the nuclear-Coulomb
breakup, we take three first terms of its expansion
into series in the small parameter, which in this case
is a ratio of the deuteron and target nucleus radii:

F(Qp)=2 F2(Q.p). )

The integration in the amplitudes is carried out
numerically with the profile function chosen in the
Fermi form with the real volume and the imaginary
surface parts.

The Figure shows the results of our calculations
of the energy spectrum of protons. The effect of O,

is noticeable, although small. In the region of the
spectrum E ~ E , the curves coincide and the ef-

fect disappears, which is clearly explained by the
specifics of the experiment kinematics. At the wings
of the spectrum, the energies of the nucleons are
significantly different and the effect is considerable.
At higher energies, the role of the effects related to
the Q. transfer, especially in the asymmetric geome-

try, should increase.
E.B. Jlesumn, A.J[. ®ypca, 510 24, 1115 (1976).

H. Okamura, S. Hatori, and N. Matsuoka et al., Phys.
Lett. B 325, 308 (1994).
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ON SOME MATHEMATIC METHODS IN THE BASE OF QUANTUM COLLISIONS
AND NUCLEAR REACTIONS AND THEIR ORIGINATING
OF CERTAIN PHYSICAL PHENOMENA

V. S. Olkhovsky

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

In part I of this review paper the analytical struc-
ture of the non-relativistic unitary and non-unitary S-
matrix are investigated for the cases of any interac-
tions with any motion equations inside a sphere of
radius a, enclosed by the centrifugal and rapidly
decreasing (exponentially or by the Yukawian law or
by the more rapidly decreasing) potentials. Some
kinds of the symmetry conditions are imposed. The
Schroedinger equation for » > a for the particle mo-
tion and the condition of the completeness of the
correspondent wave functions are assumed. The
connection of the obtained results with the causality
is examined. Partially some analytical properties for
the multi-channel S-matrix are investigated and the
sum rules for mean compound-nucleus time delays
and the density of compound-nucleus levels. Some-
times (as physical revelations of profound general
methodic and in very good consistent accordance
with the experiment) observable physical effects,
such as parity violation enhancement and time
resonances or explosions, are manifested.

In part II it is known the appearance of time ad-
vance (due to distortion by the non-resonant back-
ground) instead of the expected time delay in the
region of a compound-nucleus resonance in the cen-
ter-of-mass C-system. Here at the same conditions
we study cross sections and durations of the neutron-
nucleus scattering in the laboratory L-system. Here a
review of papers where it is shown that such time
advance is a virtual paradox and in the L-system the
time-advance phenomenon does not occur and only
the trivial time delay is observed. At the same time
the transformations from C-system into the L-system
appeared to be different from the standard kinemati-
cal transformations because in the C-system the
motion of a compound nucleus is absent but it is
present in the L-system. Here we analyze the initial
wave-packet motion (after the collision origin) and
the cross section in the laboratory L-system. Also
here (as physical revelations of profound general
methodic and in very good consistent accordance
with the experiment) several results of the calculated
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cross sections for the neutron-nucleus in comparison
with the experimental data in the L-system at the
range of one or two overlappedcompound reso-
nances are presented. It is shown in the space-time
approach that the standard comparison with the
experimental data in the L-system at the range of
one or two overlapped, using the only cinematic
transformations of cross sections from the C-system
to the L-system are not valid because it is necessary
to consider the center-of-mass motion in the
L-system.

L.D. Landau has said [1] that the main useful
thing in the theoretical and mathematical physics is a
new good method because the good method can
bring us to many new effects which can in a new
way explain the experimental data. And namely
there is a reincarnation of this idea in my paper.
There are new physical effects which had followed
almost directly from my methods in both parts of my
review paper.

In I part they are the new effect of the time reso-
nances (or explosions), which had followed from the
analytical structure of the S-matrix, and the parity-
violation-enhancement effect, which had followed
from the analytical structure of the S-matrix for the
interactions with the violated parity. In the part II
they are the new transformations between the C- and
L-system for cross sections for two and more inter-
action mechanisms, which generalize the well-
known standard cinematic transformations between
the C- and L-systems for cross sections for one di-
rect (or prompt) mechanism, and also the virtual
delay-advance effect in the C-system and absence of
it in L-system (both revealed firstly by me); these
both results or effects, which had resulted in the very
good coincidence with the experimental data, had
followed from the space-time analysis (or method)
of neutron-nucleus scattering, which has also firstly
was elaborated by me.

1 L.D. Landau, private communication.
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TO A NON SIMPLE AND STILL FAR FROM BEING COMPLETED HISTORY
OF QUANTUM MECHANICS

V. S. Olkhovsky

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

In this review paper it is analyzed the really far
from being completed history of quantum mechanics
— quantum theory of measurements. The last inter-
pretation of quantum mechanics, after the long dis-
cussion between A. Einstein and N. Bohr was
finished, is the interpretation of many worlds
(IMW). There is assumed the existence of parallel
universes in this interpretation of quantum mechan-
ics (and quantum cosmology). In every from them
the same nature laws and the same physical con-
stants act, but all of them are found in various states.
IMW does not contain the undetermined collapse of
wave function which is connected with the measure-
ment in the Copenhagen interpretation.

There are two main statements in various IMW
versions: The fist statement is the existence of wave
function of the whole Universe which is described
by the Schrédinger equation but without any unde-
termined collapse. The second statement is the fol-
lowing: every state of the Universe the quantum
superposition of many (or, may be, of infinite num-
ber of) states of equal parallel universes which do
not interact one with each other.

The main argument for the acceptance of IMW is
the absence in it of the collapse of wave function.
Besides that, also the experimental testimonies in the
favor of collapse and against IMW are absent. IMW
is the deterministic theory of physical Universe and
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it explains why the world seems to be un-
deterministic for the human observer.

IMW is not the most popular interpretation of
quantum theory between physicists but its popularity
apparently increases. And also starting from the ele-
gant conception of the de-coherence proposed in 1970
by D. Zeh, it is possible to explain that the various
branches of the unique wave function, describing
these worlds, are oscillating in time with phase shift
and therefore each for other as if do not exist [1].

Furthermore there is the relatively recently fin-
ished chapter of quantum mechanics which for a
long time had not been resolved. For the non-
relativistic quantum mechanics it was finally fin-
ished in [2]. For the quantum electrodynamics it was
finished in [2]. For the Klein Gordon theory and for
the Dirac theory it was finished in [2]. Finally in [2]
there are presented many remained unresolved
problems in time analysis of quantum processes.

1. H.D.Zeh, Foundations of Physics 1, 69 (1970);
H.D. Zeh, Foundations of Physics 3, 109 (1973).

2. V.S. Olkhovsky, Advances in Mathem. Phys., 2009,
article 1D 859710, 83  pages  (2009),
doi:10.1155/2009/859710;

3. V.S. Olkhovsky, Time as a quantum observable ca-
nonically conjugate to energy. Time analysis of quan-
tum processes of tunneling and collisions (nuclear re-
actions), LAP LAMBERT (Academic Publishing,
Germany, 2012), 177 p.
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THE TOP QUARK MASS MEASUREMENT IN THE DILEPTON CHANNEL
WITH MATRIX ELEMENT METHOD

M. S. Borysova (on behalf of the DO collaboration)

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

The precise measurement of the top quark mass
is the legacy of the Tevatron (Fermilab). The meas-
urement of the top-quark mass in the tt-bar dilepton
channel using the matrix element method (MEM) is
presented. The MEM was developed by D@ to
measure the top quark mass in the 1 + jets channel in
Run I [1]. The analysis presented here follows the
ones described in [2] but using a full dataset which
has been collected between April 2002 and Septem-
ber 2011. The full dataset corresponds to an inte-
grated luminosity of ~10 fb'. The dilepton event

22/ ndf 6.661/3
p0  -0.08198+0.0432
3 9 Pl 0.9111+0.008725
o | 4
R sl DO, Wotk in progress /
1
a .
g 9.7 [1/1b] P
o L
2 f
E o

-5 /4

10—y i n
=10 -5 0

T T T 1

T VO T Y

5 10
true mmp-172.5 (GeV)

selection follows the cuts developed for the meas-
urement of the angular asymmetry in in dilepton
channel in the Run II [3].

The signal Monte Carlo (MC) samples used to
derive the calibration curves have been produced
using Alpgen followed by Pythia generators. The
generated top quark masses are: 165, 170, 172.5,
175 and 180 GeV. Background processes are gener-
ated with Alpgen followed by Pythia for Z — ee,
Z — pp and Z — 11 and Pythia - to simulate diboson
events (WW, WZ, Z7).
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Fig. 1. Comparison of the reconstructed and generated top-quark mass my,, (@) and correction to the estimated
uncertainty - pull width (b) in the ep channel. Only signal tt-bar events are taken into accout.

Before the MEM is applied to the selected data
sample, the method needs to be calibrated using MC
events. The total number of tt-bar events in the pool
used for the calibration is around 60000 for each
generated mass which allows to generate 1,000 in-
dependent ensembles. We expect about 300 tt-bar
events in the Run II for ey channel. MC events
which have been run through the full simulation of
the D@ detector are used to derive the final calibra-
tion of the fitting procedure. The calibration curves
show the mean values of top-quark mass measured
in 1,000 pseudo-experiments as a function of the
generated ones. To improve the precision and top-
mass calibration it was chosen in three jets events to
use lepton jets with highest b-tag output. The results
for this ensemble testing are presented in the Figure.
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In Figure, b the pull width which is defined as the
mean deviation of my,, in single pseudo-experiment
from the mean for all 1,000 values at a given input
My, in units of the measured uncertainty per
pseudo-experiment is plotted. The signal only cali-
bration curves demonstrate that the method doesn’t
suffer from any bias as calibration straight line offset
very close to zero and a slope very close to unity.

In the future there should be added background
and instrumental background, chosen the optimal
treatment of 3 jet events and performed analyses for
diem and dimu channels.

1. V.M. Abazov et al., Nature 429, 638 (2004).

2. V.M. Abazov et al., Phys. Rev. Lett. 107, 08 (2011).

3. VM. Abazov et al, arXiv:1308.6690 [hep-ex],
submitted to Phys. Rev. D.
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MSSM NEUTRAL HIGGS PRODUCTION CROSS SECTION VIA GLUON FUSION
AND BOTTOM QUARK FUSION AT NNLO IN QCD

T. V. Obikhod

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

Understanding the mechanism that leads to the
breaking of the electroweak symmetry and that is
responsible for the generation of the mass of the
elementary particles is one of the major challenges
of high energy physics. As the Higgs mass have
already been set it requires an accurate control of all
the Higgs production and decay mechanisms, includ-
ing the effects due to radiative corrections [1].

The next-to-leading order of QCD corrections to
the production cross sections of scalar Higgs bosons
have been calculated in [2]. They are significant for
the theoretical prediction of the cross sections lead-
ing to the increase up to the factor of two compared
to the lowest order results. In this paper the program
HIGLU for the calculation of the Higgs production
cross sections including next-to-next-to-leading
order of QCD corrections will be presented. Possible
options are minimal supersymmetric extension of
Standard Model with various relevant input parame-
ters. Within Standard Model as well as in most of
the parameter space of MSSM the contribution of
the top and bottom quarks in the loops provides the
excellent approximation for all cases in practice.

The program HIGLU calculates five terms in
formula contributing to the total cross section sepa-
rately, as well as their sum for all kinds of neutral
Higgs bosons. Resulting cross sections for the light
scalar MSSM Higgs boson #/ for energies

\/; =7,8,14 TeV are shown in Fig. 1.
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Fig. 1. Total gluon-fusion cross sections of the light scalar
MSSM Higgs boson & for /s =7, 8, 14 TeV.

Despite the fact that the dominant production
mode for Higgs boson is gluon fusion, next-to-
leading order (NLO) corrections have been also
evaluated for Higgs boson production in association

ANNUAL REPORT. -2013

with top quarks [3]. MSSM contains after spontane-
ous symmetry breaking five physical Higgs bosons,

where mass eigenstates are denoted by h,H,H", A.

One interesting consequence of this more compli-
cated Higgs sector is that compared to Standard
Model, the bottom quark Yukawa coupling can be
enhanced with respect to the top quark Yukawa cou-
pling. In Standard Model, the ratio of the ¢zH and

bbH couplings is given at the tree-level like
AN =m, I m, =35.

On the contrary, in MSSM, its depends on the
value AV /M

The consequence is that for Higgs boson produc-
tion in association with bottom quarks can become

an important channel: pp — bbo, 9 € h,H,A. For
the calculation one evaluates virtual and real correc-
tions to Higgs production in bb,gb,gg,bb,qb,qq

scattering and then performs ultraviolet renormaliza-
tion and mass factorization. The resulting cross sec-
tion is shown in Fig. 2.

o (pgr — (5] + X[

w10 @ =0 300
2, 1340]

Fig. 2. Cross section for Higgs boson production in bot-
tom quark annihilation at the LHC at NNLO. The upper
(lower) line corresponds to a choice of the factorization

scale of p, =0.7M, (n, =0.1M,). The renormalization

scaleissetto p, =M, .

1. S. Dittmaier et al., arXiv:1101.0593 [hep-ph].

2. A. Djouadi, M. Spira, and P.M. Zerwas, Phys. Lett. B
264, 440 (1991).

3. L. Reina and S. Dawson, Phys. Rev. Lett. 87, 201804
(2001).
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SEARCHES FOR SUPERPARTICLES AT THE LHC
BY APPLICATION OF COMPUTER SIMULATION

T. V. Obikhod

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

The searches for new physics at the LHC moti-
vated the necessary tools for building Grand Unifi-
cation Theory (GUT) models in F-theory [1]. It is
known that Minimal Supersymmetric Standard
Model (MSSM) [2] through its connection to string
theory improves the Standard Model (SM). There
are several problems of SM, connected with our
experimental knowledge and with some theoretical
aspects:

1) there is the neutrino mass problem - the SM
predicts neutrinos having zero mass, whereas we
have experimental evidence for massive neutrinos;

2) SM field theory which include gravity ends up
being non-renormalizable without predictions below
the Planck scale;

3) SM has 19 free parameters to be determined
experimentally;

4) the hierarchy problem;

5) the unification problem.

These problems can be decided with the help of
MSSM model. The construction of MSSM model
from superstring theory is connected with the notion
of derived category of D-branes. There are several
aspects that are necessary for construction the cate-
gory of D-branes [3]:

D-brane is associated to the locally-free sheaf;

an open string from one D-brane (sheaf E) to an-
other D-brane (sheaf F) is given by an element of
the group Ext (E, F);

the category of D-branes is the derived category
of coherent sheaves D(X) ;

if X and Y are mirror Calabi-Yau threefolds then
the category D(X) is equivalent to the triangulated
category TrF(Y);

MSSM model is connected with more than 100
parameters. The analysis, based on observational
hints and theoretical considerations, allows to re-
strict the parameter space to five free parameters:

M, =450 GeV, M,,, =425 GeV,

4,=0, tanB =10, sgn(p)=+1. (1)

Using the restricted parameter set it is possible to
calculate the mass spectrum, partial widths of super-
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partners by application of the computer programs
SOFTSUSY and SDECAY.

By application of computer program PYTHIA it
is possible to calculate production cross sections at
center-of-mass energy Js =14 TeV. These cross
sections are shown in the Table.

Cross sections of superpartners

channel cross-section, pb
2g —> 88 0, =0.323
qg > c]Rg, o, . =0.260
qg — Uyg G, =0.489
qq — i, d, o, =0.132

To construct histograms describing mass distri-
butions for superpartners g, and g we choose the

set of parameters (1). Using this parameter set it is
possible to construct histograms of mass distribu-
tions for superpartners by application of the com-
puter program PYTHIA. Histogram of mass distri-
bution for g is shown in the Figure.
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1. C.Beasley, J.J. Heckman,
0802.3391 [hep-th].

2. H.E. Haber, arXiv: hep-ph/9306207.

3. P.S. Aspinwall, arXiv: hep-th/0403166.

and C. Vafa, arXiv:
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MATTER FROM TORIC GEOMETRY AND ITS SEARCH AT THE LHC

T. V. Obikhod

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

At high energy, the three gauge interactions
which define the electromagnetic, weak, and strong
interactions, are merged into one single interaction
characterized by one larger gauge symmetry Grand
Unified Theory (GUT) [1] and thus one unified cou-
pling constant. This gauge coupling unification
works quite well in the Minimal Supersymmetric
Standard Model (MSSM) motivating not only grand
unification (or some superstring theories with simi-
lar properties) but also that supersymmetry emerges.
One of the branches of string theory is F-theory
which allows string theorists to construct new realis-
tic vacua - in the form of F-theory compactified on
elliptically fibered Calabi-Yau fourfolds.

It is natural to consider F-theory compac-
tifications on a Calabi-Yau threefold which admits
an elliptic fibration [2]. We will study elliptic Cal-
abi-Yau manifolds which in addition admit a K3
fibration; in other words we consider the case where
the K3 fiber itself is elliptically fibered. This would
be useful for dualities with heterotic strings. Then
the proposed Calabi-Yau must have a singularity.
Our purpose is to describe a general method for
constructing of Calabi-Yau hypersurfaces in toric
varieties. From the toric description of the Calabi-
Yau manifold used for compactification can be read
off the Newton polyhedron that provides nonabelian
gauge groups occurring in type IIA and F-theory.
There is a natural sequence of group embeddings
which gives the MSSM gauge group and matter
structure that can be detected at the LHC [3]

A great many Calabi-Yau manifolds are known
in terms of toric data [4] and there is the correspon-
dence, pointed out by Batyrev, between Calabi-Yau
manifolds and reflexive polyhedra A. This reflexive
polyhedron is Newton and we may define the dual or
polar polyhedron which we denote by V. By means
of a computer program we have computed the dual
polyhedra for the fourfolds

X (L L 1, 3k, 6k+6,9k+9)(k=1,...,6).

The following observations summarize the struc-
ture of the polyhedron V:

1. Omitting the first two points and the last
point of V leaves us with the dual polyhedron *V
of the K3 surface X, (1, 1, 4, 6);

2. Omitting the first three points and the last
two points of V leaves us with the dual polyhedron
*V of the torus X (L, 2, 3);

3. The polyhedron *V is divided into a ‘top’
and a ‘bottom’ by the polyhedron >V and we may
write
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3V — VH U Vk:l

bot top °

where V|
depends only on the enhanced gauge group H .
Applying this consideration to tops we obtain the

following gauge content for fourfolds:
HxSUQ) for k=1,
HxSO(8) fork =2,

depends only on k=1 while V/

bot

HxE,  fork=3,
HxE, fork=4,
HxE;  fork=S5,
HxE; fork=6.

We consider now the possibility of adding com-
binations of the points in all possible ways such that
the bottom corresponds to a reflexive polyhedron.
All the groups do appear and, as a matter of consis-
tency, we see the inclusions

E, 5 E, 5 50(10) 5 SU(5) o SU(4),
S SU(3) o SU(2) o SU(1).

This phase transition can be interpreted as a
group chain of spontaneous symmetry breaking

SO(10) — SU(5) — SU(3)x SU(2) x U(1).

This transition can be realized with the help of
partial widths of super partners calculations. Using
the restricted parameter set of MSSM model

M, =800 GeV, M,, =650 GeV,

4,=0, tanf =10, sgn(p)=+1.

it is possible to calculate partial widths of superpart-
ners by application of the computer program SDE-
CAY.

Thus we see the duality between the compactifi-
cations of the E; x E, heterotic string and the type

ITA string compactification on a Calabi-Yau mani-
fold provides an economical way to break the excep-

tional gauge group to gauge symmetries closer to the
MSSM.

1. A.J. Buras et al., Nucl. Phys. B 135, 66 (1978).

2. C. Vafa, arXiv: hep-th/9602022.

3. C. Beasley, J.J. Heckman,
arXiv:0802.3391 [hep-th].

4. M. Kreuzer and H. Skarke, Nucl. Phys. B 388, 113
(1992).

and C. Vafa,
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ENERGY SPECTRA OF ODD NUCLEI IN THE MODEL
OF NUCLEON-PHONON INTERACTION

I. O. Korzh, A.D. Foursat

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

In this article, according to the generalized
atomic nucleus model, which is synthesized on the
basis of the shell-type nuclear model and liquid-drop
nuclear model, the energy spectra of such elements
as Mg, *'K, and ®Cu are determined, and the
structure of wave functions for these elements in the
excited state and in the ground state is studied.

To describe the structure of odd nuclei a simple
model is used, in which the nucleus is considered as
a even-even core with a single odd particle outside
of the core. It is assumed, that the core is presented
as a liquid drop with constant density and a distinct
boundary, which is characterized by the well-known
formula describing the multiple expansion for the
nucleus surface radius.

The change in the average nucleus potential
caused by fluctuations of the multiplicity A results in
the appearance of relationship between the degrees
of freedom for vibrations and the degrees of freedom
for the odd particle. The Hamiltonian function of the
system consisting of the even-even core and the
nucleon is defined as follows:

H:HC+Hp+Hinta (1)

where H, is the collective Hamiltonian function of a
harmonic oscillator, H, is the one-particle Nilsson
Hamiltonian function, and H;, is the Hamiltonian
function of nucleon-phonon interaction.

In this article, the energy levels for odd nuclei in
the excited state and in the ground state are deter-
mined by the diagonalization of the energy matrix:

(eve +€, )00, +(NRY; JM | H

NRj

| NRj) - (2)

int
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As an example of calculating the energy spectra of
odd nuclei, we performed detailed numerical calcula-
tions for determining the energy spectrum of the *Cu
nucleus. For the first time, the model of a core in the
exited state designed for determining this nucleus
spectrum was successfully used in publications [1, 2].
The principal defect of those and further calculations
of the energy spectra of cuprum nuclei is insufficient
accuracy in determining the radial matrix elements of
the nucleon-phonon interaction operator. The assump-
tion that these elements are constant is not justified,
as, according to our calculations, the element values
can significantly differ. If these elements are assumed
to be variable, the calculated spectra can be in much
better agreement with the experimental spectra. The
comparison of the calculated spectrum with the ex-
perimental spectrum of the *Cu nucleus has shown
that the sequence of energy levels is in agreement
with their arrangement.

According to the proposed calculation method,
the multicomponent wave functions for nucleus
energy levels are determined as the linear transfor-
mation coefficients which diagonalize the energy
matrix (2). The values of the coefficients for the
ground states |NRj; J>, with the absolute spin J cal-
culated for the lowest energy states of the “*Cu nu-
cleus, indicate that the main component of the wave
function of the ®*Cu nucleus is a component defined
by the quadrupole 2" phonon of the core and 2ps;
proton state. This result allows the formula for the
model of an exited core to be used in calculations for
determining inelastic nucleon scattering [3].

1. R.D. Lawson and J.L. Uretsky, Phys. Rev. 108, 1300
(1957).

2. A. De-Shalit, Phys. Rev. 122, 1530 (1961).

3. P.E. Hodgson, Nuclear reaction and nuclear structure
(London, Clarendon Press, 1971).
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’Be* RESONANCE DECAY PROPERTIES
IN THE "B(p, oa)a REACTION AT E, =3.75 MeV

Yu. N. Pavlenko', V. M. Pugatch', V. L. Shablov’, O. K. Gorpinich', A. V. Stepanyuk’,
T. O. Korzynal, Yu. Ya. Karlyshevl, V.P. Verbytskyl, 0. V. Babak', V. V. Ostashko',
I. P. Dryapachenko', E. M. Mozhzhukhin', V. O. Kyva', D. V. Kasperovych'?, L. L. Dulger'”

! Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
2 Obninsk Institute for Nuclear Power Engineering, Obninsk, Russia
3 Taras Shevchenko National University, Kyiv, Ukraine

The measurements of spatial and energy
correlations of a-particles in the exit channel of
reaction ''B(p, aa)a have been performed at the
Tandem Generator EGP-10K of the Institute for
Nuclear Research (Kyiv) in order to further research
the properties of decay of the first excited state of
*Be nucleus in this reaction at low energies. Some
unusual peculiarities of this process, such as a strong
change in the shape of resonance curves in
correlation spectra, were observed earlier at the
proton energy E, = 2.65 MeV [1, 2] and qualitatively
explained by the interference of the resonant
interaction of two pairs of  a-particles

a
¥Begs(3-1)

96

644

2. channels

E

E,. channels

simultaneously. A full explanation of this phenome-
non has not been received to date.

To our knowledge, this reaction has not been
investigated so far in kinematically complete experi-
ments at the energy E,=3.75MeV, which corre-
sponds to the excitation of the compound nucleus
2C*(J"=2", Ex = 19.39 MeV).

Correlation measurements using the simple Si-
detectors and position-sensitive detector have been
performed at the kinematic conditions corresponding
to the resonant interaction of two pairs of a-particles
at the energies around E(*Be) ~3 MeV. Measured
spectra are shown in Figure.
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a — two-dimensional plot of coincidence spectrum of p + ''B(Ni) reaction products, which was measured at E, =
=3.75 MeV and the angles 0; = 40°, 0, = 122°, ¢; — ¢, = 180°. Arrows indicate the location of events from the three-
particle reaction p + ''B — a; + a, + 05. b — the projection of measured aa-coincidence spectrum (a) in the range of
the contributions of the first excited state of *Be (Ey = 3.03 MeV, I'=1.513 MeV [3]) on the energy axis E;. The
histogram corresponds to the Monte Carlo calculations of the expected contribution of formation and decay of *Be*
resonance in a pair of particles (2-3). The calculation has been performed with taking into account real experimental
conditions as well as the penetrability of the Coulomb and centrifugal barrier. It was assumed that the resonance
width T is independent on the relative energy E,_, (I' = const = 1.5 MeV).

In contrast to the results of previous measure-
ments at the energy E, = 2.65 MeV [1], which corre-
sponds to the formation of the compound nucleus
PC*(J"=2", E, = 18.39 MeV), the effect of destruc-
tive interference is not observed (see Figure). At the
same time, there is a significant narrowing of the
resonance curve (I' ~ 1 MeV) in comparison with the
data for the binary process of oo-scattering
(T'=1.5MeV [3).

The difference between the results obtained at
E,=2.65MeV and 3.75 MeV may be caused by
different mechanisms of formation of *Be* resonan-
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ce at these proton energies, as well as by the influ-
ence of the Coulomb field of accompanying
a-particle on the decay of this short-lived resonance.

1. YuN. Pavlenko et al., in Book of Abstracts “XX
Annual Conf. of Inst. for Nucl. Research of NAS of
Ukraine, January 28 - February 01, 2013 (Kyiv,
2013). - P. 54.

2. V.I Grantsev et al., Izv. AN SSSR, Ser. Fiz. 41, 147
(1977).

3. D.R.Tilley et al, Nucl. Phys. A 745, 155 (2004).
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SUB-BARRIER INTERACTION OF DEUTERONS WITH '**Sn NUCLEI

Yu. N. Pavlenko, V. P. Verbytsky, O. V. Babak, O. I. Rundel,
0. K. Gorpinich, O. D. Grygorenko, A. V. Stepanyuk

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

Investigation of deuteron interaction with heavy
atomic nuclei at sub-barrier energies showed a sig-
nificant effect of polarizability and the breakup
processes on the elastic scattering cross sections.
While the elimination of the incident particle from
the elastic channel for the forward scattering angles
(6<90°) is adequately described by taking into
account polarization and breakup in the Coulomb
field of the target nucleus, at the angles over 90° the
deviation from the Rutherford cross section is sub-
stantially larger and is not described by the theory.

It has been suggested that due to the deuteron
finite size and the asymmetric distribution of its
charge and mass, the external field can polarize the
deuteron, stretching it along the field direction and
thus allows to penetrate into the region of the nu-
clear interaction in spite of the fact that the energy of
the incoming particles is essentially sub-barrier and
classical Coulomb turning points is far away from
the nucleus.

General three-particle equation using the adia-
batic approximation [1] and the results of [2 - 4] can
be reduced to the form

[E, - K, —7(R) =8V (R)+V.(R)x, (R) =0,

where E, is the kinetic energy of deuteron; K PRt
the deuteron center of mass kinetic energy operator;
OV (R) is the complex potential takes into account
the polarizability and the breakup of the deuteron;
V. is the Coulomb potential; 7y, (R) is the deuteron
relative motion wave function; I7N(R)is the single

folded potential of deuteron nuclear interaction with
the target nucleus [2]:

V(R = (0P, BN+, ()]0 )

¢, (7) is the distorted internal deuteron wave func-
tion in the external Coulomb field; V, and V,

denote the neutron and proton nuclear interaction
potentials, respectively.

It was shown that the folding procedure leads to a
significant strengthening of nuclear potentials in the
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peripheral region of interaction. Measured and cal-
culated angular distributions of differential cross
sections for '**Sn(d, d) elastic scattering at the ener-
gies 0f 4.0, 5.0 and 5.5 MeV are shown in Figure.

Calculations were performed without any varia-
tions of the nuclear potential parameters.
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The differential cross sections of '**Sn(d, d) elastic scat-
tering. The experimental values [5] are denoted by trian-
gles and open circles. The results of theoretical calcula-
tions in the framework of the model above are represented
by lines: solid — 4.0 MeV; dashed — 5.0 MeV and dotted —
5.5 MeV.

It is shown that taking into account the finite size
of incident particles leads to a significant increase
the potentials in the peripheral region, what enabled
to significantly improve the agreement of calculated
differential elastic scattering cross sections with
experimental data.

1. K.O. Terenetsky, Sov. J. Nucl. Phys., 37, 698 (1983).

2. Y. Nishida, Progr. Theor. Phys, 19, 389 (1958).

3. V.P. Verbitsky, L.Ya. Zhukalyuk and K.O. Terenets-
ky, Sci. Papers of the Inst. for Nucl. Research, 3, 24
(2001).

4. 0.V.Babak, V.P.Verbytsky and O.D. Grygorenko,
Nucl. Phys. At. Energy, 14, 247 (2013).

5. Yu.N. Pavlenko, K.O. Terenetsky, V.P. Verbitsky et
al., in Book of Abstracts. 2-nd Int. Conf. “Current
Probl. in Nucl. Phys. At. Energy”, June 09-15, 2008,
Kyiv, Ukraine. - P. 179.
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NUCLEAR PHYSICS

PROTON GENERATION IN SPLITTING REACTIONS IN DD-COLLISIONS
(Experimental part)

O. O. Belyuskina, V. I. Grantsev, K. K. Kisurin, S. E. Omelchuk,
Yu. S. Roznyuk, B. A. Rudenko, L. I Slusarenko, B. G. Struzhko

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

Study of processes of interaction of deuterons
with deuterons is an important source of information
about the processes that take place in few-nucleon
systems. Along with elastic scattering of deuterons
on deuterons, fission processes, quasi-free scattering
of deuterons on nucleons, generation of two singlet
deuterons, etc. play an important role. Information
about the above-mentioned processes may be ob-
tained both from analysis of the exclusive experi-
ments of D(d, pn)D, D(d, nd)p, D(d, pd)n,
D(d, 2p)2n type and inclusive experiments that sup-
plement each other.

At the accelerator U-240 of the Institute for Nu-
clear Research of NAS of Ukraine, at energy of
deuterons E4= 36,9 MeV, there were studied inclu-
sive spectra of protons in D(d, p) reaction in energy
range 5 < E, < 40 MeV. Measurements were carried
out on targets CD, and '>C. Proton spectra, obtained
on targets CD, and C at angles of 15 and 30° is
shown in Fig. 1.

= 15°CD, "
| ]
6000 o 18'C I,
* 30°CD, & "
o 30°C o -

4000

2000+

Number of counts

50
Channel number

Fig. 1. Proton spectra on targets CD, and C at angles
of 15 and 30° at energy of deuterons of Eq4= 36,9 MeV.

Energy and angular distributions of protons are
obtained within the range of 15°<6,<55°. Absolute

values of reaction cross-sections are determined with
accuracy of ~15%. Energy spectra are shown in
Fig. 2. Spectra form broad, almost symmetric maxi-
mums and, by their shape, are similar to energy spec-
tra of protons and neutrons from D(d, n) reactions that
1s mentioned in literature at E; = 10 - 60 MeV.

In Fig. 3, there is shown comparison of cross-
sections in maximums of energy distributions of
protons for E4= 36,9 MeV and 59,9 MeV [1].
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Fig. 2. Energy spectra of protons from D(d, p) reaction
at energy of E4= 36,9 MeV.
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Fig. 3. Angular dependence of cross-sections in maximums
of energy distributions of protons at Eg= 36,9 MeV and
59,9 MeV.

Proton cross-sections sharply increase under
small angles. In fig.4, there are given angular distri-

butions of protons from D(d, p) reaction.
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Fig. 4. Angular dependence of differential cross-sections of
protons from D(d, p) reaction at Ey= 36,9 MeV.

1. K. Fukunaga, T. Ohsawa, S. Kakigi et al., Nucl. Phys.
A390, 19 (1982).

33



ABSTRACTS OF WORKS

PROTON GENERATION IN SPLITTING REACTIONS IN DD-COLLISIONS
(Theoretical analysis)

O. O. Belyuskina, V. I. Grantsev, K. K. Kisurin, S. E. Omelchuk,
Yu. S. Roznyuk, B. A. Rudenko, L. I Slusarenko, B. G. Struzhko

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

There were considered three-particle and four-
particle reactions that lead to appearance of protons
in exit channel of the reaction D(d, p). Analysis of
energy and angular distributions of protons in three-
particle splitting reactions was carried out according
to the diffraction theory, developed by V. K. Tarta-
kovsky. Two cases were considered: 1) fission of
incident deuteron and 2) fission of target deuteron.

do/dQdE  mb/sr-MeV

do/dQdE, mb/sr-MeV

Fig. 1. Comparison of theoretical calculations with ex-
perimental cross-sections of protons under the angles of
0,=15°and 0,=30° at E;= 36,9 MeV: [ — energy dis-

tributions of protons according to microscopic diffraction
model; /a — contribution of proton cross-sections from
fission of incident deuteron; /b — contribution of proton
cross-sections from fission of target deuteron. 2 — energy
distributions of protons from the reaction D(d, p) taking
into account np couples in singlet ¢° and triplet ' spin
states.
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Results of calculations according to the diffrac-
tion model of inclusive spectra of protons are given
in Fig. 1, and the results for angular distributions —
in Fig. 2.

The analysis performed has shown that three-
particle fission reactions give essential contribution
into cross-sections for proton generation at small
angles 0,<25° and at angles 0,>25° they are de-

terminative.

140
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D(d,p) 36,9 MeV
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o
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40

204

Fig. 2. Comparison of theoretical angular distributions of
protons from D(d, p) reaction with experimental ones at
Eq= 36,9 MeV. Points — experiment, / — angular distribu-
tions of protons from fission of incident deuteron; 2 —
angular distributions of protons from fission of target
deuteron; 3 — total cross-section from both processes.
Circles — angular distributions taking into account np
interaction in final state.

Analysis of four-particle reactions has shown that
only cross-sections of generation of np couples in
singlet and triplet spin state are essential. Satisfac-
tory correspondence of theoretical and experimental
distributions of protons both by form and by value
was achieved due to taking into account of quasi-
free processes from analysis of three-particle fission
reactions by microscopic diffraction model and
cross-sections for generation of np couples in singlet
and triplet spin states. It is shown that, for the angle
of 6p= 15°, total contribution of cross-sections for

generation of np couples in singlet and triplet spin
states reaches 40 %, and for the angle 6, = 30° it

decreases to 20 - 25 %.

INSTITUTE FOR NUCLEAR RESEARCH NASU



NUCLEAR PHYSICS

CROSS SECTIONS OF THE *H(d, t)ynp REACTION
AT A DEUTERON BEAM ENERGY OF 37 MeV

O. O. Belyuskina, V. 1. Grantsev, K. K. Kisurin, S. E. Omelchuk, Yu. S. Roznjuk,
B. A. Rudenko, L. 1. Slyusarenko, B. G. Struzhko

Institute for Nuclear Researches, National Academy of Sciences of Ukraine, Kyiv

Inclusive *H particle spectra and differential
d G(E ,6)
dEdQ
were obtained at £, = 36.9 MeV. Experiments were
performed with deuteron beam of the variable en-
ergy cyclotron at the Institute for Nuclear Re-
searches (INR, Kyiv). Tritium—titanium (*HTi) and
titanium (T1) targets and charge particle AE-FE tele-
scopes were used in the experiment. Other details of

the experimental technique are given in [1, 2].

Experimental spectra of the *H ions are shown in
the Figure along with simulated ones (curves 1-5)
calculated by the Monte Carlo method taking into
account the nonmonochromaticity of the accelerated
deuteron beam, the target thickness, spectrometer
energy resolution, the beam spot size on the target,
detector aperture, and the target—detector distance.
Differential cross sections were calculated as a non-
coherent contributions of the proton-neutron Final
State Interactions (FSI) in the singlet 'S state (singlet
deuteron) and in the triplet °S; one, sequential decay
via the *H* resonance and the proton (neutron) - triton
Quasifree Scattering (QFS) processes.

Appropriate amplitudes Fs(k»;), Fr(kzs), Fr(kis)
and Fyr(k) were calculated as

cross sections of the *H(d, t)pn reaction

r(k> + o) 1+1-2r/a

, o
2(rk* 12—1/ a—ik) r

with @ = -23.748 Fm, r = 2.75Fm for the 'S, np state
and g = —5.424 Fm, r = 1.75 Fm [3] for the *S, one

F, (k)oo2r—/2,
——E,+il'/2
2n
where y, Er = 2.2 MeV and '= 3.4 MeV are the re-
duced mass, a resonance energy of the neutron-triton
subsystem and the resonance width respectively [4],

FS(T)(k)OO

b

2 do(8)
aQ

|Fe | =00

b

where do(8)/dQis a cross sections of the elastic
scattering proton (neutron) — triton,

ok) = @m) " [ o(F)e " dr

is a Fourier transform of the deuteron wave function
of the Hiilthen type in the space representation [5]
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¢(’”) _ O,B(OL + B) eXp(_OU‘) — exp(_Br)
2B — oc)2 p ,

R=5.0Fm, o’ = mE,, E,=2.2245 MeV, ° = mEj,

do(9)

Ez=59.8 MeV and was taken as a constant.

Simulated distributions are in a qualitative agree-
ment with the experimental ones. Differential cross
sections of a singlet deuteron formation were found to
be about half of those for dineutron in the
*H(d, *He)nn reaction [2]. Such a ratio was foreseen
in the Supermultiplet Potential Model of scattering of
the lightest clusters and was confirmed in experiment
at deuteron beam energy of 13.8 MeV [3].
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Experimental *H spectra and simulated contributions of
the proton-neutron FSI in the °S; state (/); 'S, one (2);
sequential decay via the *H* resonance (3); proton (neu-
tron) - triton QFS (4) and a total simulated spectrum (5).

1. O.0. Belyuskina, S.V.Berdnichenko, V.I. Grantsev,
et al., Yad. Fiz. Energet. 21, 54 (2007).

2. 0.0. Belyuskina, S.V.Berdnichenko, V.I. Grantsev,
et al., Yad. Fiz. Energet. 25, 466(2008).

3. B.G. Struzhko, Izv. Akad. Nauk, Ser. Fiz. 64, 3 (2000).

4. V.. Konfederatenko, B.G. Struzhko, O.M. Povoroz-

nik, Ukr. Fiz. Zh. 39, 393 (1994).

G. Paic, J.C. Koung and O.J. Margaziotis, Phys. Lett.

B32, 437 (1970).
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ELASTIC AND INELASTIC SCATTERING OF "“C IONS BY 'Li AT 115 MeV

A. T. Rudchik', V. Yu. Kanishchev', A. A. Rudchik', O. A. Ponkratenko', E. I. Koshchy?,
S. Kliczewski®, K. Rusek*’, V. A. Plujko®, S.Yu. Mezhevych', Val. M. Pirnak', A.P. Ilyin',
V. V. Uleshchenko', R. Siudak’®, J. Choinski’, B. Czech’, A.Szczurek®

! Institute for Nuclear Researches, National Academy of Sciences of Ukraine, Kyiv
2 V. N. Karazin Kharkiv National University, Kharkiv
? H. Niewodniczanski Institute of Nuclear Physics, Polish Academy of Sciences, Cracow, Poland
* National Centre for Nuclear Research, Warsaw, Poland
’ Heavy Ion Laboratory of Warsaw University, Warsaw, Poland
% Taras Shevchenko National University, Kyiv

Angular distributions of the 'Li + '*C elastic and
inelastic scattering as well as the "Li(**N, .X) reactions
with exit stable and unstable nuclei (Z=3 - 6) were
measured at Elab(nC) = 115 MeV using 2C beam of
Warsaw cyclotron U-200P [1].
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Fig. 1. Typical AE(E)-spectrum
of the "Li("*C, X) reaction products.

The data were analyzed within t coupled-reaction-
channels (CRC) method using nuclear potential of
Woods - Saxon type and Coulomb potential of a uni-
form charge sphere. The elastic and inelastic scatte-
ring, reorientations of 'Li in ground and excited states,
spin reorientation of 'Li and more important one and
two-step transfer reactions were included in a chan-
nels-coupling-scheme.

In Fig. 2, the curves <x> and <x)> show the CRC
calculations for transfers clusters x and x +y, y + x as
well as potential scattering (<pot>) and Li spin reori-
entation (<reor>).

The "Li + ">C potential parameters for ground and
excited states of 'Li and "*C as well as deformation
parameters of these nuclei were deduced. The real part
of the deduced Li + ">C potential is in a good agree-
ment with the double-folding potential (Fig. 3).

36

Typical 4E(E)-spectrum of the "Li(**C, X) reaction
products is shown in Fig. 1. Measured new angular
distribution of the "Li + '°C elastic scattering is shown
in Fig. 2.
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Fig. 2. Angular distribution of the "Li + '2C elastic scattering

at Ei(*C) =115 MeV.
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Fig. 3. The 'Li + '*C potential.

It was found that the potential scattering predomi-
nates over others mechanisms.

1. A.T. Rudchik et al, Nucl. Phys. At. Energy 14, 25
(2013).
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("B, ’Be)"°N REACTION MECHANISMS AND POTENTIAL
OF THE °Be + N INTERACTION

S. Yu. Mezhevych', A. T. Rudchik’, K. Rusek™, E.L Koshchy, S. Kllczewskl, A. V. Mokhnachl
A. A. Rudchik!, S.B. Sakuta R. Sludak B. Czech’, J. Choinski’, A.Szczurek®

! Institute for Nuclear Research, Ukrainian National Academy of Sciences, Kyiv
2 National Centre for Nuclear Research, Warsaw, Poland
? Heavy Ion Laboratory of Warsaw University, Warsaw, Poland
*V. N. Karazin Kharkiv National University, Kharkiv
’ H. Niewodniczariski Institute of Nuclear Physics, Cracow, Poland
% National Research Centre “Kurchatov Institute” Moscow, Russia

Angular distributions of the '*C(''B, *Be)'°N re-
action for ground and excited states of *Be and '°N
were measured simultaneously with the '“C+''B
elastic and inelastic scattering at the energy
Elab.(“B) =45 MeV using "B beam of the Warsaw
cyclotron U-200P [1].

Fig. 1 shows the sum of the “C(''B, *Be)'’N re-
action data for ground and lowest excited states of
"N unresolved in the experiment.
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Fig. 1. Angular distributions of the "“C(''B,’Be)'°N
reaction at the energy Elab,(“B) =45MeV for the
ground and lowest excited states £ of '*N. Curves <E™>
show the corresponding CRC-calculations for deuteron
transfers. Curve X presents incoherent sum of these
CRC calculations.

The "“C("'B, °Be)'°N reaction data were analyzed
within the coupled-reaction-channels (CRC) method
for one- and two-step transfers of nucleons and clus-
ters. In the CRC calculations, the ''B + '*C potential
of Wood - Saxon type deduced from the CRC analy-
sis of the ''B + '*C elastic scattering data was used
for the entrance reaction channel. Spectroscopic
amplitudes of nucleons and clusters needed in the
reaction CRC calculations were obtained within
nuclear shell-model using code DESNA. The
’Be + '°N potential parameters were fitted to de-
scribe '*C("'B, ’Be)'®N reaction data. The ''B + '*C
and *Be + '°N potential parameters are given in the
Table, while the deduced *Be + '°N potential is
shown in Fig. 2.
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Fig. 2. The *Be + '°N potential.

It was found that the deuteron transfer dominates
in this re-action. The corresponding CRC calcula-
tions are shown in Fig. 1.

Parameters of the nucleus-nucleus potentials

Nuclear system f/fe“{/ I\/Il/c:’\/ ;2 cfln'/l’ I\I/Ke S{/ ;”I/l’ ?;Vl’ Ref.
‘Be + N 19.86 164.5 0.800 0.900 3.0 1.250 0.900 [1]
‘Be + N 29.02 174.5 0.800 0.900 5.0 1.250 0.900 [2]
B +C 25.20 266.6 0.750 0.740 7.5 1.345 0.740 [3]

1 S.Yu. Mezhevych et al, Nucl. Phys. At. En. 14, 18
(2013).

2 A.T. Rudchik, Yu.M. Stepanenko, K.W. Kemper et al.,
Nucl. Phys. A860, 8 (2011).

ANNUAL REPORT. -2013

3 S.Yu. Mezhevych et al, Nucl. Phys. At. Energy 13,
123 (2012)
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EHEPTETUYHA 3AJIEXKHICTH IMOTEHIUAJY B3AEMO/IL SIAEP '°0 +'*C

O. A. llonkpartenko, B. B. Yaemenko, 10. O. lllnpma

Tnecmumym soepuux docnioxcenv HAH Yrpainu, Kuis

VY Toii yac sk mpoOieMa BH3HAYEHHS eHepre-
THYHOT 3aJICXKHOCTI TTapaMeTpiB MOTEHITIATY B3aEMO-
Iii JIETKUX YacTHHOK (P, N, 0) 3 SApaMH TOCTaTHHO
JOCIi/)KeHa B IIUPOKOMY Aiana3oHi eHepriil [1], y
BUMAJKY B3a€MOJIii Ba)KKHX 10HIB BOHA 3aJIUIIA€THCS
aKkTyaqpHOW0. BaxianBo moOyayBaTH eHEpreTH4Hy
3aJIeKHICTh TMapaMeTpiB y LIMPOKOMY [iama3oHi
enepriii (1 =100 MeB/aykmnon). lle cnpusarume
3BYKEHHIO HEOJTHO3HAYHOCTEH y BWU3HAYEHHI Mapa-
METpiB MOTEHIIialy, a TAKOX JOMOMOKE MPOTHO3Y-
BaTH AuQepeHIliallbHI Mepepi3u MPyKHOTO, HEempy-
YKHOT'O PO3CISTHHS Ta MEPepi3d 3MUTTS 1 PeaKiii mpu
TUX EHEPTisiX, Uil SKUX HE iICHYye eKCIIepUMEHTAIIb-
HUX JaHUX.

Hamu BUKOHAHO cHCTEMAaTHYHHIA aHaJi3 KYTOBHX
po3moiniB npyskHOro poscisuus saep O + *C npu
42 eneprisix iona '°0O 3 ypaxyBaHHSIM mepepisiB
3JIATTS [HUX SAEP Y paMKax onTH4HOi Mozeni (OM)
(pucyHOK).

OTtpumano HaOOpH HapaMeTpiB ONTHUYHOTO MOTe-
HITiJTy JUISI KOXKHOI 3 42 eHepriii OKpeMo.

BukopucToByroun napameTpu3amio:

pi(ro)(1—exp[(Ey, —E)/ A]),

pz(E) = 0,

o
S0 Ens(°0). MeB  —— V() — WS2
=}
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2N g 75
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[MopiBHSHHS ~EKCHEPUMEHTANEHUX AH(epeHIliaTbHIX

nepepiziB (Y BiTHOIICHHI 10 KYJIOHIBCBKOTO PO3CISTHHS)
. 1 12 .

MPY>KHOT'O PO3CISIHHS %0 +"C3 OM-nepepizamu.

E>E,

=W, W,
E<E, D; s2"p

pl(E) = pi(+oo) + [p,(o) - p[(+oo)] exp(—E / A,‘) P = RWS,CZWS,RWD,CZWD

IUISIXOM  MiATOHKKA — po3paxyHKiB 3a OM 1o
EKCTIEPUMEHTAIIbHUX KYTOBUX PO3IMOJILTIB MPYKHOTO
PO3CIisSIHHS Ta Tepepi3iB 3MUTTS B Jiana3o0Hi eHeprii
Bix 1 mo 100 MeB/HyknoH, Oyno 3HalACHO
EHEPreTUYHY  3aJISKHICTh  YSIBHOI  YaCTHHU
ONITUYHOTO TOTeHiany. EHepreTnyHa 3aiexHICTh
JiicHOl YaCTUHU MOTEHITi ATy BHU3HAYaIach
3aJIeXKHICTIO (OJMIHT-TIOTEHIialy BiJ eHeprii Ta
JIUCTICPCIHUM CIIBBIJHOIICHHSM MK JIHCHOIO Ta
YSABHOK YacTHHAMU TOTeHIliany. Po3paxyHku 3
CGHEPreTHYHO 3aJICKHUM IMOTCHIIAJIOM ONHUCYIOTh
EKCIIEPUMEHTANIbHI TIepepi3u 3aJ0BIIBHO, alie BCE K
TaKH Tipiie, HiXK 13 MOTEHIlaIaMu, 110 3HAWIeH] JJIs
KOXKHOI eHeprii okpeMo. MOXIMBUMH MpPUYHHAMH
TaKOTO Pe3yJIbTaTy, Ha Halll TIOTJISI, €:

HEBPaxyBaHHS 3aJIKHOCTI SJCPHOTO MOTEHIIATY
BiZl OpOiTaIbHOTO MOMEHTY BiIHOCHOTO PYyXY S/IEp;

BUOiIp (opMH EHepreTHMYHOI 3aJeKHOCTI Tapa-
METpPIB caM€ Yy BHUIJISAI BUINCHABEACHOI TMapa-
MeTpH3allii;

ypaxyBaHHS CHEPIeTUYHO! 3aJIC)KHOCTI JIHCHOI
YaCTHHU TOTEHIAly JIMIIEC Yepe3 3aJIe)KHICTh BiJl
eHepril GoaiHr-MOIeNi Ta MONPaBKK BiMOBIAHO 10
JUCTICPCITHOTO  CIIBBIAHOIICHHS; HACMIpaBidi, s
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3aJISKHICTh MOXE OyTH CKJIQJIHIIIOL0;

BIUIMB Ha PO3CITHHS NPH HHU3BKUX EHEPTisx
(< 5+10 MeB/HykioH) pe30HaHCHUX MPOIECIB Yac,
IO TPHU3BOAWTH O MOPYLICHHS TIaAKOi eHepre-
TUYHOI 3aJIe:KHOCTI mapameTpiB OM-noTeHIiany.

Y Xo#i JOCHIPKeHHST €HEPreTHYHOI 3aJICHKHOCTI
napameTpiB yABHOI YaCTHMHU ONTHUYHOTO MOTEHIiamy
BCTaHOBJICHO:

pict 3 eHepriero rmOMH K 00’eMHOi, Tak i
MOBEPXHEBOI YaCTHH MOTEHLiamy, L0 CIocTepira-
JIOCh TaKOX B IHIMUX poOoTax [2], i MOSCHIOETHCS
30UIBLIEHHSIM ~ KUTBKOCTI HEMpPY)KHUX KaHaiB 3
pOoCTOM eHeprii;

3MEHILIEHHS 3 CHEPri€l0 mapaMeTpiB pafiyca sK
00’eMHO1, TaKk 1 MOBEPXHEBOI YAaCTWH IMOTEHIIAJY;
XapakTepHO, 10 paalyc O00’€MHOI YacTUHH
(BimmoBimae 3a 3MUTTS SA€p) € MEHIIMM 3a Pajiyc
MTOBEPXHEBOI (BIAMOBIAAE 32 IPSAMI MTPOIIECH);

piCT 3 eHeprielo mnapaMmeTpiB AUQPY3HOCTI SK
00’€MHOI, TaK i MOBEpXHEBOI YACTHH MOTEHIIATY.

1. F.D. Becchetti ef al., Phys. Rev. 182, 1190 (1969).
2. S. Szilner et al., Phys. Rev. C 64, 064614 (2001).
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IDENTIFICATION OF 0° STATES IN **Th THROUGH B1/B2 RATIOS

A. L Levonl, S. Pascu®

! Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
? Horia Hulubei National Institute for Physics and Nuclear Engineering, Bucharest-Magurele, Romania

The aim of the presented IBM-calculations is to
describe simultaneously both the hadronic (transfer
strength to 0" states) and the existing electro-
magnetic data. The first ones are discussed in
previous annotation. Here we discuss the B1/B2
ratios at decay of 0" states. The quadrupole
electromagnetic transition operator is:

T(E2)=e,0,, (1)

where e, represents the boson effective charge. To
ensure novanishing E2 transitions between the states
containing no pf bosons and those having (pf)’
components we follow the approach described in
Refs. [1], where the mixing of different positive
parity-states with different pf components is
achieved by introducing in the Hamiltonian a dipole-
dipole interaction term of the form:

H,=aD!, -D_, +H.c. )
where

D,y =-2V2[p'd +d"p1" + 5[5 p+ p'5]" +

[ f+ fld]” 3)

is the dipole operator arising from the O(4)
dynamical symmetry limit, which does not conserve
separately the number of positive and negative parity
bosons [2]. The interaction strength is given by the a
parameter and is chosen to have a very small value,
o.=0.0005 MeV, similar to Refs. [1].

For the E'1 transitions, a linear combination of
the three allowed one-body interactions was taken:

T(ED =[x, (s"p+p'HV +(p'd +d"p)" +

+y @ f+ )], @)

where e
transitions and ¥

is the effective charge for the E'1

(5,1;) and Xfij') are model parameters. In

*®Th there are no lifetimes measured for the
negative-parity states, hence no absolute transition
probabilities could be extracted. Therefore we would
restrict the present discussion to reproducing the
B(E1)/B(E2) ratios. A detailed comparison between
the experimental data and the present calculations is
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presented in the Table. The agreement is obtained by
using ;= 0.005 efm and e, = 0.19 eb as the effective
charges in Eq. (4) and (1), respectively. The
remaining E'1 parameters are y,,= 0.4 and y,r =-1.4.

K™ E; (keV) J; Jp1 Jp2 Exp. (107* b)) IBM (107* b1
of 832 0F 17 2f 5.1(4) 6.1
874 2t 37 4f 7.1(15) 7.6

2t 37 2f 24.5(31) 15.2

2+ 37 of 14.7(24) 23.6

2t 17 4f 4.2(9) 4.4

2t 17 2f 14.5(19) 8.9

2+t 17 of 8.7(14) 13.7

968 4% 57 67 22.8(80) 9.2
at 57 4f 10.8(27) 18.2

at 57 2f 6.7(13) 20.7

at 37 6f 19.1(67) 5.9

at 37 4f 9.0(23) 11.8

at 37 of 5.6(11) 13.4

o+ 1176 2% 17 4f 0.060(25) 0.08
2t 17 of 0.25(10) 0.27

2+t 17 of 0.62(28) 0.38

2t 37 4f 0.09(5) 0.16

2+ 37 2f 0.39(20) 0.52

2+ 37 of 0.95(51) 0.72

The B(E1)/B(E2) ratios discussed in Table
belong to the K" =0, (the predicted double-

octupole phonon band) and K™ =0; (f-vibrational)

bands. The comparison between them is important,
because it can be used as a tool for providing
additional information about the nature of the
K™ =0, band. All the states belonging to this band

are having 2pf bosons in their structure and are
supposed to have a double-octupole phonon
character. Further information confirming this
hypothesis comes from the analysis of the £1 and E2
branching ratios. If the picture proposed by the IBM

is correct, the states belonging to the K™ =0, band

will show strong transitions into the negative-parity
states (if they have a double-octupole character),
K" =0;
(p-band) will show very weak E'1 transitions to these
states. The experimental values in Table I fully
confirm this hypothesis, showing that the
B(E1)/B(E2) ratios are at least one order of
magnitude larger for the K™ =0, band.

while the levels stemming from the

1. N.V. Zamfir and D. Kusnezov, Phys. Rev. C 63,
054306 (2001); Phys. Rev. C 67, 014305 (2003).

2. D. Kusnezov, J. Phys. A 23, 5673 (1990); J. Phys. A
22,4271 (1989).
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DESCRIPTION OF THE (p,t) TRANSFER STRENGTHS TO 0" STATES
IN Th IN THE IBM MODEL

0. L Levon', S. Pascu®
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? Horia Hulubei National Institute for Physics and Nuclear Engineering, Bucharest-Magurele, Romania

All previous calculations in the [/BM-spdf
framework with a simplified Hamiltonian [1]
indicated that IBM fails completely to reproduce the
(p,t) spectroscopic factors. The calculated first
excited states were found with a transfer strength of
~1% of that of the ground state and the higher states
were even weaker, whereas experimentally the first
excited state is seen with ~30 % of the ground-state
intensity. Therefore the method [2] was used, where
the addition of the second-order O(5) Casimir
operator in the Hamiltonian can account for the
observed (p,t) spectroscopic factors. The Hamil-
tonian employed is:

A

— 5D ~ ~ A A 0)
H,y=emn,+en,+ed, +k(Q,, Q) +

+a;[(d'd)? x(d'd)]”, (1)
where e,, e,, and e, are the boson energies and n,,
ng, and ny are the boson number operators, & is the
quadrupole-quadrupole interaction strength and a; is
the strength of the O(5) second order Casimir
operator. The L = 0 transfer operator has the form:

PO _ (o f YAV
PV =(a,n,+a,n.)s+

1 1
. )2 1)2 .
va [0, -n, Lo, P[EEDV
N N +1

where iy is the pair degeneracy of neutron shell, Ny
is the number of neutron pairs, N is the total number
of bosons, and a, af, and ay are constant
parameters. The L=0 transfer operator contains two
additional terms beside the leading order term [3].

The Hamiltonian is diagonalized in a Hilbert space
with a number of bosons Nz = ny + ny + n, + ny.
We used an extended basis allowing up to three
negative parity bosons (n, + ny= 3). The vibrational
strengths used in the calculations are e; = 0.2 MeV,
e,=1.0MeV, and e,=1.1MeV, while the
quadrupole-quadrupole interaction strength has a
value of k=-21 keV. The strength of the
O(5) second order Casimir operator is set to
a; =0.053 MeV, while the quadrupole operator

parameters are (\;' =—1.09,%'" =—1).

In Figure we display the calculated two-neutron
intensities for ***Th in comparison to the integrated
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experimental cross sections normalized to that of the
ground state. The calculations reproduce the strong
excitation of the first 0" state at 832 keV in good
agreement with the experiment. The experimental
spectrum of 0" states is dominated also by a single
state located at 2.1 MeV, showing a high cross
section of about 15 % of that of the ground state. In
the IBM, there is predicted a state located at
2.1 MeV, which have the transfer intensities of
about 18 %. This state has a double-octupole phonon
structure. Another state at 2.29 MeV with a relative
cross section of about 7% can be put in corre-
spondence to the in the IBM state at 2.2 MeV also
with a double-octupole phonon structure. The run-
ning sum is taken up to 3.25 MeV, where group of
states with significant transfer strength is predicted
by the IBM. The parameters from Eq. (2) were
estimated from the fit of the known two-neutron
transfer intensities. The values employed in the
present paper are a,= 1.3 mb/sr, a;= -0.4 mb/sr, and
a, =0.03 mb/sr. The location and transfer intensity
of the strongest states is well reproduced by the
calculations.

1. AL Levon ef al., Phys. Rev. C 79, 014318 (2009).

2. S. Pascu, N.V. Zamfir, Gh. Cata-Danil, and N. Margi-
nean, Phys. Rev. C 81, 054321 (2010).

3. F.Iachello, A. Arima, The Interacting Boson Model
(Camb. Univ. Pres., Cambridge, England, 1987).
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METROLOGY MEASUREMENTS AT THE KINR OF NASU TANDEM ACCELERATOR

V. 1. Soroka, V. A. Onischuk, E. M. Mozhzhukhin,
M. V. Artsimovich, I. V. Posmitiukh, A. F. Sharov

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

The renovate approach of the resonance proton
scattering use for the beam parameters check of the
electrostatic accelerators has been suggested in the
paper. Its expediency has been confirmed by ex-
periment. Silicon and oxygen were used as targets.
The silicon targets were of two types of thickness: 1)
the target of complete absorption, 2) the target with
the thickness in which the loss of protons energy
exceeded the width of the selected resonance. The
elastic and non elastic proton scattering from silicon

0,4 ped

0,3

0,2 .

Normalized yield

0,1

| | LT
et

0 : |
3,08 3,09 3,10 3,11 3,12 3,13 3,14 3,15 3,16
Ep (MeV)

were used in region of the 3100 = 2 keV
proton energy resonance (I'= 12,5+ 0,2 keV, I')/T" =
=0,2, j" = 7/2"). The resulting calibration curve for
non elastic proton resonance scattering is shown in
fig. 1 (a). The energy, which existed up to the accel-
erator modernization, is put on the X-axis. The mid-
point of the relative yield rise corresponds to the
~ 3114 keV resonance energy. Thus, the difference
from the real resonance energy equals to ~ 14 keV.

b) 0,3
{
o f 1 6.2kev
[} |
= 0,2 | Ef :lﬁfl
2 ==
2 [ 1A
£ ' \|
S
=4 ~
0,1 e =
3,47 3,48 3,49 3,50
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Energy dependences of the normalized yield: @) of nonelastic scattered protons on silicon
in the 3100 keV resonance region; b) of elastic scattered protons on oxygen in the 3470 keV resonance region.

The oxygen target as component of the surface
oxidizing layer on beryllium had the thickness which
in terms of the loss of proton energy (0,460 keV)
was less than the width of the selected elastic narrow
resonance at the 3470 keV proton energy (I'=1.53 +
+0,2 keV, j© = 5/2°). The form of this resonance for
the scattering angle of 165° is practically symmetri-
cal. The scattering cross-section increases in maxi-
mum approximately twenty times. The resulting
calibration curve for '°O(p, p)'°O elastic proton
resonance scattering is shown in Figure, b. The yield
peak for the thin target is observed near the
3484 keV. Thus, the difference from the real reso-
nance energy equals to ~ 14 keV too. FWHM of the
experimental yield is ~ 6,2 keV. Calculation of the
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beam proton energy scattering gives the value of
+3 keV.

The silicon and oxygen target may be recom-
mended as template for the calibration purposes.
Variable thickness self-supporting silicon targets can
be manufactured by known methods. The thin oxy-
gen targets of the surface oxidizing layer on the
polished beryllium surface are accessible too.

The paper also proposes the modified nuclear-
analytical method of thickness measurement of
nanometer self-supporting films and surface layers.
The method was successfully tested for the purpose
of thickness measurement of the carbon stripper
target for the tandem accelerator. Average thickness
of the trial batch of targets was 20 pg/cm’.
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CORRELATION PROPERTIES OF MOTION THE ACCOMPANYING PARTICLE RELATE
MOTION THE MAIN PARTICLE IN THE RADIOACTIVE DECAY PROCESSES
AND INTERNAL CONVERSION

N. F. Mitrokhovich, V. T. Kupryashkin, L. P. Sidorenko

Institute for Nuclear Research National Academy of Sciences of Ukraine, Kyiv

On motion accompanying particles (electrons
“shake-off”, Auger electrons) strong correlating
motion it with the main (primary) particles (beta
particle, conversion electron) are observed [1 - 4] and
Y(Q) =4nDP/DOP >> 1. Accept to attention that
Y(Q2=0)~ \/Eish , it point to mechanism as magnetic
interaction currents from moving charged particles.

To confirm (or refute) this mechanism, the spatial
correlation of Y(Q) “shake-off” electrons with
relation to beta-particle in the direction of it motion
Y(0), and in opposite direction from it Y(2m), has
been investigated. A similar correlation in the
motion of associated particle (“shake-off” electron
and Auger-electron) relate to the conversion electron
has been investigated also. The experimental
implementation observation of these correlations
accompanying particles relate beta- particles and
conversion electrons transitions 122 E2 and 344 E2
in '’Eu decay is adduced in Figure.

UL
MCP DE/US Ve
— | ~Auger
L ) | e,
& 152 ¥ Em
E

accomp
Ge(Li)

Technique of definition correlating the motion of accom-
panying particle (€sccomp) With main particle (en) at meas-
urement y€ccomp OF Y€, — and yem€accomp OT YEME, - COINC-
dences from a source S 'Eu at registration of €ccomp
electrons on e, -electrons of the secondary electron emis-
sion at () = 0 or directly at QQ = 2. At potentials Us > Uy,
Ugnm = 0 it occurs for Q) = 0 only from emitter Em and
only by lelt MCP-detector of electron. At potentials Ug =
=Ugm > Uy, it occurs for Q = 2x. MCP- detectors (L and
R) are on basis micro-channel plates. Ge(Li) — y- detector.
At Q) =2y activity faces to detector L.

In measurements it is necessary to receive corre-

lation Y(Q = 0) as relation the yield accompanying
electron per one unit decay in direction forward with
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main electron to the yield accompanying electron
per one unit decay in arbitrary direction it relate
main particle electron. It was determined as Y(Q =
=0) = Yield(Q = 0)/ /Yield(Q2 = 41) = (Nye.e./Nye,)
/(Nye,/Ny), because in treble coincidences €;ccomp Can
moves only in direction main electron (see Figure)
for registering by e,-electron from emitter Em. Simi-
lar - for Y(Q2 =27) = Yield(Q2 =27)/Yield(Q=4r) =
(Nyem€ace/Nyem) /(Nye..o/Ny), but detector L are
registering accompanying particle directly.

The obtained data for Y(Q) are listed in the Table.

Correlations properties Y(€2) in motion accompanying
particle relate main particle in the forward direction
(Q2=0) and in opposite direction from her (Q2 = 2m)
in beta-decay and internal conversion

Process, accompanying Y(0) Y(2m)
", “shake-oft” 4.3(5) <0.3
1C 122 E2, “shake-off” 5.6(11)
IC 122, “shake-off’+ Auger 7.5(3) <0.5
IC 344, “shake-off’+ Auger 10(4)
IC 122 E2, M-Auger 10(3)

The data indicate that the correlation properties
of accompanying particles in motion relate the main
particles in the processes radioactive decay and in-
ternal conversion are connected to mechanisms,
which are put in their appearance, as interaction
current components from movement charged parti-
cles in the final state.

1. N.F. Mitrokhovich, in Proc. Int. Conf. “Current Prob-
lems in Nuclear Physics and Atomic Energy” (K.,
20006), p. 412.

2. N.F. Mitrokhovich, V.T. Kupryashkin, Nucl. Phys. At.
Energy 19, 61 (2007).

3. N.F. Mitrokhovich, Nucl. Phys. At. Energy 11, 136
(2010).

4. N.F. Mitrokhovich, V.T. Kupryashkin, L.P. Sido-
renko, Nucl. Phys. At. Energy 14(2), 129 (2013).
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YIELDS OF e,-ELECTRONS FROM THE TARGET SURFACE
AT LOW ENERGIES OF a-PARTICLES

V. T. Kupryashkin, L. P. Sidorenko, A. I. Feoktistov, V. A. Lashko

Institute for Nuclear Research National Academy of Sciences of Ukraine, Kyiv

This work is a continuation of our researches of
the dependence on the yields of near-zero energy
electrons (ey- electrons) coursed by a-particles
bombardment of target in the radioactive decay of
22°Ra (energy range from 4.8 to 7.6 MeV) [1] and on
the cyclotron U-120 (9.7 - 24.3 MeV) [2]. In present
work we measured the yields of e;-electrons (ey) and
fast electrons (es) in the low-energy range (0.9 - 5.5
MeV) under bombardment by a-particles of
aluminum and titanium targets. Yield dependences
of ej-electrons on the energy of a- particles were
measured by the time (ea) — coincidence method.

Al-foils of different thicknesses are used for
changing the energy of the a-particles from the
source of **Pu (Eq, = 5.5 MeV). Two measurements
were carried out for aluminum target and one
measurement for the titanium target. Yields of

electrons is proportional to the detection
probabilities R, R, and Ye, = Rey/eQ), where
e-detection  efficiency, and Q-solid angle.

Measurement results are shown in the table in terms
of R (10) per one a-particle passed through Al- or
Ti- target.

Target
Energy - .
Aluminum Titanium
E, MeV 1 2 Average 3
Reo Ref Reo Ref Reo Ref Reo Ref
5,5 7,21(14) 5,02(7) 6,8(13) 5,08(7) 6,99(10) 5,05(5) 10,51(17) 7,16(9)
4,5 7,89(15) 5,73(8) 8,08(14) 5,64(8) 7,99(10) 5,69(6) 10,84(19) 8,44(10)
3,8 8,86(17) 6,23(9) 8,83(15) 6,21(8) 8,84(11) 6,22(6) 13,1(26) 9,36(13)
3,4 9,11(17) 6,24(9) 9,25(16) 6,43(8) 9,18(12) 6,35(6) 13,52(19) 9,53(13)
2,5 9,75(17) 6,75(9) 10,32(17) 7,13(9) 10,04(12) 6,94(6) 15,04(19) 9,95(10)
2 11,3(18) 7,52(9) 11,14(17) 7,24(9) 11,22(12) 7,38(6) 17,21(22) 10,42(10)

1,5 12,13(20) 7,83(10) 11,16(17) 7,53(10) 11,57(13) 7,68(7) 19,75(33) 11,51(15)
0,9 24,39(31) 12,08(17)

Yields of ej-electrons for a-particles of different
energies E, are well described by the relation Y(Eq)
~Rey~Eq "*~v™! as previously observed in our works
[1, 2] and they are consistent with our view of them
as a result of the shake-off effect: the passage of
alpha particles near the surface of target suddenly
formed a charge that brings the system to a
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perturbation and to shaking of weakly bound
electrons from the surface of target.

1. V.T. Kupryashkin, L.P. Sidorenko ef al., Ukr. J. Phys.
51, 5 (2006).

2. A.O. Valchuk, V.T. Kupryashkin et al., Ukr. J. Phys.
53, 853 (2008).
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LOG ft VALUES FOR BETA-TRANSITIONS AT '"Hf DECAY

A. P. Lashko', T.N. Lashko', V. A. Martinishin’
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According to the newest experimental data, '""Hf
decays (T, = 70 days) by means of electron capture
onto the excited '"°Lu states with energies of 514.6,
432.8, 353.3, and 343.4 keV (see Figure). By meas-
uring the intensity and multipolarity of y-rays one
can determine capture probabilities to different lev-
els of '"Lu and then calculate corresponding log ft
values for B-transitions. Since the probabilities of -
transitions differ by several orders of magnitude
depending on their type, the intensities of transitions
between the levels of daughter nucleus also differ
considerably. This circumstance complicates the
measurements significantly and requires using spec-
trometers with high resolution.

5/2°5/2[512] 70d 0.0

175
EC Hf
3/2 : s1a6¥
70’ 101 s32.8¥
5/2'1/2[541] y i89 3533%
5/2°5/2[402] | ‘ 343.4
353
19 343
i 230
92’ ¢ 113.8
433 114
7/2 7/2[404] v YV VvV 00
175
Lu

The decay scheme of '’ HF.

The relative intensities of y-rays following the
decay of '"Hf were measured with a gamma-
spectrometer that comprises two horizontal coaxial
HPGe-detectors: GMX-30190 and GEM-40195,
having the resolution of 1.89 and 1.73 keV for the
y1332-line of “°Co and efficiency of 33 and 43 %
respectively.

The radioactive '"’Hf sources were obtained in
the (n,y) reaction at a research nuclear reactor
WWR-M. Natural hafnium targets were used for the
purpose.

The standard *°Co, *’Ba, '*'Cs, '**Eu, ***Th, and
' Am y-sources were used for accurate calibration
of detectors for the energy range of 26 to 1620 keV.
The shape of the efficiency curve is well described
by the Campbell function [1]. The uncertainty in the
efficiency curve of both detectors does not exceed
2 % throughout the energy range.

To minimize possible systematic errors a series
of measurements were performed — using different
types of detectors, at different geometries, at differ-
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ent gains and channel widths of an amplitude-to-
digital converter (8192 and 16384 quantization lev-
els of the input signal) — 38 series of measurements
in all.

The results of these measurements are listed in
Table 1. The data from compilation [2] is also
shown. The y-ray energies were taken from Ref. [3].

Table 1. The relative intensities of y-rays
from the '"Hf decay

. Intensities, relative units
Energies, keV Present work [2]
89.362 345+ 1.5 286+2.2
113.801 3.46+0.20 35+03
161.20 0.45+0.14 0.27+0.10
229.609 8.29+0.19 8.13+0.20
318.971 1.57+£0.23 2.0+0.5
343.410 1000 1000
353.3 2.66+0.18 2.72+0.20
432.771 17.5+04 17.1£0.3

On the basis of data quoted in Table 1 and inter-
nal conversion coefficients from Ref. [2], the values
for the population of levels in '“Lu at the '"Hf de-
cay were determined.

These values were used to calculate log ft of
B-transitions. The results of calculations are pre-
sented in Table 2. The B-ray branching ratios (%) is
also shown.

Table 2. The electron capture branching ratios

and log ft values of '""Hf
E(level), keV Ie, % Log f
514.6 0.076 +£0.024 9.24+0.14
432.8 20.1£0.8 7.27+0.02
3533 0.155+0.028 9.66 +0.09
343 .4 79.6+1.2 6.99 +0.02

The obtained values of log ft for B-transitions do
not contradict the corresponding systematization in
this nuclear range [4].

1. L.A. McNelles and J.L. Campbell, Nucl. Instrum. Me-
thods 109, 241 (1973).

2. M. Shamsuzzoha Basunia, Nucl. Data Sheets 102, 719
(2004).

3. A.P. Lashko and T.N. Lashko, Nucl. Phys. At. Energy
13,7 (2012).

4. B. Singh, J.L. Rodriguez, S.S.M. Wong, and J.K. Tuli,
Nucl. Data Sheets 84, 487 (1998).
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K X-RAYS FROM '""Lu DECAY

A. P. Lashko, T. N. Lashko, A.N. Savrasov, V. A. Zheltonozhsky

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

Over 50 y-transitions in the energy range from 14
to 465keV are excited by the decay of '"™Lu
(T, = 160.44 days).While the intensities of y-rays
for energies above 100 keV are well known (not
without our participation), the region below 100 keV
is poorly understood. It is not better regarding the
7y X-ray spectrum measurements. Our current
research was to clarify all controversial questions in
this area.

Low Energy Photon Spectrometers (LEPS) were
used for the energy range below 100 keV: SLP-
04160 (12.5 mm®, Si(Li), planar) and GLP-10180
(80 mm? x 7 mm, HPGe, planar) with FWHM (full
width at half maximum) 160 and 180 eV at 5.9 keV
of *°Fe respectively.

The radioactive '""™Lu sources were obtained in
the (n, y) reaction as a result of enriched to 27.1 % in
176 mass number lutetium target irradiation with
neutrons at the research nuclear reactor WWR-M.
The measurements of gamma-ray spectra started two
months after the end of irradiation so that '""Lu
(Ty, = 6.647 days), having much larger activation
cross-section, must have decayed en masse.

The y-ray spectra were analysed using WinSpec-
trum, a computer program which allows determining
with high precision the energy and intensity of com-
ponents that have an asymmetric line shape and the
ones that are overlapping.

It should be noted that the y55 keV cannot be re-
solved in a spectrum with the K X-rays of hafnium.
When decomposing this part of y-spectrum we exer-
cised the fact that the energy of y55 is known with
high accuracy as well as the energy of X-rays. The
position of y55 keV in the spectrum was tethered to
the Hf Ka; line, and during the fitting process dis-
tance between these peaks remained constant. Be-
sides that, the intensities of X-rays, which are also
known with high accuracy - better than 2% [1], were
controlled.

The result of fitting part of y-spectrum of '""Lu
near the y55 keV line is shown in Figure for illustra-
tion purposes. The experimental values of relative
intensities of Ko, and Ko; lines of hafnium
(Hf Kow/Hf Kot1)exp = 0.569 £ 0.002 are also in a
very good agreement with adjusted experimental
values from the tables of Salem ef al. [1]
(Hf Ko/Hf Koty )saiem = 0.572 £ 0.011.  These facts
directly confirm that the systematic errors are insig-
nificant, and our estimates on the intensity of the
v55 keV line are correct.
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Partial y-spectrum of '”"™Lu in 52 to 57 keV energy range
obtained by means of planar Si(Li)-detector SLP-04160.

The results of these measurements are listed in
Table. The data from Ref. [2] is also shown. The
K X- and y-transition energies are taken from
Ref. [3] and Ref. [4].

The relative intensities of K X- and y-rays
from the """Lu decay

. Intensities, relative units
Energies, keV | Comments Present work 2]
52.965 LuK, 340+1.7 67+5
54.070 Lu K, 61.0+£3.7
54.611 Hf Ky 2009 | >0*20
55.168 Y 13.5+£1.0
55.790 Hf K, 367+ 15 508 +29
61.219 Lu K 19.1+£1.3 30.6+2.1
63.166 Hf K/
+ +
63.200 Lu Ky’ 126+6 17210
65.211 Hf Kp,' 354+1.9 44 +3
71.642 Y 6.64 +0.32 7.7+£03
105.3589 Y 100 100

Intensities of '""™Lu K X-rays measured by au-
thors of Ref. [2] using a 1cm’ planar Ge(Li)-
detector with the resolution of 0.8keV at
122 keV line are (1.2 +2.0) times greater than our
values. Relative K X-ray emission rates for lutetium
and hafnium calculated based on our data are in
good agreement with the values from the tables [1],
while the data from Ref. [2] are not.

1. S.I. Salem, S.L. Panossian, and R.A. Krause, At. Data
and Nucl. Data Tables 14, 91 (1974).

2. V. Hnatowicz, Czech. J. Phys. B31, 260 (1981).

3. J.A. Bearden, Rev. Mod. Phys. 39, 78 (1967).

4. F.G.Kondev, Nucl. Data Sheets 98, 801 (2003).
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INVESTIGATION OF 12" HIGH SPINS ISOMERIC STATES
IN " Au NUCLEI IN (p,n)- REACTIONS

I. N. Vishnevsky, V. A. Zheltonozhsky, A. M. Savrasov, E. P. Rovenskykh

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

Investigation of isomeric ratios is a common type
obtaining information both concerning structure of
excited levels of atomic nuclei and concerning nu-
clear reactions mechanism. Choice of (p,n)-reaction
in nearthreshhold energy region of projectiles and at
great spins difference of ground and isomeric states
of residual nucleus allows to evaluate the contribu-
tion both of nonstatistical channel and the structure
of excited levels of residual nucleus in nuclear reac-
tion mechanism. It can be done by comparison of the
experimental and theoretical values of isomeric
cross-sections ratios. It should be noted that for low
energy protons this evaluation can make more
uniquely. Earlier we studied the population of iso-
meric states with 12~ high spins in "**'**Au nuclei in
reactions with deuterons and gamma-rays [1]. So,
considering all above mentioned points, there is
scientific interest to continue investigation of these
levels population in (p,n)-reaction.

Targets were made of metallic foils of Pt (natu-
ral isotopic composition or '*°Pt enriched to 99%)
with thickness of 20-30 um. They were irradiated by
protons with 6.8 MeV energy value on U-120 accel-
erator. Gamma-spectra of the reaction products were
measured on the HPGe-spectrometers with energy
resolution 1.8-2 keV for the 1332-keV y-line of
%Co and detection efficiency of 15-40% in compari-
son with a 3'x 3’ Nal(TI)-detector.

Gamma-spectra fragments were showed on figure
1. Evidently, the "“""™£Ay activities have been
reliably observed. Using obtained experimental data
and tabular quantities such values of the isomeric
cross-sections ratios have been measured: for
Pt(p,n) ™A - G,./0, (2,3+0,4)-10*;  for
¥Pt(p,n)'*™EAU - 6,/0, = (7,8+1,5)-10™.

The calculation of the cross - sections ratios was
done using TALYS-1.4 code [2]. There are statisti-
cal and preequilibrium mechanisms of the nuclear
reactions in this code. In the process of calculation,
using default parameters given in TALYS-1.4, 12
isomeric levels are not populated. With regard to all
above — stated we can do conclusion that there are
perhaps high-spins excited levels, which populate
isomeric states or possible significant contribution of
direct mechanism in the population of these 12" lev-
els.
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LN. Vishnevsky, V.O. Zheltonozhsky, E.V. Kulich et
al., Bull. Rus. Acad. Sci. Phys. 72, 1577 (2008).
A.J.Koning, S.Hilaire, and M.C. Duijvestijn, in
Proc. of the Int. Conf. on Nuclear Data for Science
and Technology, 2004, p.1154.
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Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

'2°Sb decay provides a rare opportunity to
investigate penetration effects in £1- and E2-tran-
sitions, since the excited states of '*°Sn which are
populated in this decay, then depopulate via
inhibited £1- and E2-transitions.

In this paper, '*’Sb decay to '*’Sn excited states is
studied. Measurement of single y-spectra and yy-
and Kyy-coincindence were performed. From these
data, internal conversion coefficients (ICC) on
K-shell and total ICC for the inhibited E1-and
E2-transitions were determined.

For such measurements precise calibration of the
spectrometer in the low and high energy range
becomes a critical factor. The spectrum of '**Ta decay
is almost perfect for our calibration purpose. y-spectra
of both '®*Ta and '*’Sb decay, consist of two similar

fragments, and the errors of needed **Ta y-transitions
is about (0.3 - 0.6) %.

Following abovementioned, we prepared '*’Sb
source obtained in (p, n)-reaction (Eg =6.8 MeV) on
tin target enriched up to 98 % of '*°Sn. Irradiation
was carried out in U-120 accelerator of KINR. The
activity of '"¥Ta was accumulated in (n, y)-reaction
at KINR WWR reactor. The thickness of targets was
about 25 - 30 mgrem’. The measurements were
performed using HPGe-spectrometer with beryllium
input window. The spectra were processed with
WinSpectrum software, the fitting errors were of
order of (0.1-0.2)%. The resulting intensity of
v-lines with the energy of 89 keV and 197 keV
accompanying '*’Sb decay, total ICC with their
relative deviations from the tabulated data are given
below in the Table.

Gamma intensity, ICC, relative ICC deviation and nuclear penetration parameters

Ey, keV Iy, % Og 6(1](, % Olgot Samt, % FW )\4 )\«2
89 78.1(5) | 0232(9) | 89(42) | 0268(8) | 8.5(32) | 18000 | 3.6+ 1.6 ~ 100
197 86.2(5) | 0.136(7) | 13.8(58) | 0.161(7) | 9.9(48) | 260 642 ~ (100 - 200)

To determine ICC on K-shell the relative
intensity of y- and Ky-transitions was compared. The
spectra of yy- and Kyy-coincidence were measured
using Compton suppression spectrometer with
Ge-detector having an input beryllium window to
allow the registration of y-rays above 5 keV energy.
For this decay scheme the measurement of relative
intensities of certain y-transitions and the
corresponding X-ray photons allows to determine ok
for both £2- and E1-transitions using the expression
ok = Ixc / (0x-1)), where I, and Ik, are the relative
intensities of y-transition and X-rays, and g is
fluorescence yield.

The following table summarizes our findings
about the ICC and their relative deviation from the
tabulated values of da = |Olexp - Oltab| / Gan. One can see
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that significant anomalies are observed in ICC of
El1- and FE2-transitions. To assess the role of
penetration effects in electrical transitions one
should have two or more experimental values of
ICC, as the expression for the ICC has two nuclear
penetration parameters: Olexp(EL) = Olp(1 + MA4; +
+ }\,12142"" }\QA} + 7\,22144 + }bl}bzAs), where A,' are
electronic parameters. Parameter A; corresponds
mainly to the spin current and, consequently, to the
transient toroidal momentum, while A, is due to
convection current.

Obtained values for nuclear penetration parame-
ters are shown in the Table. Also the contribution of
spin current to the matrix element of y-radiation of
E1 transition was determined: K, = - (0.5 + 0.2)%.
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Double-beta (2) decay is a process of transfor-
mation of a nucleus (A, Z) either to (A, Z +2) with
simultaneous emission of two electrons (2 decay)
or to (A,Z-2) through one of the following ways:
emission of two positrons (2p"), capture of electron
and emission of positron (¢B"), or double-electron
capture (2¢) [1]. The two-neutrino (2v) double
decay, in which two (anti)neutrinos are also emitted,
is allowed in the standard model (SM) and registered
for 13 nuclei; however, being a second-order process
in the weak interactions, it is characterized by very
long half-lives in the range of 10'%-10** yr. Neutri-
noless (0v) double B decay is predicted by many SM
extensions but not registered yet, however, with
positive claim for "°Ge [2] which is not confirmed
by other experiments.

%Ru is one of the only six isotopes where decay
with emission of two positrons is allowed thanks to
the high energy release of 2714.51 keV. It also has a
quite large natural abundance of 5.54 %. Moreover,
in the case of the capture of two electrons from the
K and L shells or both from the L shell, the decay
energies are close to the energy of the excited levels
of Mo that could give rise to a resonant enhance-
ment of the process by few orders of magnitude [3].

An experiment to search for double B decay proc-
esses in “°Ru and '™Ru, which are accompanied by y
rays, has been realized in the underground Gran Sasso
National Laboratories of the INFN (Italy). Ruthenium
samples with masses of = 0.5 - 0.7 kg were measured
with the help of ultralow-background high-purity Ge y
ray spectrometry. After 2162 h of data taking, the
samples were deeply purified to reduce the internal
contamination by *K. The last part of the data has
been accumulated over 5479 h with the Ru sample of
719.5 g in the GeMulti set-up with 4 HPGe detectors
225 ecm’ each. Comparison of the spectra measured
with the initial Ru, purified Ru and background is
given in Figure. New improved half-life limits on
2B"/ep"/2¢ processes in “°Ru have been established on
the level of 10% yr, few times better than in our previ-
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ous measurements [4] and in a recent experiment by
other group in the HADES underground laboratory
[5]. Various 2p2v and 2B0v half-lives of *Ru have
been estimated in the QRPA framework. In addition,
the T, limit for 23 transitions of ™Ry to the first
excited state of '**Pd has been set as 6.5x10% yr. The
results are published in [6].

a0, .
K, 1460.8 — Ru, 1153 h

—— Ru-pur, 5479 h
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The energy spectra accumulated with the initial Ru sam-
ple over 1153 h (Ru) and with the purified Ru over 5479 h
(Ru-pur) in comparison with the background (Bg) of the
GeMulti ultra-low background HPGe y spectrometer
measured over 7862 h. The energies of y lines are in keV.
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Osmium contains two potentially double [ active
isotopes: '™Os (decay energy O»p = 1453.7(0.6) keV
[1]; isotopic abundance & = 0.02(1) % [2]; 2¢ and &f")
and '?Os (O = 412.4(2.9) keV [3]; 5 = 40.78(19) %
[2]; 2B ). There is also a possibility of a resonant
enhancement of the Ov double-electron capture in
'¥0s to a few excited levels of "**W. The most prom-
ising of them is the level (0)" 1322.2 keV [4].

An experiment to search for double  decay of
osmium has been realized for the first time with the
help of an ultra-low background HPGe y detector
GeCris (with a volume of 465 cm’) at the under-
ground Gran Sasso National Laboratories of the
INFN (Italy). After 2741 h of data taking with a 173
g ultra-pure (more than 99.999 % purity grade [5])
osmium sample, limits on double B processes in
'"0s have been established at the level of
Tin~10"- 10" y (see Table). Possible resonant
double-electron captures in '**Os were searched for
with a sensitivity of T, ~ 10" y. A half-life limit
T1,>53-10"y was set for the double p decay of
%205 to the first excited level of '*Pt.

Half-life limits on 2f processes in '*Os and '*Os

Level of ..
o | S| PO

nucleus (keV) o
(2v+0v) ep” g.s. >2.5-10"°
Qv +0v) ep” 27 (111.2) >25-10"°
2v2K 27(903.3) >32-10"°

0" (1002.5) >38-10"
0v2K g.s. >2.0-10"
0v2e 27 (903.3) >2.8-10"

0" (1002.5) >3.5-10"
Resonant OvKL 0y (1322.2) | >2.8-10"
9205—12pt 2" (316.5) >53-10"
2v+0v) 2B
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The radiopurity of the osmium sample has been
investigated and radionuclides *’Cs, '®Os and *’Bi
were detected in the sample, while activities of YK,
%Co, **°Ra and ***Th were limited at the ~ mBq/kg
level. The energy spectra of accumulated data are
presented in Figure.
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Energy spectra measured with the ultra-low background
HPGe vy spectrometer with the osmium sample over
2741 h (Os) and without the sample over 1046 h (Back-
ground). The energies of the y lines are in keV.
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The results of this work are published in [6].
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It has long been experimentally known that emis-
sion of P particles in B decay sometimes is accom-
panied by y quanta (this phenomenon is called inter-
nal bremsstrahlung, IB) or by e'e pairs (internal
pair production, IPP) [1]. For a decay, the IB proc-
ess is also known (see e.g. [2] and refs. therein)
while the [PP phenomenon was observed previously
in 1973 - 1990 only in 3 works due to its extremely
low probability of ~10~ (see Table).

Intensities of ¢'¢” emission in o decay
of heavy nuclei (in 10™° units)

Source Experiment Theory
%o 53+1.7  [3] 44 [6]
py 7+9 [3] 22 [6]
1 Am 3.1+0.6  [4] 12 [4]
2154025 [3] 23 [6]
1807 [5]
470+0.63 [7]
* This work

In the present work, a new search for production
of correlated e'e” pairs in the a decay of **' Am has
been carried out deep underground (3600 m w.e.) at
the Gran Sasso National Laboratory of the INFN
(Italy). It is worth noting that this is the first result
on IPP obtained in an underground experiment that
allows to suppress background from e'e” production
by cosmic rays.

Some detectors of the DAMA/LIBRA set-up,
built from 25 Nal(Tl) crystal scintillators with mass
of 9.70 kg each, were used in pairs to detect double
coincidences of events with energy around 511 keV
in faced pairs of detectors (other Nal(Tl)’s served as
anticoincidence shield). Six pairs of the detectors
were used in the 1¥ run (1.29 d) and three pairs in
the 2™ (2.63 d). Background was measured during
24.6 d. Activities of *'Am sources were around
30 kBq. The results are shown in Figure.

Many side reactions were analyzed which could
imitate the observed effect, but they cannot explain
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the measured excess (see details in [7]). A relative
activity is A(ae’e )/A(a) = (4.70 + 0.63) - 10~ for
the IPP with respect to the alpha decay of **'Am.
This value is of the same order of magnitude as pre-
vious determinations. In a conservative approach the
upper limit < 5.5 - 1077 (90 % C.L.) can be derived.
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a) Experimental coincidence scatter plot of the faced
Nal(Tl) detectors for 3.92 d; b) background data accu-
mulated during 24.6 d (normalized to 3.92d);
¢) simulation of **'Am a decay in accordance with [8];
d) simulation of ¢” annihilation within the **' Am sources.

The results are published in [7]. Further investi-
gations are foreseen in the future.
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Lithium molybdate crystal was proposed and stu-
died as scintillating bolometer to search for neutri-
noless double beta (0v2p) decay of '"’Mo in [1].
Radioactive contamination of the material was esti-
mated in [2] with the help of low background HPGe
gamma spectrometry. '’Mo is one of the favorite
isotopes in searches for 0v2f decay because of very
promising theoretical estimations of the decay prob-
ability (see [3] and references therein), high energy
release Opg = 3.034 MeV and quite big natural abun-
dance 6 =9.82 % which can be relatively cheaply
increased by centrifugal method.

A 33 g Li,MoQy crystal was tested as scintillat-
ing bolometer for more than 400 h in a dilution re-
frigerator installed at the underground laboratory of
Laboratori Nazionali del Gran Sasso (Italy). Low
temperature scintillating properties were investi-
gated by means of different alpha, beta (gamma) and
neutron sources, and for the first time the light yield
for different types of interacting particle is esti-
mated. The detector shows great ability of tagging
fast neutron interactions. We demonstrated the de-
tector ability to identify neutrons from beta (gamma)
and from alpha events. This feature is important for
direct dark matter searches, where high energy neu-
trons may induce an unavoidable background in the
region of interest.

Radioactive contamination of the crystal was
tested in the low background run. The light versus
heat signals scatter plot for the 344 h low back-
ground measurement with the Li,MoQO, crystal is
presented in Figure. The radiopurity of the detector
was estimated to be on the level < 0.09 mBq/kg for
%0 and < 0.11 mBq/kg for ***Th. Contamination of
the crystal by *'°Po is 0.729 + 0.016 mBg/kg.
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The radiopurity level and the scintillation proper-
ties make the studied compound a good candidate
for the search of 0v2B decay in '*Mo, also because
of the large fraction of molybdenum with respect to
the total mass of the molecule (55 %).
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Light versus heat signals scatter plot for the 344 h low
background measurement with 33 g Li,Mo0Q; scintillating
bolometer. Gamma (beta) events are clearly separated
from alpha particles. The alpha events with the energy up
to 2.3 MeV are due to the samarium source used for cali-
bration, while the alpha events at ~ 5.4 MeV are due to
contamination of the crystal by *'°Po.

The results of this work are published in [4].
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Zinc molybdate (ZnMoQy) crystals are an excel-
lent candidate material to fabricate scintillating bo-
lometers for the study of neutrinoless double beta
decay of '"Mo [1-3], provided that the crystal qual-
ity meets strict optical, thermal and radiopurity re-
quirements. We have performed characterization of
improved crystalline samples grown by the low-
thermal-gradient Czochralski technique.

Transmittance measurements confirm significant
improvement of the material with respect to previ-
ously developed samples (see Figure).

Luminescence properties (emission spectra, de-
pendence of intensity on temperature, thermally
stimulated luminescence and phosphorescence) have
been studied under X ray excitation from liquid-
helium to room temperature. The studied sample
shows intensive thermo stimulated luminescence at
~ 75 K and intensive phosphorescence after irradia-
tion of the sample at a temperature of 8 K. Both the
phenomena indicate the presence of defects and
impurities in the crystal. This shows that there are
still margins of improvement of the material quality.

The index of refraction was measured in the
wavelength interval 406-655 nm. The crystal was
found to be biaxial with refractive indexes in the
range of 1.87-2.01.

Samples of ZnMoO, crystals with masses of 5.07
g and 23.8 g were operated as scintillating bolome-
ters at temperatures below 30 mK, with simultane-
ous detection of scintillation and heat signals, con-
firming an excellent alpha/beta rejection power.
Radioactive contamination of the ZnMoQ, crystal
was estimated by using data of cryogenic measure-
ments. It confirms the improvement of ZnMoO,
crystal radiopurity as a result of purification per-
formed with the aim to enhance the optical quality
of the material.
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The light collection from ZnMoQ, scintillators
was Monte Carlo simulated, analysing different
crystal size, shape and surface properties and differ-
ent photodetector sizes. The simulations show the
advantages of hexagonal (or at least octahedral)
crystal shape in comparison to cylindrical. Scintilla-
tors surfaces should be diffused to provide better
light collection and uniformity.

Transmission (%)

300 400 500 600 700 800 900 1000

Wavelength (nm)
Optical transmission curve of the improved ZnMoO,
crystal of thickness 5 mm developed in the present work
(3). Data for ZnMoO, samples produced in [4] (1) and in
[5] (2) are given for comparison.

A paper describing the results of this work is
published in [6].
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Astrophysical observations have given evidence
for the presence of Dark Matter (DM) on all astro-
physical scales and many arguments have also sug-
gested that a large fraction of the DM should be in
form of relic particles. There is a range of experi-
ments aimed to detect nuclear recoils produced by
dark matter interaction with matter. In the direct
search for DM, a positive model independent result
has been obtained at about 9¢ C.L. for the presence
of DM particles in the galactic halo by the DA-
MA/Nal and DAMA/LIBRA experiments [1 - 3]
exploiting the DM annual modulation signature [4,
5] in highly radio-pure Nal(T1) target over 13 annual
cycles.

A different possible approach is the directionality
[6], in principle effective just for those DM candi-
date particles able to induce nuclear recoils. In the
anisotropic scintillators the light output and the
pulse shape for heavy particles (p, o, nuclear recoils)
depend on the direction with respect to the crystal
axes; the response to y/p radiation is isotropic in-
stead. This feature offers the possibility to study the
directionality approach, which is applicable in the
particular case of those DM candidate particles in-
ducing just nuclear recoils.

Among the anisotropic scintillators, the ZnWO,
has unique features, which make it an excellent can-
didate for this type of research. A possibility to use
the dependence of ZnWO, scintillation pulse shape
on direction of irradiation by high ionizing particles
to search for diurnal modulation of DM particles
inducing recoils was pointed out for the first time in
[7]. If an experiment performed at a latitude similar
to, e.g., the latitude of the Gran Sasso National La-
boratory (42°27" N latitude) at a certain time of the
day the DM particles come mainly from the top,
while 12 h later they come near the horizon and
from North (see Figure). Thus, if a scintillator with
an anisotropic light yield is considered (it should be
noted ZnWOQy, is a strongly anisotropic scintillator), a
suitable arrangement for such an experiment is to
install the setup with the detectors’ axis having the
largest quenching factor value in the vertical direc-
tion, and with the axis having the smallest quench-

ANNUAL REPORT. -2013

ing factor value towards the North. In this way, the
behaviour of the energy spectrum of the DM in-
duced nuclear recoils diurnally varies and, therefore,
also the counting rate. A similar approach can be
repeated also when considering the anisotropic re-
sponse of the scintillation decay kinetics (again it is
the case of ZnWO,).

DM mean _ D}-_{ mean
direction in the direction in the
evening morning

Schematic representation of the experimental approach to
detect direction of recoils after interaction of dark matter
particles. The detector is considered here as placed at the
Gran Sasso laboratory (LNGS) with the axis in the verti-
cal direction and another axis pointing to the North. The
area in the sky from which the dark matter particles are
preferentially expected is highlighted [8].

To conclude, an experiment with ZnWQO, scintil-
lators could represent a first realistic attempt to in-
vestigate the directionality of dark matter. The re-
sults of this work are published in [9].
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RADIOACTIVE CONTAMINATION OF ’Lil(Eu) CRYSTAL SCINTILLATORS

P. Belli', R. Bernabei'?, S.V. Budakovsky’, F. Capella*’, R. Cerulli®, F. A. Danevich’,
S. d’Angelol’z, A. Incicchitti*®, M. Laubenstein®, D. V. Poda’, O. G. Polischuk®’, V. L Tretyak7

! Istituto Nazionale di Fisica Nucleare, Sezione di Roma “Tor Vergata”, Rome, Italy
? Dipartimento di Fisica, Universita di Roma “Tor Vergata”, Rome, Italy
3 Institute for Scintillation Materials, National Academy of Sciences of Ukraine, Kharkiv
* Istituto Nazionale di Fisica Nucleare, Sezione di Roma “La Sapienza”, Rome, Italy
3 Dipartimento di Fisica, Universita di Roma “La Sapienza”, Rome, Italy
¢ Laboratorio Nazionali del Gran Sasso, Istituto Nazionale di Fisica Nucleare, Assergi (AQ), Italy
7 Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

The europium doped lithium iodide (Lil(Eu))
scintillator is known since about 70 years [1]. Single
Lil(Eu) crystals, in particular enriched in °Li, are
used for a long time for efficient neutron detection
(see e.g. Refs. [2 - 5]).

Recently, Lil(Eu) scintillators were proposed to
search for the resonant capture of axions possibly
emitted in the solar pp-cycle by excited 'Li [6]. Tak-
ing into account the high natural isotopic abundance
of 'Li (92.41 %), different Li-containing targets have
been already used in several solar axions experi-
ments (see Ref. [7] and references therein). In order
to search for solar axions, one of the main require-
ments for the targets is the achievement of a level of
radioactive contamination as low as possible. The
radiopurity plays an important role also in other
applications of scintillation detectors, including neu-
tron detection.

Two 'Lil(Eu) single crystals (@20 x 20 mm, with
masses of 26 g each one) grown by the Bridgman—
Stockbarger method in the Institute of Scintillation
Materials (Kharkiv, Ukraine) were used in the pre-
sent study. The enrichment of the lithium used for
the crystals growth in 'Li was 99.9 %. The radioac-
tive contamination of the samples was tested by
using two different low background techniques: (1)
as a scintillator in a low background set-up at sea
level; (2) with the help of ultra-low background
HPGe gamma spectrometry deep underground.

The energy spectrum measured with the "Lil(Eu)
scintillation detector in the low background set-up at
the sea level in the Institute for Nuclear Research
(Kyiv, Ukraine) is presented in Figure. There are no
peculiarities in the spectrum which could be inter-
preted as internal contamination of the scintillator.
Therefore, we have estimated only limits on radioac-
tive contamination of the detector. Besides, the scin-
tillators were measured with the help of ultra-low
background y spectrometry deep underground in the
Gran Sasso National Laboratories of the INFN (It-
aly). Finally, no radioactivity was detected in the
detectors on the level of sensitivity 1 mBq/kg for
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226Ra, *Th, *'°Po, 10 mBq/kg for Co, ¥7Cs and
296y, 0.1 — 1 Ba/kg for K, *°Sr and *'°Pb. This
makes the detector promising for low counting ap-
plications, including solar 'Li axions search.
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The energy spectrum measured with the "Lil(Eu) scintilla-
tion detector over 126 h in the low background set-up at
the sea level. The fit of the spectrum in the range (220 -
4400) keV is shown together with the main components
of the background. (Inset) High energy part of the spec-
trum where o peak of *'°Po is expected. Fit of the data is
shown by the solid line, while the exponential background
model and o peak of *'’Po excluded at 90% confidence
level are shown by the dashed lines.

The results of this work are published in [8].
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NEW LIMITS ON HEAVY STERILE NEUTRINO MIXING IN *B DECAY
OBTAINED WITH THE BOREXINO DETECTOR

V. V. Kobychev
(on behalf of the Borexino Collaboration)
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If heavy sterile neutrinos with mass m, 2>2m,

are produced in the Sun via the decay *B — *Be +
+e" + vy in a side branch of the pp chain, they
would undergo the observable decay into an elec-
tron, a positron and a light neutrino vy; — v, + e +
+ ¢ . In the present work Borexino data were used to
set a bound on the existence of such decays. Thanks
to the uniquely low radioactive background and
large target mass of the Borexino detector [1], new
limits on the mixing parameter |U,|* of a hypotheti-
cal massive neutrino to the electron neutrino have
been set. We constrain the mixing of a heavy neu-
trino with mass between 1.5 and 14 MeV to be |U,*
< (107 - 4 - 10°°), respectively. These limits are ten-
to 1000-fold stronger than those obtained by ex-
periments searching for v;; — v, + e + e decays at
nuclear reactors and 1.5 - 4 times stronger than those
inferred from decays of ©° — vy + €" in accelerators
(see Figure).

The work has been published in [2].
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Limits on the mixing parameter |U,;|* as a function of
neutrino mass m, (90 % C.L.): I - present work excludes
values of |U,y* and m, inside region 1; 2 - upper limits
from reactor experiments on the search for the decay of
vy — V. + e + e due to W-exchange mode [3];
3 - upper limits from ©° — vy + e* decay [4].
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In the present work, we have studied the alpha
decays of **Po into *'°Pb and of **Po into **Pb.
The decays are tagged by the coincidence with the
preceding B-decays from *'*Bi and *"’Bi, respec-
tively. The 222Rn, *Th, and **°Rn sources used were
sealed inside quartz vials and inserted in the Count-
ing Test Facility (CTF) [1] of Borexino [2]. The
CTF is a = 1 ton liquid scintillator detector installed
at the underground Gran Sasso National Laboratory
in Italy. Thanks to extreme radio-purity of the CTF
detector and to a long expertise in source preparation
and insertion systems, new accurate measurements
of the '*Po and *'*Po lifetimes have been provided.
We have found the following mean lifetimes:

1%Po: (236.00 + 0.42(stat) + 0.15(syst)) ps;
212po: (425.1 + 0.9(stat) + 1.2(syst)) ns.

Our results, obtained from data with signal-to-
background ratio larger than 1000, reduce the over-
all uncertainties and are compatible with previous
measurements (Figure).

The work has been published in [3].
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J. A 49,92 (2013).
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Data from one of the *'*Po sources with 1000 bins be-
tween 400 and 48000 ns are shown up to 10000 ns. Num-
ber of totally contained events as a function of the time
difference ¢ between the first (*'*Bi) and the second
(*'?Po) decay. Filled (open) dots show data with (without)
the energy cuts. Vertical lines delimit a seven-lifetime
window.
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COSMOGENIC BACKGROUNDS IN BOREXINO
AT 3800 M WATER-EQUIVALENT DEPTH
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The solar neutrino experiment Borexino [1], lo-
cated in the Gran Sasso underground laboratories
(see Figure), is in a unique position to study muon-
induced backgrounds in an organic liquid scintilla-
tor. In this study, a large sample of cosmic muons is
identified and tracked by a muon veto detector ex-
ternal to the liquid scintillator, and by the specific
light patterns observed when muons cross the scin-
tillator volume. Based on thermal neutron captures
in the scintillator target of Borexino, a spallation
neutron yield of muon-induced neutrons is found to
be Y,=(3.10£0.11)10* n/(u(g/cm?)). The dis-
tance profile between the reconstructed parent muon
track and the neutron capture point has the average
value A = (81.5 +£2.7) cm.

Additionally the yields of a number of cos-
mogenic radioisotopes are measured for '°N, "B,
He, 9C, °Li, ®B, 6He, 8L, 11Be, 19C and "'C based on
a simultaneous fit to energy and decay time distribu-
tions. Results of a corresponding analysis performed
by the KamLAND collaboration for the Kamioka
underground laboratory [2] are similar to our find-
ings. All results are compared with Monte Carlo
simulation predictions using the Fluka and Geant4
packages. General agreement between data and
simulation is observed for the cosmogenic produc-
tion yields with a few exceptions ("’B, ''C, ®Li for
both codes and B, °Li for Geant4 only) which show
a significant deviation between data and Monte
Carlo simulation predictions (the most prominent
case being ''C yield for which both codes return
about 50 % lower values). The predicted p-n dis-
tance profile and the neutron multiplicity distribu-
tion are found to be overall consistent with data. The
simulated neutron yield of Fluka shows a deficit of
~20 %, while the result of the Geant4 simulation is
in good agreement with the measured value.
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Sketch of the Borexino detector.

The results are not only essential to low-energy
neutrino analyses, but are also of substantial interest
for direct dark matter and Ov2p searches at under-
ground facilities.

The work has been published in [3].
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AND FULLERITE FILMS
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Studying primary and secondary electron trans-
port in metal films and in fullerites is important both
for improving the efficiency of strip detectors [1]
and for better understanding the mechanisms of
fullerite modification and pixel formation Figure.

Carbon clusters formed in the 300 nm fullerite film on the
Si-substrate by a nanoprobe with energy 15keV [4].
Cluster radius is about 1.5 p.

Program package to simulate the motion of
secondary electrons in solids under electron
irradiation was developed [2, 3]. At the beginning,
the model was tested in the photoionization of nickel
film thickness of 50 p[5], where the calculations
qualitatively coincide with the experimental. The
minimum yield of the photoelectrons in the energy
range 8 - 10 keV is due to the presence of nickel
atomic levels with energy 8.3 keV. Further,
debugged model is applied to simulate the
experiment on the formation of polymerized fullerite
clusters by 15 keV electron beam. Fullerite layer
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200 + 400 nm was deposited on a silicon substrate.
It was obtained that simulated cluster radius in two
and a half times less than the experimental (1.5 mm)
[4], where changes in the internal structure of
fullerite affects on the secondary electrons transport.
In the polymerization field of fullerene molecules,
electrons with higher atomic shells are not involved
in collective oscillations, i.e. no plasmons formation.
The gradual reduction of the cross-sections of
collective processes at the three times allows
obtaining experimental cluster radius. Also,
secondary electrons tracks analysis shows that the
indicated fullerite thickness is transparent to high-
energy electrons, and the clusters forms by electrons
diffusion which are reflected from silicon back to
fullerite.

It is shown a new mechanism for secondary
electrons distribution due to gradual changes in the
medium properties, through a decrease influence of
inelastic collisions.
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The B*, meson is of special interest, as it is the
only meson consisting of two heavy quarks of
different flavours. It is the heaviest meson that
decays through weak interactions, with either the c
or anti-b quark decaying or through their weak
annihilation [1]. Although the B’. meson was
discovered in 1998 by the CDF collaboration [2],
relatively few decay channels were observed prior to
LHCDb measurements [3].

In the factorisation approximation, the
B . —J/WK'K-n" decay is characterised by the form
factors of the B'.—J/yW " transition and the spectral
functions for the subsequent hadronisation of the
virtual W' boson into light hadrons. A measurement
of the branching fractions of exclusive B', meson
decays into final states consisting of charmonium
and light hadrons allows the wvalidity of the
factorisation theorem to be tested. The predictions
for the ratio of branching fractions B (B .—J/\yK K-
n')/B (B'—J/yn") are 0.49 and 0.47 [4].

The first observation of the decay B'.—J/yK K-
n and a measurement of B (B'.—J/yK'K-n")/B
(B"¢—J/yn") are presented. The analysis is based on
proton-proton (pp) collision data, corresponding to
an integrated luminosity of 1 fb™' at a centre-of-mass
energy of 7 TeV and 2 fb"' at 8TeV, collected with
the LHCb detector.

Invariant mass distribution of B .—JWyK'K-n"
and B'.—J/yn" are shown in Figure (a) and (b)
respectively.

The decay B'.—J/wK'K-n" is observed for the
first time, and a signal yield of 78 + 14 is reported.

The significance, taking into account the
systematic uncertainties due to the fit function, peak
position and mass resolution in the default fit, is
estimated to be 6.2 standard deviations.

Using the B'.—J/yn" mode as a normalisation
channel, the ratio of branching fractions is calculated

as:
B(B.' > J/yK'K'z") N(B. —>‘1/|//K*K’7r*)><
B(B." = J/yrx") N(B." > J/yn")

e(B, - J/yr")

where N is the number of reconstructed decays
obtained from the fit from Fig. 1. The ratio of
branching fractions is measured to be

B(B." > J/yK'K ")

=0.53+0.10+0.05,
B(B." — Jlyr)
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B, > JIyK' K x*)

where the first uncertainty is statistical and the
second is systematic.
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Mass distribution for selected () B'.—J/yK'K-n" and (b)
B'.—J/yn" candidates. The results of the fit is in solid
line, background component — dashed.

The theoretical predictions for the branching
fraction ratio of 0.49 and 0.47 [4] are found to be in
good agreement with this measurement.

1. C.-H. Chang, and Y.-Q. Chen, Phys. Rev. D49, 3399
(1994).

2. CDF collaboration, F. Abe ef al., Phys. Rev. Lett. 81,
2432 (1998).

3. LHCb collaboration, R. Aaij et al., Phys. Rev. Lett.
108, 251802 (2012).

4. A.V. Luchinsky, Production of K mesons in exclusive
Bc decays, arXiv:1307.0953.
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IN LHCb EXPERIMENT

V. M. Iakovenko'?
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Studies of rare effects in B-physics provide a
possibility to precision tests of the Standard Model
(SM) and discover the evidences of New Physics
(NP). Precise measurements of rare B decays are
performed with the LHCb experiment at Large
Hadron Collider. The LHCb detector [1] is a single-
arm forward spectrometer at the Large Hadron
Collider covering the pseudo-rapidity range
2<p<5, designed for the study of particles
containing b or ¢ quarks.

One of the most promising channels for detecting
signals of NP is the rare decay B’,—u u, which
originates in the SM from penguin and box
topologies. Branching fraction measurements of
these decays can test models with an extended Higgs
sector.

Rare decays B’—u u and B"—u ™ are highly
suppressed in the SM, as they can occur only via
helicity — suppressed loop diagrams. Precise
predictions of their branching fractions are provided
in [2]:

B(B"s—u" u)=(3.23+0.27) - 10°,
B(B'—u" 1) =(1.07+0.10) - 10°,

which make these modes powerful probes in the
search for deviations from the SM, especially in
models with a non-standard Higgs sector, which can
give rise to higher branching fractions.

A search for the rare decays B’.—u” u and
B’—u” u is performed using data collected in 2011
and 2012 with the LHCb. The data samples
comprise 1.1 fb"' of proton-proton collisions at

Js =8 TeV and 1.0 b at s = 7 TeV. We observe
an excess of B’,—u" u candidates with respect to
the background expectation. The probability that the
background processes can produce the observed
number of B’—u" i~ candidates or more is 5 - 10™
and corresponds to a statistical significance of 3.5
standard deviations. The value of the B’—u"u
branching fraction obtained from the fit is

BB’ s—u 1) = (3.2 15 (stat)™ 5 (syst)) - 107,

This result is in agreement with the SM
expectation [3]. The invariant mass distribution of
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the B’,—u"u candidates with boosted decision tree
(BDT, high level trigger variable) multivariate
discriminant on kinematics and topology variables
> (.7 is shown in Figure.
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Byt
The invariant dimuon mass distribution for very signal-
like BO(S)—Vf,u' candidates together with the signal and
back-ground contributions included in the branching
fraction fit.

The most powerful result on this decay comes
from LHCb based on a combined analysis of 1.0 fb™
of 2011 data and 1.0 fb"' of 2012 data [4]. The
measurement is based on a BDT and the invariant
dimuon mass to separate signal and background and
uses the decays B—J/yK* and B’— K1 to
normalize the observed number of signal events.

In the case of B"—u "1™ no significant excess over
background has been seen by CDF, CMS and LHCb
which have analyzed this decay. The most stringent
upper limit has been observed by LHCDb using 1.0 fb
" of 2011 data and 1.1 fb"' of 2012 data [33],
resulting in

B(B"—u 1) <9.4-10"°@95 % C.L.

1. A.A. Alves Jr. et al., LHCb collaboration, JINST.
3 S08005 (2008).

2. J.Buras, J. Girrbach, D. Guadagnoli, and G. Isidori,
Eur. Phys. J. C72, 14 (2012)., arXiv:1208.0934.

3. A.A. Alves Jr. et al., LHCb collaboration, Phys. Rev.
Lett. 108, 231801 (2012).

4. R. Aaij et al. (LHCD collaboration), Phys. Rev. Lett.
110, 021801 (2013), 1211.2674
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MICRODETECTOR FOR BEAM MONITORING AND POSITIONING
IN HADRON RADIOTHERAPY

A. O. Iliukhina'?, V. M. Pugatchz, V. M. Iakovenko®, O.S. Kovalchuk’, D. L. Storozhyk2

"'Taras Shevchenko National University, Kyiv
? Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

Hadron radiotherapy is a hadron irradiation ma-
lignancies (protons, nuclei '>C, '°O etc.). The main
advantage of this method is Bragg peak - the in-
crease in energy loss immediately before the parti-
cles stop. To define the dose distribution, detector
should have good precision of positioning and beam
monitoring, as well as high radiation tolerance, since
modern radiotherapy seek to reduce the beam
size(thus increasing the intensity of the beam).

In 2014 High Energy Physics Department in
KINR together with The National Center for Scien-
tific Research (France) are planning the experiment
«Towards in vivo dosimetry in '*C therapy» in Hei-
delberg lon Therapy center (Germany). The main
aim of this project is measurement of depth-dose
distribution when irradiated nuclei '°C phantom with
the energy of 150-300 MeV per nucleon. The metal
strip detector is developed for this experiment (Fig-
ure).

Metal-strip detector scheme
for hadron radiotherapy experiments.

The prototype of strip detector for monitoring the
beam was made in HEP department (KINR). It con-
sists of two perpendicular parts, each with 64 copper
strips. Each strip diameter is 100 um with 1.25 mm
pitch. The principle of metal strip detector is secon-
dary electron emission, which is initiated by incident
particles. When this happens, a positive charge ap-
pears at the strip measured by the XDAS (X-ray data
acquisition system).
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Likewise experiment with ion '>C at HIT, ex-
periment with protons will take place in Nice in
2014 with 65 MeV proton beam energy. Using GE-
ANT4 platform the simulation of strip detector and
proton beam was made. Quark Gluon String model
with Bertini-style cascade was used as physics
model. The detector is located at the 10 cm distance
from the source, which is 2 cm in diameter. Beam
profile at the distance of 30 cm from the detector
along beam direction was simulated. Thus, after
passing strip detector, beam diameter is less than
4 cm, which is possible to use for online monitoring.

One part of the detector was tested with electron
beam at KINR electron accelerator. The results are
presented in the work. Intensity varied between
1 nA/cm? and 10 nA/cm’. Because of signal depend-
ence on intensity is linear, this detector is stable for
intensity range per strip 0.8 - 8 nA/s.

Preliminary results:

precision of beam positioning is 1.25 mm, which
is applicable in hadron radiotherapy;

high radiation tolerance (up to few MGy).
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DIFFRACTION STUDIES OF FLEETING PROCESSES
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V. V. Burdin’

! Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
? Frantsevich Institute for Problems of Materials Science, National Academy of Science of Ukraine, Kyiv

This article presents status of the project on the
development of a prototype of X-ray optical system
based on position-sensitive detector and data acqui-
sition system for X-ray diffraction studies of fleeting
processes. The aim of the project is to improve spa-
tial and time resolution of equipment to provide an
opportunity for studies of changes in crystal struc-
ture of metals and their alloys during fleeting proc-
esses such as phase transitions under heating or
cooling of the samples. Position-sensitive detector as
a part of X-ray analytical equipment is needed to
determine in real time a position of the diffraction
peaks, their intensity and width as well as their evo-
lution along the temperature of the sample. The re-
quirements to the detector system are as follows:

operating area: (8 x 25) mm?;

spatial resolution: 50 - 200 pum;

sensitivity: 200 photons per channel;

sampling frequency: 50 - 500 Hz.

Microstrip silicon detectors matching these re-
quirements have been studied in combination with
the commercial data acquisition system X-DAS
(SENS-TECH, UK) [1] successfully explored earlier
with microstrip metal detectors [2]. X-DAS allows
creating large detector arrays with high speed read-
out in digital format. It consists out of Detector head

boards with analog output modules and Signal
processing boards with 16-bit digital output. Each
detector head board acquires 128 channels of data,
using a charge integrating ASIC and sends it via a
local data bus to the signal processing board. The
signal processing board converts the data into 14-bit
format. On-board processing enables up to 4 data
samples to be taken and added to produce a 16-bit
output. This is transmitted via a data interface board
to the host processor via USB2, data 1/O, Ethernet or
frame-grabber card. A system can handle more than
20000 channels with a scan time from 100us to
100ms, depending on the number of channels.

The prototype of the position sensitive system
has been built in the year 2013. Tests of the system
have been performed at the X-ray installation for
phase transition studies at the IPMS NASU. Silicon
micro-strip detector was connected by ultrasonic
bonding to the X-DAS system and mounted in the
focal plane of the optical system of the X-Ray dif-
fraction analysis setup.

Positioning strip-detector at the X-ray diffraction
peak (X-ray energy 7.1 keV, sample of steel, T =
=24 °C) provided a clear proper response of the
channels of the system corresponding to the strip
position (see Figure).
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Response the position sensitive system with a strip-detector mechanically moved via X-ray diffraction peak.

1. http://www.sens-tech.com

2. 0. Fedorovich, O. Kovalchuk, V. Pugatch et al., Prob-
lems of Atomic Science and Technology, Series
“Plasma Physics” 6 (82), 196 (2012)

Positive results of the tests allow us to start a
production of three 128-channel detector modules
for installation in the focal plane of the X-ray setup
for studies of fleeting processes in metals and their
alloys under heating/cooling in the year 2014.
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COMMISIONING OF THE TEST CO,; COOLING SYSTEM
FOR THE CBM SILICON TRACKING SYSTEM

E. Lavrik', A.O.Lymanets'?, H.-R. Schmidt'

" University of Tuebingen, Tuebingen, Germany
? Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

The CBM Silicon Tracking System [1] is a com-
pact detector that consists of double-sided silicon
microstrip sensors that comprises the volume of
about 2 m’ defined by aperture of the dipole magnet.
The sensors have to be kept at a temperature of -7
°C during the in-beam operation in order to avoid
thermal runaway and slow down the reverse anneal-
ing of radiation defects. The heat sources include
self-heating of sensors due to leakage current and
heat dissipated by the front-end electronics. The
sensors produce about 1 W power in the innermost
region that can be removed using forced convection
cooling, e.g., with dry N,. The 2133k channels of the
front-end electronics will dissipate up to 40 kW
power localized at the periphery of the tracking
stations. Particularly high heat density requires a
cooling system with high volumetric heat transfer.
Necessary cooling power can be achieved with bi-
phase evaporative cooling [2].

A test system designed to dissipate about 200 W
under realistic geometrical constraints has to verify
the cooling efficiency. The heat generated by the
resistive thermal load will be dissipated in the front-
end board (FEB) box with 110 x 70 x 30 mm® size
and removed by the integrated capillary with total
length of about 2 m and about 2 mm diameter. For
this test, an open-loop CO, cooling system has been
assembled [3] and commissioned.
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Fig. 1. Conceptual scheme
of the open-loop test CO, cooling system.

The operation principle of the test system is
sketched in Fig. 1. The liquid CO, is supplied from a
gas bottle at room temperature and 63 bar pressure.
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By precooling the liquid down to -25 °C in the heat
exchanger and expanding it behind the pressure
regulator, the liquid is brought to the phase bound-
ary at -40 °C and 10 bar from whereon the latent
heat can be utilized for cooling. After passing the
thermal load and leaving the thermal enclosure, the
bi-phase mixture with about 50 % dryout is evapo-
rated in the water-based heater and exhausted into
the atmosphere. A metering needle valve with flow
coefficient up to 0.004 controls the gas flow. A flow
restrictor at the end of the transport line prevents the
over-expenditure of CO,. Pressure, temperature and
flow are controlled along the line in order to ensure
the proper operating conditions.

Temperature is controlled using miniature Pt100
sensors with nominal tolerance less than 0.15 °C at
0 °C. The sensors are read out with NI cDAQ-9188
system equipped with NI-9217 plugin modules. In
order to verify the measurement precision, sensors
have been characterized (see Fig. 2). The offsets of
the calibration curves have been extracted in order to
further improve the measurement precision.

Uy
101
=20
C %2/ ndf 0.03552/ 11
301 p0 -0.2714 = 0.01698
r p1 0.9974 + 0.0008344
-40—

40 30 -20 -10 0 10 20
Reference T, °C

Fig. 2. Calibration curve for one of the temperature
sensors. Offset is used to improve the measurement
precision.

1. J.M. Heuser et al.,, Nucl. Instr. Meth. A 568, 258
(2006).

2. B. Verlaat et al., Topical Workshop on Electronics for
Particle Physics, Naxos, Greece, 15-19 Sep 2008,
p. 328.

3. E. Lavrik et al., CBM Progress report 2012, p. 20.
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FOR THE SILICON TRACKING SYSTEM OF THE CBM EXPERIMENT
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? Goethe University Frankfurt, Frankfurt/Main, Germany
? GSI Helmholtzzentrum fiir Schwerionenforschung, Darmstadt, Germany

The Compressed Baryonic Matter (CBM) is a fu-
ture experiment designed to explore the QCD phase
diagram in the region of high net-baryon densities. It
will be built at the GSI (Darmstadt, Germany). The
Silicon Tracking System (STS) of the CBM is based
on double-sided micro-strip sensors [1]. It is neces-
sary for the simulations and the experiment to know
the sensor response as precise as possible. The Digi-
tizer is a program, which simulates a complete chain
of physical processes caused by a charged particle
traversing the detector, from charge creation in sili-
con to a digital output signal. Current version of the
Digitizer [2] doesn't include all the processes needed
to get the sufficient results. It assumes a uniform
energy loss distribution along the incident particle
track and accounts for the Lorentz shift and the
effects of the read-out electronics: threshold, random
noise, charge collection inefficiency, channel dead
time. We considered the following improvements to
the Digitizer: non-uniform energy loss distribution,
thermal diffusion, charge redistribution over the
read-out channels due to interstrip capacitances (so-
called “cross-talk™).

There are several possibilities to model each pro-
cess with a different level of detalization. We sug-
gest the following procedure:

1) to divide the incident particle trajectory into
thin layers (3 pum);

2) to calculate the deposited energy in each layer
according to the Urban method [3];

3) to estimate the charge broadening due to ther-
mal diffusion according to the Gaussian low for the
charge in each layer [4];

4) to advance the register position due to the Lo-
rentz force;

5) for each fired strip to calculate the charge sha-
ring due to cross-talk, to add random noise di-
stributed according to the Gaussian low with
o = ENC (Equivalent Noise Charge);

6) to convert the charge in each strip from num-
ber of electrons to ADC-value;

7) to apply a threshold and other effects of elec-
tronics.

To verify the new procedure we wrote a separate
program. We chose 1 GeV-pions for incident parti-
cles, tracks with random impact and inclination from
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-45 to 45° (for other input parameters and details see
[5]). We used the Center-Of-Gravity algorithm [6] to
reconstruct clusters.

The obtained results lead us to the following con-
clusion: the most significant effect is the non-
uniform energy loss along the incident particle track.
Figure shows a comparison between experimental
data from the LHCb and our simulation. The experi-
mental data agrees better with the new simulation.
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LHCb
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The RMS of the hit position residuals distribution VS
track inclination: left panel — the LHCb Vertex Locator
(0° - perpendicular tracks) [7]; right panel — our si-
mulation (circles — the new Digitizer, dots — the current
version of the Digitizer, 90° - perpendicular tracks).

In our simulation we put a threshold of 2 ADC,
which corresponds to 6250 electrons = 4 ENC. Such
a high value makes the spatial resolution worse. The
fiducial value is 3.5 ENC, but we can put the thre-
shold only in ADC units, so it can be either
2 ADC==4ENC or 1 ADC = 2 ENC. The thresh-
old is, thus, an issue to discuss.

Next step: to compare the results obtained with
the new Digitizer to the experimental data, which we
got in the beam test at COSY (Juelich, Germany) in
December 2013.

1. P.Senger, CBM Progress Report 2012, Darmstadt
2013, p. 1.

2. A.Kotynia and J.M. Heuser, CBM Progress Report
2011, Darmstadt 2012, p. 14.

3. K. Lassila-Petini and L. Urban, Nucl. Instrum. Meth-
ods A362, 416 (1995).

4. M. Brigida et al., Nucl. Instrum. Methods. A533, 322
(2004).

5. V. Friese and H. Malygina, STS-Note-07-2013.

6. R. Turchetta, Nucl. Instrum. Methods. A335, 44
(1993).

7. Rodrigues, Presentation at Vertex 2013.
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COLLIMATOR FOR A PROTON MINIBEAM RADIATION THERAPY
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One of the main difficulties in the design of an
adequate collimator for proton minibeam radiation
therapy (pMBRT) is to reduce at maximum the pos-
sible blurring of the dose profiles due to lateral pro-
ton penetration. In this work the study of collimators
for pMBRT was done by simulation software pack-
age GATE v_6.2.

GATE - is a software environment designed for
simulation in medical physics and based on Geant4
[1]. An ideal collimator was assumed. The input data
for this simulation were as follows: energy of pro-
tons — 105 MeV; two field sizes — (20 x 0.7) mm?
and (2 x 2) cm?, beam width — 0.7 mm; collimators
from brass (6 plates, 2.8 mm thick, 5 cm long), cy-
lindrical water phantom with radius 8 cm and height
16 cm. We consider the case when the beam is sta-
tionary and operates in a single direction. Sensitive
areas where absorbed dose has to be measured are
located at depths of 1, 2, 3, 4, 5, 6 and 7 cm of phan-
tom. Spatially fractionated dose profile consists of
peaks and valleys, that is a high-dose on the way of
the beam and low-dose — between the beams [2].
Minimum dose in the central region between the two
beams is called valley dose and the dose at the cen-
ter of the beam — is the peak dose. The ratio of these
values is called PVDR (peak-to-valley dose ratio)
and plays an essential role in the biological re-
sponse. The PVDR calculation for different collima-
tors and sizes of the beam are presented in this work.
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Fig. 1. Dose profile in phantom at the depth of 1 cm.
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Fig. 2. Dose profile in phantom at the depth of 7 cm.
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Submillimeter field sizes for the radiation therapy
are expected to be efficient, exploring the so called
dose-volume effect: the smaller the field size is, the
higher tolerance of the healthy tissues is [3]. It is
important to provide PVDR as large as possible, in
order to ensure the safety and survival of normal
tissues [4]. The results of simulation for the PVDR
at 1 cm-depth and 7 cm-depth in phantom are shown
in Figs. 1 and 2, respectively. The smearing of the
beams is clearly visible at the depth of 7 cm.

The next step of this work will be taking into
account the scattering of protons on the walls of the
collimator.

1. B.Verla, S.Jan et al, Phys. Med. Biol. 56, 81
(2011).

2. Y.Prezado, I. Martinez-Rovira, S. Thengumpallil,
and P. Deman, Dosimetry protocol for the preclinical
trials in MBRT, (2011).

3. Y. Prezado, G. Fois, G. Le Duc, and A. Bravin, Med.
Phys. 36, 3568 (2009).

4. 1. Martinez-Rovira, J. Sempau, J.M. Fernandez-Varea
et al., Phys. Med. Biol. 55, 4375 (2010).
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AT THE LHCB EXPERIMENT
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(for LHCb Collaboration)
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The LHCDb experiment is the forward spectrome-
ter and one of the four experiments located at the
LHC [1]. The main aim of the LHCDb is precise mea-
surement of the CP violation (CPV) and search for
the B-meson rare decays.

The LHCDb detector consists of following parts:
Vertex Locator, Inner and Trigger Trackers and
Outer Tracker to reconstruct tracks of charged parti-
cles and their decay vertexes and to separate Primary
(proton-proton collisions) and Secondary (B-mesons
decay) Vertexes; Magnet to measure charge particle
momentum; Cherenkov Detectors to separate kaons
and pions; Hadronic and Electromagnet Calorime-
ters to measure the particles energy; Muon detector
to detect the muons.

In the Standard Model (SM), transitions between
quark families (flavours) are possible via the
charged current weak interaction. Flavour changing
neutral currents (FCNC) are forbidden at lowest
order, but are allowed in higher order processes.
Since new particles can contribute to these loop
diagrams, such processes are highly sensitive to
contributions from Beyond SM. An example FCNC
transition is neutral meson mixing, where neutral
mesons can transform into their antiparticles.

This article is devoted to precise measurement of
the oscillation frequencies Am, and Am; of the B’
and B’; mesons, respectively. The frequency of B’
meson oscillations is the highest. On average, a B’
meson changes its flavour nine times between pro-
duction and decay. This poses a challenge to the
detector for the measurement of the decay time.
Another key ingredient of this measurement is the
determination of the flavour of the B’ and B’ meson
at production, which relies heavily on good particle
identification and the separation of tracks from the
primary interaction point.

The observed particle and antiparticle states neu-
tral B-mesons are linear combinations of the mass
eigenstates By and B; with masses my and m; and
decay widths /' and 77, respectively. The B’ and B’,
oscillation frequency is equivalent to the mass dif-
ference Amygg) = myi)m— M. Parameters Am, and
Ami is an essential ingredient for all studies of time-
dependent matter—antimatter asymmetries involving
neutral B-mesons.
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Decay time distribution for the sum of the five decay
modes for candidates tagged as mixed (different flavour
at decay and production; red, continuous line) or unmixed
(same flavour at decay and production; blue, dotted line).
The data and the fit projections are plotted in a signal

window around the reconstructed B’, mass of 5.32 -
5.55 GeV/c.

From 1 fb ' (out of 3 fb~' accumulated) data a to-
tal of about 88000 and 39000 B’ mesons are recon-
structed, using its signal decays to D (K7 = )z" and
Jhw( )K" (K ) [2], respectively, with an aver-
age decay time resolution of 44 fs. About 34000 B’,
mesons were reconstructed using B’ D
decay [3].

The combined value for Amy is calculated as the
weighted average of the individual results taking cor-
related systematic uncertainties into account
Amg=0.5156 £ 0.0051 4t 0.0033systps71. It is cur-
rently the most precise measurement of this parameter.

The result of B’; meson oscillation frequency is
shown in Fig 1. The oscillation frequency is found to
be Am, = 17.768 + 0.023,.% 0.006,, ps ', in good
agreement with the current world average,
17.69 + 0.08 ps ' (Particle Data Group). This is the
most precise measurement of Am; to date, and will
be a crucial ingredient in future searches for Beyond
SM physics in B’; oscillations. Next year the whole
dataset for integrated luminosity of 3 b is planned
for analysis.

1. LHCb Collaboration, JINST S08005 (2008).

2. LHCb Collaboration, Phys. Lett. B 719, 318 (2013).
3. LHCb Collaboration, New J. Phys. 15, 053021 (2013).
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The new experimental set up for correlative stud-
ies of multiparticle nuclear reactions has been built
at the Tandem generator of the Institute for Nuclear
Research NASU. Hybrid micropixel detectors
TimePix [1] (matrix of 256 x 256 silicon sensors
with area 55 x 55 um” and 300 pm thickness) were
explored in the kinematics complete studies of the
reaction ''B(p, 3a) at low energies of protons. In
particular, the results were obtained for the phase
space where interference phenomenon occurs due to
the identity of alpha-particles originated at the exci-
tation and decay of the *Be*(2.9 MeV) nuclei. The
software allows to find out the experiment condi-
tions for observing interference of short living states
of nuclei and to perform analysis of the energy spec-
tra of final products taking into account constructive
or destructive interference. A significant solid angle
of the TimePix detector allows for studying of the
interference phenomena in a wide range of polar and
azimuthal angles during single exposition, minimi-
zing systematical errors of the experiment. The
micropixel detector provides simultaneous meas-
urement of coincident particle senergies (E;, E,),
polar (0,, 6,) and azimuthal (¢;, @;) angles as well
as a time of arrival of the particles in the TimePix
detectors. The software has been developed to iden-
tify alpha-particles by the events cluster size. Fig. 1
shows an example of the two-dimensional energy
spectra measured in a coincidence mode by the
TimePix detector (0, = 120°, ¢ =180°) and a single
diode silicon detector (0, = 45°, ¢ = 0°). Clearly visi-
ble are contributions of the narrow 8Beg.s_ (4 event
clusters at ~800 ADC) as well as of the wide
*Be*(2.9 MeV, I' = 1.46 MeV) along the kinematics
locus for the reaction ''B(p, 3a). Applying procedure
of the alpha-particles identification the background
contribution was suppressed a by factor of few thou-
sands. Two-dimensional data projected to the energy
axis of the TimePix detector will be approximated
by the formula

d’6/(dE,*d0,*dE,; *d0,*ds)~k*|Foe” p(Eo),
where the three-particles final state amplitude Fq,:
IF ol

includes interference term (phase shift dy) while
pair interactions between alpha-particles f,;,, and
foous are presented by the Breit-Wigner distribution

~ |f<mz|2 + |fu2u3|2 +2*f1102™* fop03* COS(OY)
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for the first excited state of *Be*(2.9 MeV, I' =
=1.46 MeV).

Total events: 104598
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Fig. 1.Two-dimensional energy spectrum for coincident
events in the silicon detector (6, = 45°) and the TimePix
detector (6, = 120°). Incident proton energy — 2.65 MeV.

Fig. 2 illustrates these three components of the
energy spectrum of alpha-particles from the reaction
"B(p, 3a) together with final spectrum shown in the
right bottom part of the Fig. 2. From fitting proce-
dure phase shift parameter oy will be derived as a
function of polar and azimuthal angles for chosen
angular combinations.
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Fig. 2. Simulation of the components of the energy spec-
trum of alpha-particles from the reaction ''B(p, 3a).
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The main component of the future CBM experi-
ment [1] at FAIR (Darmstadt, Germany) [2] is the
Silicon Tracking System [3]. It is going to be based
on double-sided silicon strip detectors. Among the
important characteristics of silicon strip detectors are
the coupling (C.) and the interstrip capacitances
(Cimp, Ciswrip), because they affect the signal ampli-
tude [4, 5]. Measurement of these capacitances is
therefore important both in the stage of detector
prototyping and in the stage of series production of
the detectors for their quality assurance.

The coupling capacitance is the capacitance be-
tween a metal strip (“Metalisation” in Fig. 1) and the
implant underneath. Ciy,, — is the total capacitance
of an implant to the neighboring metal strips, and
Cisuip — 1s the total capacitance of a metal strip to the
neighboring metal strips.
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Fig. 1. Schematic view of one side
of a silicon microstrip detector.

The capacitances were measured with a Quad-
Tech 7600 precision LCR meter. To determine the
coupling capacitance the test voltage (0.5 V) was
applied to the selected implant, and the current, in-
duced on the metal strip above, was measured. To
measure Cii,p, the test voltage was applied to an
implant, the metal strip above the implant was
grounded, and the current was picked from the neig-
boring metal strips (three on each side). For Cigyip
measurement the test voltage was applied to a metal
strip, and the current was picked up from the neigh-
boring metal strips (three on each side).

In the measurements of C, and Cjy,, the observed
value drops down at high frequencies (example in
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Fig. 2) because the impedance of the implant (order
of 100 kQ/cm) becomes larger than the impedance
of the coupling capacitance, thus the test signal does
not propagate along the whole implant length [5, 6].
True values for C. and Cjp, are obtained only at low
frequencies.
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Fig. 2. Coupling capacitance as a function
of frequency in the CBM03' detector.

The obtained values (Table below) were applied
to estimate the expected signal amplitude [5]. The
developed measurement techniques will be used for
further characterization and quality assurance of the
detectors.

De;c;:((l:éor, C.,pFlem | Cipyp, pF/em | Ciggip, pF/cm
CBMO02,p 37.8+0.5 1.0+£0.5 14+0.5
CBMO02,n  34.7+0.5 14+05 22+0.5
CBMO03,p 17.2+0.5 1.0+£0.5 1.5+£0.5

1. http://www.fair-center.eu/for-users/experiments/
cbm.html

2. http://www.fair-center.eu/

3. Technical Design Report for the CBM Silicon Track-
ing System (STS), GSI, Darmstadt (2013)

4. C.Bozzi, Signal-to-Noise Evaluations for the CMS
Silicon Microstrip Detectors, CMS Note 1997/ 026,
1997

5. 1. Sorokin, Characterization of silicon micro-strip
sensors, front-end electronics, and prototype tracking
detectors for the CBM experiment at FAIR, submitted
as dissertation thesis, Frankfurt am Main.

6. E. Barberis, Nucl. Instr. Meth. A342, 90 (1994).
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The X-ray diffraction is widely used for studies
of phase transitions in material science. The knowl-
edge of kinetics of the transformation mechanisms
allows for a choice of rational thermal processing of
materials. Nowadays thermal processing involves
fleeting heating and cooling which provide fast arri-
val to a critical temperature point and reduce a time
of phase coexistence. Physical properties like den-
sity and thermal expansion vary significantly from
phase to phase, inducing change of the correspond-
ing diffraction maximum position. This phenomenon
is explored for characterization studies of a metal
structure [1].

We report here on the application of the TimePix
micropixel detector [2] for measuring and imaging in
real time a dynamics of phase transitions in Ti alloys
under heating and cooling at the experimental setup
of the IPMS NASU (X-ray energy — 7.1 keV). The
TimePix hybrid detector consists out of (256 x 256)
array of 300 um thick silicon sensors with a pixel size
of (55 x 55) um?, bump-bonded to the read-out ASIC
microchip designed in a commercial 0.25 pm 6-metal
CMOS technology. It covers about 10° (20) in a focal
plane of the X-ray experimental setup with angular
resolution of 0.017° at the distance of 220 mm from
the specimen. The TimePix detector providing two-
dimensional measurement of the scattered X-rays
may be treated as an ‘electronic plate’ imaging in real
time a dynamics of phase transitions.

TimePix chip was readout by the PIXELMAN
hardware/software via USB connection to PC. The
fast framing rate of up to 100 Hz is provided by the
USB interface FitPix [3]. This is a key feature for
studies of fast phase transitions. The evolution of the
diffraction pattern measured by the TimePix detector
is illustrated in Figure. A sample of titanium alloy
(BT-8)was sequentially heated from room tempera-
ture (Figure, a), via 900 (Figure, b) to 1200 Celsius
degrees (Figure, ¢). Clearly visible is transition from
different phase states in Ti to the case of creation of
intermetallic structure demonstrating itself as a
bright area at left bottom corner in the two-
dimensional distribution in the Figure, ¢ (or corre-
sponding peak at the projected distribution (upper
part in the Figure, c).
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TimePix detector imaging two-dimensional and projected
onto angle axis distribution of the X-rays scattered by
Ti-alloy at different temperatures: 24 °C (a), 900 °C (b),
1200 °C (c).

We appreciate a support of the MEDIPIX Col-
laboration which allowed for these studies possible.

1. V.V. Burdin, Metal physics and new technologies.
31, 1343 (2010).

2. X.Llopart, R. Ballabriga, M. Campbell et al., Nucl.
Instr. and Meth. A581, 485 (2007).
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O. I. Kolosov, O. I. Shpachenko, D. C. Lyubovych, A.I. Ustinov, A. I. Piskarev, V. V. Yourievev,
G. M. Pravednikov, L. G. Makarenko
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More than 50 % of the annual production of ra-
dionuclides in the world is necessary for the nuclear
medicine. Production of strontium-82 is carried out
in the USA (Los Alamos and Brookhaven National
Laboratories), Canada (TRIUMF — company "Nor-
dion™), South Africa (laboratory Themba) and Rus-
sia (INR RAS IPPE) [1 - 6].

Strontium-82 used for the manufacture of genera-
tors short-lived rubidium-82, which is used for car-
diac diagnosis using a positron emission tomography
(PET), but operating accelerators, other than those
listed, can turn out strontium-82 unavailable.

Given the characteristics of the cyclotron U-240
(large enough energy) and the conjuncture of radio-
isotopes in the world market has been developed
target for s isotopes strontium-82 and germanium-
68. Both isotopes are used in generators to highlight
distinguish of positron emitters rubidium-82 and
gallium-68, respectively. First isotope obtained pro-
ton irradiation salt RbCl, second — proton irradiation
metal gallium.

The Isochronous cyclotron U-240 INR of NAS
only active accelerator, which covers the desired
range of energies and in what can be made stron-
tium-82 and almost all cyclotron radionuclides,
which are widely used in nuclear medicine [7].

For production of strontium-82 and other radio-
nuclides cyclotron for high-intensity beams in the
isochronous cyclotron U-240 was developed an in-
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stallation which target is rotated, with the internal
proton beam irradiation.

Were carried out further experimental and ana-
Iytical studies internal targets for RbCl and Ga.
Based on work irradiation selected metal for target
capsules. Held engineering development comnents
and systems (vacuum, water cooling, and diagnostic
system management). Made thermal calculation
modes this rotation target during irradiation [8, 9].

1. S. Kastleiner, S.M. Qaim et al., Appl. Radiat. Isot. 56,
685 (2002).

2. T.ldo, A. Hermanne et al., NIM, B 194, 369 (2002).

3. E.Z.Buthelezi, F.M. Nortier, and 1.W. Schroeder,
Appl. Radiat. Isot. 64, 915 (2006).

4. S.M. Qaim, G.F. Steyn et al., Appl. Radiat. Isot. 65,
247 (2007).

5. E.Z. Buthelezi, F.M. Nortier, and
Appl. Radiat. Isot. 64, 915 (2006).

6. M.Finlan et al, in Proc. of the 11" Int. Conf. on
Cyclotrons and their Applications (1986), p. 689.

7. A.E. Valkov, A K. Zajshenko, M.V. Makovskiy et al.,
Development of technology and systems for the pro-
duction stable and radioactive isotopes on the basis of
complex isochronous cyclotron U-240, Report
on the research work for 2009 -2010 y.y., DR
No. 0109U005725.
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Research Studies Press Itd., 278 (1996).

9. R. Boutarfa, S. Harmand et al., Experiments in fluides
38, 209 (2005).

I.W. Schroeder,

INSTITUTE FOR NUCLEAR RESEARCH NASU



NUCLEAR PHYSICS

PROGRAMMABLE PULSE GENERATOR
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The programmable pulse generator is designed
for digital formation of various signals with high
stability of time parameters and can be used for ad-
justment and calibration of devices and modules of
nuclear electronics.

PC is used to control the operation modes of the
generator through USB-connection. All manipula-
tions on selection and setting of the required opera-
tion mode of generator are performed from the con-
sole of virtual adjustments, which is created in Lab-
VIEW software.

Formers of input and output signals, reference
generator, digital-to-analog  converter (DAC),
bandpass filter, buffer amplifier, algorithm unit,
control unit and USB interface unit are the main
elements of the developed pulse generator.
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Structure diagram of the programmable
pulse generator

The multifunctional generator provides:

— pulse frequency within the range 1 Hz — 100 (200)
MHz at internal startup, stability of frequency + 100
parts on one million, pulse duration and period in the
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range from 10 (5) ns to 1 s with the discreteness of
frequency setting, which is equal to the period of the
reference generator;
— rise and downturn times of output pulse 2 (1) ns
(measured at the level 0.1 — 0.9 of pulse amplitude);
— the formation of the desired number of pulses
(1 to 65535) after external starting pulse;
— generation of reference pulse and pulse delayed for
some time relative to the first one. Discreteness of
delay time is equal to one period of the reference
generator;
— generation of nine synchronous pulses delayed
relative to each other for some time. The delay is
fixed and can be 10, 80, 160 or 320 ns;
— formation of random time intervals with minimum
value of 10 (5) ns and maximum value, determined
by digit capacity (from 8 to 16 bits) of time interval
grid of the reference generator. Operation is possible
in one of two modes, namely with uniform
distribution of random intervals or Gauss
distribution;
— generation of pulse amplitudes in the range from 0
to 9 V with fixed duty factor. Discreteness of ampli-
tude change is determined by grid of 8 - 16 bits. The
frequency of change of amplitudes and duration of
their detention is determined by the type of applied
DAC and by settings of the reference generator.
Operation is possible in one of two modes (uniform
distribution of amplitudes or Gauss distribution);
— formation of random amplitudes with chosen
distribution and varying duty factor.

The scheme of the multifunctional generator is
based on two programmable elements: programmab-
le logic matrix FPGA Cyclone-1 (block implementa-
tion of algorithms) and microcontroller HMEGA128
(control unit).

Technical parameters of FPGA Cyclone-I
provide the operation of generator in nanosecond
range. The control of operation mode, preliminary
data processing and communication with PC are
performed by microcontroller.

The parameters of signals, which are formed by
generator, conform to the standard of nuclear
electronics NIM. The generator is constructively
implemented in the form of CAMAC module with
1M width.
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PULSER FOR SPECTROSCOPY SYSTEMS
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The pulser is designed to simulate the output
from a solid-state or scintillation detector/preamp-
lifier combination and the output from a pulse-
shaping amplifier, thus providing a means of testing
and calibrating the electronics in a nuclear counting
system.

Typical applications of the pulser include: deter-
mining the proper timing of linear gates and coinci-
dence units, threshold setting of discriminators, cali-
bration of nuclear spectroscopy systems and mul-
tichannel analyzers, measurement of the integral
nonlinearity and differential nonlinearity, and selec-
tion of delays in coincidence timing systems. The
variable repetition rate is also useful in determining
the system’s count rate performance.
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Block diagram of the pulser.

The pulser consists of two independent channels.
Each channel has individual sync input and can be
synchronized with either external trigger or internal
pulse generator.

Channel 1 output provides single/double attenu-
ated positive or negative tail pulse, pulse height from
0 to 10V into high impedance and 0 to 5 V
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maximum pulse into 50 ohms. A pulse pair separa-
tion is varied by the delay controls.

Channel 2 output provides single/double attenu-
ated positive or negative semi-gaussian pulse shape,
pulse amplitude from 0 to 8 V open circuit (Oto 4 V
when terminated into 50 ohms). A pulse pair separa-
tion is varied by the delay controls.

The pulser offers a fast rise time (typically 20 ns)
tail signal and variable repetition rates of up to
2 kHz.

Pulse parameters are displayed on two numeric
LEDs with three-digit resolution.

The pulser operates in several modes.

1. Ramp

The pulser provides linearly increasing amplitude
signal with a short decay time. Rear panel switch
selects full range of the signal with either 12-bit
resolution or 16-bit resolution.

2. Tail pulse

The pulser provides a pulse train of linearly in-
creasing tail pulses to simulate output of charge-
sensitive preamplifier. Output tail pulse amplitude
can also be controlled by front panel multi-turn po-
tentiometer manually.

3. Semi-gaussian pulse

The pulser provides a pulse train of linearly in-
creasing semi-gaussian shape pulses to simulate
output of pulse-shaping amplifier. Output pulse
amplitude can also be controlled by front panel mul-
ti-turn potentiometer manually.

4. Sliding semi-gaussian pulse

4.1. Semi-gaussian pulse shape amplitude var-
ies with deviation equal to one-eighth of the full
output amplitude range. Front panel potentiometer
controls the location of the deviation within the full
range.

4.2. Semi-gaussian pulse shape stepwise in-
creasing amplitude with deviation equal to one-
eighth of the full amplitude range at each step.

5. Double pulse

The pulser provides either double tail pulse or
double semi-gaussian pulse shape. The amplitude of
each pulse in the pair can be controlled by a separate
potentiometer. Varying the pulse amplitude and the
delay between them to simulate various kinds of
pulse pile-up. Double pulse mode can be used to test
pile-up rejection circuits. This mode also allows you
to evaluate the dead time of analyzers.
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APPROACH TO GAMMA SPECTRUM ANALYSIS
WITHOUT ENERGY CALIBRATION PROCEDURE

A. M. Sokolov
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If a gamma spectrometer is used to determine the
guantity of gamma emitters present in the source the
measured spectrum usually described as a sum of
spectra of the gamma-emitting nuclides contained in
the source [1]:

N
Sp,=2.¢5p). (1)
i=0

where Spj — the spectrum, represented by the number of

counts Sp(y) in the j-th channel of a spectrometer; ¢; — the
coefficients to determination; spj.i) - particular compo-

nents (e.g. the spectra of specific nuclides); j-channel
number; i — particular component number.

However usually at measuring components and
spectrum a background is present. Therefore instead
of components we have spectra of type

sp'” + Fonl; and instead of spectrum measuring

gives Sp; + Fon2;. To take that Fon! and Fon2 into

account, they are measured separately (Fonl in the
same conditions as for components, and Fon2 in one
conditions with the first spectrum in the series of
measuring). In addition, if the series of spectra are
measured, then the conditions of these measuring
can change, that is reflected in the change of energy
calibration for the channels of spectrometer. Thus a
spectrum is shifted and stretches or compresses in
relation to the spectrums of radiation of components,
measured at other energy calibration. For scintilla-
tion detectors such effect is related to sensibility of
their characteristics on a temperature variation.

For correctness of equation (1) it is necessary to
bring results of measuring of spectrum and separate
components to one system of channels with identical
calibration on energy. For this purpose usually en-
ergy calibration provides for a spectrum and for
separate components. Procedure can require addi-
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tional measuring with the use of gauge standard
sources.

The worked out method [2] and program do not
require knowing of calibrations on energy, and sup-
pose only, that calibrations for components and for
background Fonl are identical, calibration at Fon2
and first in the series of spectra is the same, and at
subsequent spectra can differ. It is assumed also, that
relationship between energy and channel number for
spectrum and for components, which we denote as
E = Fs(k) and E = Fc(k), satisfy the condition:
Fe(k) = Fs(a'k + b). The program does not use the
explicit form of functions Fs(k) and Fc(k) and finds
itself the coefficients a and 4. A task in a formula (1)
will be transformed in a task for a minimum

2

N
- - (l) *
nl,lhn(mc!n ,Zéci'sl’j = SPuju|| ) (2

which resolves in two stages (linear for ¢; and nonli-
near for a and b). At that a spectrum is transformed
by special procedure "of pouring” on the scale of
channels for components. Later the activities of par-
ticular nuclides in the sample can be obtained on the
found coefficients ¢;, on known activity of gauge
sources and taking into account time of measuring of
separate components and spectrum.

During statistical analysis the estimation of accu-
racy of activities is performed. The program checks
also are the set of components enough for descrip-
tion of spectrum and whether all components sig-
nificantly deviate from zero.

1. P.H.G.M. Hendriks, J. Limburg, and R.J de Meijer, J.
Environmental Radioactivity 53, 365 (2001).

2. AM. Sokolov, in Proc. of the 4-th Int. Conf. “Current
Problems in Nuclear Physics and Atomic Energy”,
Ukraine, Kyiv, Sept. 3 - 7, 2012. (Kyiv, 2013). - p. 580.
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FOR ADAPTIVE CONTROL IN MONOCHANNEL NETWORKS

A. P. Voiter, A. N. Kovalev
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An effective speed of transmission in mono-
channel computer networks is always below the
physical speed due to an existence of interferences
of various natures, a protocol redundancy of packet
and protocol procedures of different levels. The
interferences lead to unavoidable damage of packets
on the physical level and necessity to repeat the
transmission, or introduction of the code redundancy
for error corrections in the packets. The channel
level of network, which includes both the sublevel
control of logical channel (LLC-Logical Link Con-
trol) and the sublevel control of access to mono-
channel (MAC- Medium Access Control), also de-
creases an effective speed transmission, due to both
the redundant information of data packet formats of
LLC-protocol and the conflicts, which appear in
MAC-protocol at using the competitive access pro-
cedures.

The goal of the work is to build an analytic
model for the evaluation of the efficiency of joint
work of physical and channel levels of the mono-
channel networks with adaptive control length pa-
ckets. Obviously, that the probability of successful
transmission on the physical level depends on the
error rate in monochannel and increases with de-
creasing of the packet length. On the other hand,
LLC-protocol of channel level decrease (increase) of
its effective transmission speed at shortening (in-
creasing) of the packet length due to existence of
fixed space of overhead information in the data
packet formats.

We define the effective transmission speed C at
fixed physical transmission speed ¥ by taking into
account the complex influence of the both physical
and channel level. The physical level is defined by
the probability of successful packet transmission.
The channel level is determined by the joint influ-
ence of both the received frame format of LLC-
protocol and the probability of successful transmis-
sion of the access to the monochannel to the protocol
to control. The mathematical model is proposed for
the analysis of the effective speed of transmission.
This model takes into account the mutual influence
of physical level, MAC and LLC protocols. The
effective transmission speed is

VAT

C- [rn, + (r—Dc](1— p) "™
1+ 2ah + AT +aT)\?

r(n, +c)
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where T — the transmission time of the packet; 1 —
the intensity of the incoming packets; a — the inter-
val of sensitiveness of MAC protocol; ny — the opti-
mal length of the information part of the packet; ¢ —
the fix length of the protocol part of the packet;
r — the factor of the packet length variation at adap-
tive control; p — the intensity of interferences in the
monochannel.

We present the dependence of C on A for the op-
timal value of the length of informational part of
packet in Fig. 1. This dependence is evaluated for
different intensities of interferences: p = 10° (curve
1), p =107 (curve 2) and p = 10 — 4 (curve 3).
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Fig. 1. Effective speed transmission with change p.

The dependence C(J) obtained at p = 10° and
various values of the length of the information part
of packet is presented in Fig. 2. Curve I corresponds
to the optimal length of information part of the
packet and curve 2 (3) relates to increased (reduced)
10 times the length of information part of the packet.
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Fig. 2. Effective speed transmission
with changing length packets.

It is shown, that the strategy of adaptive control
on the MAC level should be based on the procedures
of increasing length of packets relatively », only
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DESIGN OF SYMPTOM-ORIENTED GUIDES FOR OUT-OF-PROJECT ACCIDENTS
MANAGEMENT ON NUCLEAR POWER PLANTS

S. I. Azarov', A.V. Taranovski’

! Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
? Limited liability company “Energorisk”, Kyiv

Complex analyses of severe accidents on NPPs
(Chornobyl and Fucushima-1) have found out a
limitation of traditional regulatory and methodo-
logical support for out-of-project accidents man-
agement. This approach excludes effective man-
agement for radiation accident with relatively
unlikely initial events and accident-related se-
quences. Also, it does not take into consideration
that process and accident-related sequences depend
on events preceding conditions of core damage.

Stages of origin and process of severe accident
in vessel reactors are shown at Fig. 1.

[ Out-of-project accidents }

Severe accidents |

g
7
8
g
:

Containment failure criteria
SA3 IE groups

| SALIE growps |

Radiation safety criteria
Ecological safety eriteria

in=vessel 1 off-vessel | off-contain- |,
phase phase o ment phase |-

Fig. 1. Stages of origin and process of severe accident
in vessel reactors. Here: IE — initial event; PAA — pro-
ject accidents analysis; PSAAT (2, 3) — severe accident
analysis for different stages.

Severe radiation accident leads to loss of con-
trol on chain reaction in nuclear core. This leads
to critical mass formation and heat removal fail-
ure. Radioactive products are emitted in quantity,
that is more than NPP normal exploitation limit.

Authors are suggesting to use risk-informed
decision making for planning and modeling of
severe accidents on nuclear sites.

The structure of integrated risk-informed deci-
sion making process in extreme emergency is
shown in Fig. 2.
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Fig. 2. Integrated risk-informed
decision making process.

The process starts from identifying the prob-
lem and how it can be solved. Then, mandatory
requirements, deterministic and probabilistic as-
sumptions are considered as input data for deci-
sion of accident consequences localizing and eli-
mination. Technical input data is weightened and
combined to produce the best decision. Uncertain-
ties of deterministic, probabilistic, and other fac-
tors also should be considered. Monitor program
should be applied, after decision is accepted and
implemented, to define the effectiveness of
change, and whether review is required.

The goal of this structure is to provide bal-
anced decision that takes into account all impor-
tant factors.

1. TAEA-TECDOC-1590. Application of Reliability
Centered Maintenance to Optimize Operation and
Maintenance in Nuclear Power Plants. — Vienna:
IAEA, 2007. - 87 p.

2. Review of Maintenance by Reliability Centered
Maintenance (RCM) for SUK NPP: TACIS Con-
tract No 98-0344. - FRAMATOM REALISATION
NUCLEAIRES, 26/02/1998.
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RESEARCH AND DEVELOPMENT OF THE WAYS OF THE IMPROVEMENT
OF RADIATION TECHNOLOGIES IMPLEMENTATION
IN THE MODERN INDUSTRIAL PRODUCTION

T. V. Kovalinska, 1. A. Ostapenko, V. 1. Sakhno, I. M. Vyshnevskyy

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

The beginning of the third millennium is charac-
terized with the stagnation of the economy almost in
all countries of the world. The search of the inten-
sive methods of the production of goods and ser-
vices and the creation of science-intensive and en-
ergy saving technologies of the industrial production
on their basis is urgent now. Radiation technologies
are among the most perspective technologies for
many branches. Certain experience of their creation
is accumulated in the radiation technologies sector.
During the last ten years some high-efficient tech-
nologies for industry, food services, medicine, ecol-
ogy etc. were developed. The last period is marked
with the accent of research and development on the
creation of the technologies with minimal energetic
resources consumption. All the problems are solved
in complex — the research, technological develop-
ments are accompanied with the creation of the ap-
propriate technique for the practical implementation
of new technologies. The developments are carried
out in two directions — the industrial usage of ioniz-
ing irradiation and the usage of low-energy charged
particles as an instrument of modern energy saving
technologies. The most important developments of
this year are as follows:

1. The technology with the usage of ionizing ir-
radiation. The development of complex methods of
functional radiation testing and the qualification of
the equipment of nuclear power plants. New auto-
mated computer system of spatial control of the
radiation field in the reactionary chamber of the
experimental installation of the sector with electron
accelerator of 4 MeV is created and tested under the
beam of electrons. New data are obtained concern-
ing the ways of the reproduction on the existing
radiation installation of actual operating conditions
of the equipment in pressurized zones, energetic
reactors VVER-1000. The necessity of the research
expansion towards the usage of electrons with ener-
gies below 4 - 3 MeV is defined and substantiated.

With this purpose the materials concerning the
projection of necessary accelerating technique are
researched and the project of electron accelerator
with adjustable energy of 0,07 - 400 keV is worked
out which is aimed at the achievement of the current
up to 50 mA in the beam. Construction works
started.
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Technological researches continue in the direc-
tion of the usage of radiation technologies for the
disinfection of ready food forms. The original tech-
nology of fish products’ disinfection is created and
tested on the edge of their normative storage through
electron flows with wide energy spectrum. Experi-
mental researches of new methodology are done and
positive conclusions of food hygiene establishments
are received. It was experimentally demonstrated
that irradiation according to this methodology pro-
vides reliable suppression of pathogenic microflora,
even when irradiation doses are below 1 kGy. The
methodology is discussed and approved by the ex-
perts- technologists of the fishing industry on the
conference in Kaliningrad.

2. Technologies with the usage of the interaction
effects of charged particles of low and ultra-low
energy with matter.

The occurrence and formation mechanisms of
charged particle flows of low energy range and their
interaction with a wide class of organic materials
and composites which are intensively spread in nu-
clear energetic are researched and published.

The kinetics of the movement of low-energy
charged particles in the atmosphere, bio-physical
processes in intense flows of charged particles, the
influence of air-ions on the chemical processes in
materials are researched. New information about the
absorption mechanisms and the transformation of
charged particles energy with complex organic sys-
tems and living matter is received.

High efficiency of charged particles of this range
in processes of the modification of complex organic
systems is revealed. Energy saving technologies of
raw materials modification in food production are
developed and tested with their usage. The original
methods of surface activation of chemically resistant
materials and their combinations in structures of new
composite materials for the industry are done. The
original experimental technique is created and the
research of technological effects started, with which
the interaction of charged particles of ultra-low en-
ergy with living matter and organic systems is char-
acterized. The research results are presented on sci-
entific conferences and seminars, as well as at inter-
national meetings concerning the implementation of
knowledge based processes in industry, and dis-
cussed with leading specialists of various branches
of science and technique.
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CONVERSION OF RESEARCH NUCLEAR REACTOR
INTO FUEL WITH LOW ENRICHED URANIUM

I. M. Vyshnevskyil, V. L Slisenko', V. Yu. Bodnar', I. Bolshinskiyz, J. Dewes’,
N. I. Mazina', V. M. Makarovskyi'

! Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
? National Nuclear Security Administration (NNSA) of US Department of Energy, USA

During implementation of the Highly Enriched
Fuel Return Program to Russian Federation it has
been envisaged: to perform conversion of research
reactor into fuel with low enriched Uranium (LEU
<20 % U-235), receive pilot batch of LEU fuel, and
if it is acceptable for the use to receive such fuel in
equivalent to the removed highly enriched Uranium
(HEU).

The work on conversion from HEU to LEU in
Ukraine has started in 2005. Mutually with the spe-
cialists of Argonne National Laboratory of US DOE
the possibility of the use of HEU for research reactor
of Ukraine without design changes of reactor core
was investigated. Besides, the flux density declining

is not essential that allows performing needed scope
of research work. Developed technical and eco-
nomical substantiation and design decision on the
use of LEU fuel (both together with HEU, and inde-
pendently) were approved by Regulatory Authority
in 2006.

In October 2008 PC TVEL (Russia) delivered 33
LEU fuel assemblies made at Novosibirsk Plant of
Chemistry Concentrated Products (comparative cha-
racteristics are given in the table). In December 2009
these assemblies were loaded into the reactor core and
were in operation together with HEU. 194 assemblies
were delivered in December 2010, and 200 LEU
assemblies were received in February 2012.

Comparative characteristics

Technical Characteristics N;u mber Olf sectu;ns in fuel afsem|bly 3
Enrichment, % 19.7 36
Number of fuel elements in assembly 3 9 3 9
Mass U™ in fuel assembly, g 41.7 125.1 37.5 112.5
Height of active part of assembly, mm 500
Coating thickness, mm <0.5 min
Tubes thickness of fuel element, mm 2.5

In accordance with the international commit-
ments of Ukraine regarding removal of the whole
scope of HEU from its territory: in December 2010
all the HEU assemblies were reloaded from reactor
core. Received LEU assemblies we loaded to the
reactor core; as a result total number of LEU fuel
assemblies were 88 units in reactor core. Such num-
ber of fuel assemblies didn’t allow to reach rated
output of reactor (10 MWt), nevertheless, in the
course of time, after deletion of beryllium reflectors
from reactor core and filling this space with LEU
assemblies we shall come to rated output of reactor.

In December 2010 KINR of NAS of Ukraine has
loaded out about 10 kg of non-irradiated HEU fuel
and special fissionable materials of Russian origin,
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and sent to Russian Federation (RF). It means pluto-
nium disks, HEU (90% for U*?) in the form of pel-
lets, rods and so on, as well as HEU fuel assemblies.

HEU and specific fissionable materials were
packed into special casks, then loaded into special
containers under control of the IAEA representatives
and concerned RF enterprise, and in special column
were transported to the airport and shipped to RF.

So taking into account the fact that simultane-
ously with HEU shipment from KINR the shipment
of HEU was carried out from other institutions of
Ukraine before Seoul Summit 2012. It can be stated
that Ukraine met its international engagements and
set its territory free of HEU.
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SPENT NUCLEAR FUEL MANAGEMENT AT RESEARCH NUCLEAR REACTOR WWR-M,
INSTITUTE FOR NUCLEAR RESEARCH,
NATIONAL ACADEMY OF SCIENCES OF UKRAINE

I. M. Vyshnevskyi', V.I. Slisenko', V. Yu. Bodnar', I. Bolshinskiy’, J. Dewes,
N. I. Mazina', V. M. Makarovskyi'

! Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
? National Nuclear Security Administration (NNSA) of US Department of Energy, USA

The last removal of SNF from INR, NAS of
Ukraine to IE “Mayak” (Russian Federation) was
conducted in 1988; therefore at the beginning of
RRRFR program more than 700 pc of spent fuel
assembles (SFA) were stored at the reactor, in
recalculation to the single assembles. These are
fuel assembles (FA) of WWR-M2 and WWR-MS5
(M7) types with 36 and 90 % enrichment by Ura-
nium-235, accordingly.

The decision was taken to use the casks of
VPVR/M type («Skoda», Czechia) for SFA ship-
ment (cask capacity - 36 triple or 108 single FA of
the same type).

Taking into account the difference in dimen-
sions, weight and considerable difference in load-
ing technique of FA there was the necessity to
change design documentation, in particular docu-
mentation of reservoir of SNF storage; design of
upper biological protection (cover) of storage
reservoir; hoisting machine; premises of CP-2;
SFA transportation line for CP-1 (old SNR stor-
age facility) in CP-2. Changes have been com-
pleted, agreed with regulatory authorities, and
premises with CP-2 have been constructed and put
into operation. Financial support was given by
National Nuclear Security =~ Administration
(NNSA) of US Department of Energy. Thus, in
the view of technical aspects INR, NAS of

Ukraine, has been ready to perform SFAs ship-
ment till December 2009.

In April 2010 at Washington Summit of Nu-
clear Security the President of Ukraine declared
about Ukraine intention to become free of HEU
till the next Summit that has been planned to con-
duct in Seoul, on March 26, 2012. This decision
allowed to proceed to the next stage of RRRFR
program, namely to obtaining of necessary per-
missions and then shipments of cargo.

For performing shipments of HEU SFA of
Russian origin relevant permissions and licenses
were received from regulatory authorities of
Ukraine.

Loading of SFA to transport casks was carried
out by WWR-M reactor personnel with the assis-
tance of Czech Institute for Nuclear Research.

The first batch with 748 SFAs was shipped in
May 2010 to IE “Mayak” (RF) for reprocessing,
and in March 2012 the second batch with 218
SFAs was shipped (See Table).

Thus, as a result of six years activity within
RRRFR program in the frames of Global Threat
Reduction Initiative the modernization of systems
important for safe operation of the reactor have
been conducted and 17 kg of U*® was shipped
consisted of HEU SNF; and about 10 kg of fuel
and special fissionable materials.

Tvoe of assemble BBP-M2 | BBP-M5(M7) BBP-M2
P May 2010 March 2012
Output enrichment, % 36(20) 90 36
Assembles single 101 15(5) 38
triple 193(6) ) 60
Number of transport casks 7 4
Full activity in the cask, TBq 2053 2790
Full residual heat, W 209,8 217,1
Number of assembles (y mepepaxyHKy Ha OJIMHHYHI) 748 218
Total load *°U, kg 11. 864 5.146
Total load U, kg 55.780 19. 354
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FRACTALITY AND PERCOLATION IN NUCLEAR REACTORS

V. V. Ryazanov

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

A fractal and multifractal are many physical sys-
tems. Some possibilities of description of motion of
neutrons in a reactor are considered through ap-
proaches of percolation and multifractality. Espe-
cially expressly fractal properties show up in critical
range. Stationary work of nuclear reactor (NR)
passes exactly in a critical point, and fractal descrip-
tion is very important for description of behavior of
neutrons in a reactor. Practical importance for the
calculations of reactors can have a necessity of pass-
ing to neutron transport equation in fractional de-
rivatives, although often there is not sharp distinc-
tion between percolation processes and diffusion.

The importance of the relations of percolation
theory for neutron processes in the reactor is visible
from the fact that they allow you to immediately
interpreting the general relations of percolation
theory, an equation of the neutron multiplication and
the equation of the critical size of the reactor obtain.
The value should be helpful for the propagation
velocity of perturbations at the local supercritical.
Percolation is a critical process with a threshold, a
critical point. At the threshold of the flow occurs
along a fractal set, which is determined by the
geometry of criticality.  Fractal geometric
characteristics are independent of the microscopic
properties of the environment. The kinetic processes
below the critical point are limited of finite region of
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the phase space, scattering, absorption and other
neutron processes. At the critical point becomes
important fractal set, emerging at lower free energy
of the statistical ensemble. Nonequilibrium steady
states in fractal structures are chaotic, turbulent.

The evolution of hierarchical structures reduces
to the process of anomalous diffusion in ultrametric
space, resulting in a stationary distribution of the
hierarchical levels, which reduces to a power Tsallis
law inherent in non-additive systems. Tsallis
distribution is a special case of superstatistics related
with distribution containing lifetime [1], applied to
the study of processes in a nuclear reactor [2, 3].
Kinetics and transport processes in reactor fractal
structures requires of separate detailed study. In the
area of critical points appear long-range correlation
effects are manifested in the non-Gaussian behavior
of the kinetic processes, determines the topological
invariants of self-similar fractal sets. In transport
processes at the percolation threshold is used the
equation in fractional derivatives, taking into
account the effects of memory, nonlocality and
intermittency.

1. V.V.Ryazanov and S. G. Shpyrko, Condensed Matter
Physics 9, 1(45), 71 (2006).

2. B. B. Pa3anoB, Atomuas sueprus 99, 348 (2005).

3. B. B. Psazanos, Atomnas sueprus 110, 307 (2011).
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NEUTRON SPECTROMETRY METHOD FOR DETERMINATION
OF HYDROGEN CONTENT IN METAL HYDRIDES

P. M. Vorona, O. I. Kalchenko, V. G. Krivenko

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

Permanent attention to metal hydrides caused by
escalation of field of hydrides application in tech-
nique, especially perspective use in energetics [1, 2].
Practical requirements stimulate the investigations
and design the new methods of metal hydride devel-
opment on an industrial scale. In this connection it is
important to develop the new methods of analysis
(especially nondestructive) for hydrogen content in
metal hydride. This is the demand of escort control
at development and selection of the most effective
technologies of metal hydride synthesis. Among
nondestructive methods of analysis the important
position take nuclear physics methods [3].

Undestructive method for analysis of stoichio-
metric ratio in metal hydride MeH,, where index n —
the number of hydrogen atoms (H) per one atom of
metal (Me). Method is founded on the measurement
and analysis of the total neutron cross sections of
metal hydride samples for slow neutrons.

For experimental verification of this method and
its possibilities the measurements of total neutron
cross sections ¢,°”* for samples of titanium hydride
TiH, with different hydrogen concentration were

fulfilled. For evaluation of chemical purity of used
titanium metal and possible impurity contribution to
measured cross section of samples 7iH, . it was
measured the total neutron cross section of such
sample. In addition, for verification of this method
the measurement of standard sample, where the
stoichiometric ratio is well-known, was fulfilled.
Polyethylene (CH,) was used as a standard sample.
Neutron cross sections were researched with neu-
tron beam transmission method using the investi-
gated samples at horizontal channel of Research
Reactor WWR-M. Neutron energy analysis has been
done with neutron time of flight spectrometer [4].
Two types of spectrometer regime were used: en-
ergy resolution 0.9 mcs/m (energy range 0.0253 -
50eV) and 0.055 mcs/m (energy range 2.5 -
18000 eV). The list of several investigated samples
and the received results are placed in Table. As at
titanium hydride example it is shown, that the meas-
urement and analysis of total neutron cross sections
for samples TiH, allow to evaluate the value of ratio
metal-hydrogen in hydride (n) with accuracy ~ 1 %.

Parameters of investigated samples, measurement regimes and analysis of results

Parameters of samples Measurement regimes Measured and calculated data
O'tUbS
Sample marking C"%S entratiorzl, biemm:r):a re]sE(r)lleurt%(})In Energy (at stoich?ometric
107" mol/cm ER i range, eV E,=50¢V) .
mm mcs/m ratio
barn
TiH, - powder 166 1.5 x11 0.9 0.0253 - 50 40.5 +0.30 1.87 £0.02
TiH,- plate -1 235.1 1.5 x11 0.9 0.0253 - 50 43.6 +=0.50 2.03 £0.03
TiH,- plate -2 234.9 1.5 x 11 0.9 0.0253 - 50 41.1+0.40 1.90 +0.03
TiH,- plate -1 235.1 45 x 20 0.055 2.5 - 18000 43.4+0.24 2.02 +£0.02
Standard sample (CH,)
Polyethylene -1 | 366 | 15x11 | 0.9 | 0.0253-50 | 45.8+0.56 | 2.00+0.03

1. T.P. Chernyaeva and A.V. Ostapov, Problems of
Atomic Science and Technology. Ser. Physics of Ra-
diation Effect and Radiation Material Science, (87) 5,
16 (2013).

2. V.F. Zelensky, Problems of Atomic Science and
Technology. Ser. Nuclear Physics Investigations (85)
3,76 (2013).
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3. P. Khabibulayev and B. Skorodumov, Nuclear Phys-
ics Methods for Determination of Hydrogen in Mate-
rials, (Publishing House FAN, Tashkent, 1985), p. 96
(in Russian).

4. V.P. Vertebnyi, P. M. Vorona, A. 1. Kalchenko et
al., in Neutron Physics, All Union Conference, Kyiv,
1971, p. 24. Publishing House “Naukova Dumka”,
1972. Part 2, p. 232 (in Russian).
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EXCITON AUTOSOLITONS IN SEMICONDUCTOR QUANTUM WELLS
UNDER THE SLOT IN METALLIC ELECTRODE

O. I. Dmytruk®, V. I. Sugakov?

! Taras Shevchenko National University, Kyiv
2| nstitute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

The paper presents a continuation of investi-
gations of the indirect exciton condensation in
double quantum well under the slot in the metalic
electrode. An electron and a hole of the indirect
exciton are separated in the space into different
quantum wells that inhibits their mutual recombina-
tion, and as result the exciton has large value of a
lifetime. The condensed phase has been considered
phenomenologically taking into account the finite
value of the exciton lifetime with the free energy in
Landau - Ginzburg form [1, 2] .It was shown in the
previous works, that at some values of the pumping
G the uniform distribution of exciton density
becomes unstable and a periodical distribution of the
exciton condensed phase islands arises in the
quantum well in the form of a chain oriented along
the slot. The periodical structure exists at some
interval of pumping G <G<G,. Outside of this

interval the exciton density distribution is uniform
along the slot. In this paper

Fig. 1. Bright autosoliton.

[2] we showed that in this region there are solutions
in the form of localized islands of the condensed
phase side by side the uniform solution. In the case
of the dissipative system, which we investigate,
these localized states may be called “static
autosolitons”. The autosolitons exist in some region
of the pumping outside the regions where the
periodical structure arises. At G <G, autosoliton has

a shape of a peak (Fig. 1), and can be called “bright
autosoliton” by analogy with the soliton’s terminol-
ogy. At G > G, the autosoliton manifestates itself in

a form of a dip (Fig. 2, dark autosolitons). The
autosoltons are situated in the quantum well under
the center of the slot. With increasing the width of
the slot the position of the soliton shifts to the one of
the edges of the slot.

The autosolitons are excited by laser. They move
in nonhomogeneous external fields and may be used
in microscopic devices for the information transfer
controlled by laser.

1.6

G
z

170 60

Fig. 2. Dark autosoliton.

1. V.l. Sugakov, J. Phys.: Condens. Matter 21, 275803 2. O.l. Dmytruk and V.l. Sugakov, Physica B: Condensed

(2009).
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Matter 436, 80 (2014).
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EMISSION OF CONDUCTIVITY ELECTRONS FROM METALS, PRODUCED BY IONS

A. Ya. Dzyublik, V. Yu. Spivak

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

Lately the problem of secondary electron emis-
sion caused by the bombardment of solids by ions
became acute due to construction of metal strip de-
tectors [1]. Here we address the questions about
ejection of the conductivity electrons from the con-
ductivity band in metals, as well as the role of crys-
tal environment. It is done in analogy with our
treatment [2,3] of the shake-off process of
conductivity electrons, provided either by [ decay

of the nuclei or by electron capture and internal
conversion, which lead to abrupt alteration of the
Coulomb field governing electrons.

We treated conductivity electrons as an ideal gas
confined in the potential well. We analyzed emission
of the conductivity electrons from metals bombarded
by ions, taking for the first time into account
spreading of these electrons over the levels of the
conductivity band, corresponding to different
energies and momenta. We also took into account
the attenuation of the electron wave excited by an
ion inside the crystal, as well as its refraction at the
crystal surface. The interaction between the ion and

electrons was approximated by the screened
Coulomb potential, with the screening length
determined by the well known formula

1/2
r, = E'; . It occurs to be equal 5.8 nm.
6rne’n,

We performed numerical calculations of the
electron yield produced by protons and deuterons
incident on the golden film. For protons the results
are presented in Fig. 1, when its energy ranges from
0 to 100 keV.

The protons with such energies have velocities of
the same order of magnitude as the conductivity
electrons on the Fermi level. Therefore the electrons
are able to follow moving protons. In other words, a
proton entering the crystal gives rise to polarization
of electrons in the conductivity band, which then
moves together with the proton inside the crystal. As
a result, polarized cloud of electrons screens the
Coulomb field of the projectile. However, this
screening may be more weak than that in the case of
a stationary charge embedded in a crystal
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Respectively, the screening radius becomes larger
than r, given above. Therefore in Figure we

displayed also the curves for the screening lengths
2r, and 3r,. We see that the yield of secondary

electrons quickly falls down with decreasing
screening length. Such behavior has simple
explanation. With lowering screening radius the
attractive Coulomb potential of the ion narrows, that
is its effective attraction weakens. Then the
conductivity electron, moving relative to the ion,
spends less time in this potential well, that leads to
lowering of the kinetic energy transfer probability
from the ion to electron.

Notice that the emission curves for deuterons and
protons, when plotted as a function of their
velocities, completely coincide in correspondence
with the observations [4].

12
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Dependence of the electron yield from Au on the energy of
incident protons for different screening radii (r, = 5.8 nm).

1. V. Pugatch and O. Mykhailenko, Nucl. Instr. Meth.
AB81, 531 (2007).

2. A.Ya. Dzyublik and V.Yu. Spivak, Ukr. J. Phys., 53,
No. 2, 120 (2008).

3. A.Ya. Dzyublik and V.Yu. Spivak, Ukr. J. Phys., 55,
No. 4, 426 (2010).

4. B.A.Brusilovsky, Appl. Phys. A50, 111 (1990).
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ROLE OF SCREENING

IN COULOMB EXCITATION OF NUCLEI IN HOT PLASMA

A. Ya. Dzyublik!, G. Gosselin?, V. Méot?, P. Morel®

!Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
2 CEA, Centre DAM-lle de France, Arpajon, France

In hot plasma there are free electrons with ener-
gies sufficient for excitation of nuclei of ions. In
papers [1, 2] it was analyzed the inelastic scattering
of such electrons by nuclei, leading to their excita-
tion. Analytic formulas for the excitation cross sec-
tion of nuclei were derived using DWBA. However,
the role of screening of the nuclear field both by
bound atomic electrons and free electrons remained
unclear. This point has been clarified in [3].

We have shown first that the electrons, surround-
ing the nucleus, influence only the central Coulomb
field, which takes the form

2

vc(r)z—ZTeg(r), (1)

where g(r) denotes the screening factor. At the
same time, the residual Coulomb interaction provid-
ing the nuclear excitation remains unchanged. For
numerical  calculations we  were choosing
g(r)=exp(r/r,), where r, is the screening radius,
being calculated with the aid of the Debye - Hiickel
formula.

Now the incident and scattered electrons are de-
scribed by the waves, distorted by the screened field
(1). As usually, they are expanded in the partial
waves, labeled by the orbital angular momentum |,
and the Schrodinger equation for the radial wave
functions F (kr) is solved numerically. By using
these wave functions, we calculated then the Cou-
lomb excitation cross section o, (E)of nuclei by
incident electrons with the energy E. When E ap-
proximates the threshold energy E, the cross sec-

tion o, (E)~v,, where v, is the velocity of scat-

tered electrons. We calculated o, (E) for the E2

transition in the nucleus **'Hg from its ground state
3/2" to the first excited state 1/2° with the energy
E, = 1.556 keV. The results are presented in Fig. 1
as a function of AE = E—E; for a few values of the
screening radii. The value r;,=0.012nm corre-
sponds to weakly ionized atoms, r,=0.3 nm to
highly ionized ions of hot plasma and r, = 0.003nm

with extremely dense plasma, which may be realized
in dense stars. The line r, = 0.3 nm practically coin-

cides with that, calculated for the unscreened

ANNUAL REPORT —-2013

Coulomb field [1]. A screening becomes essential
only at r, ~0.01 nm, when AE varies in the inter-
val from 0 to 6 keV. At subsequent decreasing of I,

the cross section quickly falls down approaching the
line calculated in simple Born approximation igno-
ring the central Coulomb field.

Oexc(E). b

rp=0.3nm

rp=0.012 nm

o =0.003 nm

O 1 1 1 1
0 2 4 6 8 10

AE, keV
Fig. 1 Dependence of the Coulomb excitation cross
section of *'Hg on the energy of incident electrons.

We calculated also the Coulomb excitation rate
of the nuclei A, averaged over the distribution of
electrons in energies. For the density of electrons
n, =10 cm” the results are displayed in Fig. 2.

exc ?

0.15

0.1}

Aexc

0.05 r

0.003 nm

o 1 2 3 4 5 6 7 8 9 10
T, MK

Fig. 2 Temperature dependence of the excitation rate

of **"Hg for the same screening radii.

1. G. Gosselin, N. Pilet, V. Méot et al., Phys. Rev. C 79,
014604 (2009).

2. E. Tkalya et al., Phys. Rev. C 85, 044612 (2012).

3. A.Ya. Dzyublik, G. Gosselin, V. Méot, and P. Morel,
EPL 102, 62001 (2013).
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EXCITON STATES WITH PERMANENT DIPOLE MOMENTUM
IN TYPE Il SI;.xGEx SEMICONDUCTOR QUANTUM WELLS

G. V. Vertsimakha

Ingtitute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

Semiconductor Si/SiGe type II quantum wells are
extensively used to study collective effects of excitons
[1] due to long lifetimes of dipolar excitons that can be
created without external electric field application.

In Si;.«Ge,/Si;.,Ge,/Si/Si;«Gex heterostructures
with different Ge concentration in the neighbour
layers the electron and the hole can be spatially
separated in different quantum wells (see Figure, a).
It leads to the creation of the exciton states with the
permanent dipole momentum along the growth di-
rection of the heterostructure.

To calculate the energy and the wave function of
the lowest Wannier exciton state the variational
method was used with the trial function

(1, 2,2,)= f.(%) fu(z) o(1),

where T'=T,—T,, T, = (ﬁe(h), Ze(h)) are the electron
(the hole) position, the axis z coincides with the
growth direction, (p(f)z Ne™, Ais the varia-

tional parameter, Nis the normalization con-
stant. To calculate the one-particle wave function
for the heavy hole the numerical solution of the
Schrodinger equation for the valence band edge
profile the was obtained. The one particle wave
function for the electron was calculated with the use
of the variational method that was proposed in [2].
To calculate the band offsets on the interfaces of the
heterostructure Si;_,Ge, /Si;xGex the following ex-
pressions were used [3]:

AE,, (x,2)=[0.74-0.07z][x -z] eV  for the
heavy hole subband of the valence band;

AE,(x,2)=[0.67-0.093z][x—z] eV for
subband of the conduction band.

The following parameters were used for the cal-
culations: the dielectric constant € = 12.7, the effec-
tive masses of the heavy hole m, ,= 0.27m, and

A, -

My, = 0.19m,, the effective masses of the electron
for the A,-subband of the valence band m,,=
=0.92m, and m, = 0.19 [4].

Obtained wave functions allow to calculate the
dipole momentum of the state

P=e((z)-(z))e.
where e is the absolute value of the electron charge,

€, is the unit vector in the growth direction, <Ze(h)>
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is the average value of the electron (the hole) posi-
tion in this direction. The dipole momentum exists
even without applying an electric field and rises as
the Si;.,Ge, layer width rises due to the spatial sepa-
ration of the carriers (see Figure, b). For the very
thin Si;.,Ge, layers the hole wave function pene-
trates to the left Si;,Ge, barrier layer and the asym-
metrical shape of the wave function leads to the
increasing of the dipole momentum.

Dipole momentum, e R

45
E=0

-501 E=2.5 10° Vim

_55 -
E=5 10° V/m

-60 4

ol . . LA
30 40 50 60
b
A schematic illustration of the system (a). Depend-
ence of the dipole moment of the exciton state on the
width of the Si;.,Ge, layer for several values of the
external electric field intensity (b).

1. T.M. Burbaev, V.S. Bagaev, E.A. Bobrik et al., Thin
Solid Films, 517, 55 (2008).

2. A. Bellabchara, P. Lefebvre, P. Christol, and H. Ma-
thieu, Phys. Rev. B 50, 11840 (1994).

3. S.Galdin, P.Dollfus, V. Aubry-Fortuna
Semicond. Sci. Technol. 15, 565 (2000).

4. M.M. Rieger and P. Vogl, Phys. Rev. B 48, 14 276
(1993).
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ANALYTIC MODEL OF HOPPING TRANSPORT IN ORGANIC SEMICONDUCTORS
INCLUDING BOTH ENERGETIC DISORDER AND POLARONIC CONTRIBUTIONS

I. I. Fishchuk,! A. K. Kadashchuk,? A. Kohler®, H. Bassler®

!Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

2| ngtitute of Physics, National Academy of Sciences of Ukraine, Kyiv
3 Experimental Physics I and Bayreuth Institute of Macromolecular Research, Bayreuth, Germany

We developed an analytical model to describe
hopping conductivity and mobility in organic semi-
conductors including both energetic disorder and
polaronic contributions due to geometric relaxation.
The model is based on a Marcus jump rate in terms
of the small-polaron concept with a Gaussian ener-
getic disorder, and it is premised upon a generalized
Effective Medium approach (EMA) yet avoids
shortcoming involved in the effective transport en-
ergy or percolation concepts. In this approach the
effective charge carrier conductivity o, can be cal-

culated from the equation
G,—0C
—z_—e3=0. (1)
G, +20,
Here o, is the conductivity in two-site cluster, and
the angular brackets denote the configuration aver-
aging. The effective charge carrier mobility p, can

be calculated from the expressionp, = c,/en, where

N is the charge carrier density.

It is superior to our previous treatment [1, 2]
since it is applicable at arbitrary polaron activation
energy E, with respect to the energy Gaussisn dis-
order parameter ¢ It can be adapted to describe both
charge-carrier mobility and triplet exciton diffusion.
The model is compared with results from Monte-
Carlo simulations and is obtained very good coin-
cides. In case of very low charge carrier density an
expression for the effective mobility p, has the form

2
E c
——a _C|—1 |. 2
U o€ €Xp T [kBT” ()

If E,<<o, we have Factor C=0.44 and if
E, >> o, we have C~0.1. Factor C versus o/E,
is presented in Figure.
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Factor C versus o/E, calculated by the present the-

ory and theory of paper [3]
(solid and dashed blue curves, respectively).

We show (i) that the activation energy of the
thermally activated hopping transport can be de-
coupled into disorder and polaron contributions
whose relative weight depend non-linearly on the
o/E, ratio, and (ii) the o/E, ratio governs also the
carrier concentration dependence of the charge-
carrier mobility in the large-carrier-concentration
transport regime as realized in organic field-effect
transistors. The carrier density dependence becomes
considerably weaker when the polaron energy in-
creases relative to the disorder energy, indicating the
absence of universality that is at variance with ear-
lier results [3].

1. 1. Fishchuk, V.I. Arkhipov, A. Kadashchuk et al.,
Phys. Rev. B 76, 045210 (2007).

2. LI Fishchuk, A. Kadashchuk, and H. Bissler, phys.
stat. sol. (c) 5, 746 (2008).

3. J. Cottaar, L.J. A. Koster, R. Coehoorn, and P.A. Bob-
bert, Phys. Rev. Lett. 107, 136601 (2011).
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SILICON PLANAR STRUCTURES AS DETECTORS
FOR MICROBEAM RADIATION THERAPY

l. E. Anokhin, O.S. Zinets

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

Nowadays microbeam radiation therapy is widely
used for cancer treatments [1]. It allows minimizing
the side effects of irradiation using highly spatially
fractioned X-ray beams of micrometers sizes. The
extremely high dose rate (~20 kGy/s), laterally frac-
tionated radiation field and steep dose gradients
utilized in this therapy require the real-time readout
and a high spatial resolution.

In the present work responses of silicon planar
structures under different geometry of irradiation
(front and lateral) have been studied. The spatial
resolution and the efficiency of detectors are deter-
mined by the charge collection in the space charge
region and in the diffusion region. Spatial resolution
depends on geometry and sizes of the sensitive vol-
ume. The results of the calculations of the diode
responses for edge on irradiation geometry for a
simple physical model have been presented.

Measured response of a detector R(Xp) (Xo is the
beam scanning position) for a beam with the inten-
sity distribution profile F(X) can be written as fol-
lows

R(%) = U4 =)F(dx= [ U(X)F (% - X)dX ,

where U(X, - X) is a response function on §-function
beam profile.

Analysis of the response with known functions
F(X) and U(X -X) allows obtaining required the
position resolution of detectors.

The diode response R(X) is proportional to the
diode current and is determined by absorption x-ray
in the diode and charge collection in the space
charge region (SCR) and the diffusion region.

The contribution from space charge region is
equal to the current

Jor = I g(Xx, %,)dx,
0
where g(X, X) is the generation rate of electron-hole
pairs under irradiation, Wscr is the width of SCR.

Contribution of the generation in the diffusion

region to the diode current is

ep, JANCXX,)
dX X=Weer

where An(X, Xo) is the excess carriers density in the

diffusion region.

In the case of a low resistivity base of a diode the
AN(X, Xp) were found from the solution of diffusion

‘]diff =

>
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equation with corresponding boundary conditions.
The response function U(Xo) for our model can be
obtained analytically as functions of Wgg the diffu-
sion length (Lgx) and width of the detector base
(Wbase)-
The total response of diode is

Ja (%) = Jscr () + I (X, -

The measured response of sequences of mi-
crobeams [2] (Fig. 1a) may be described analytically
using the stepwise response function. The calculated
response on the sequence of rectangular microbeams

is shown in Fig. 1b.
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Fig. 1a. The experimentally measured central microbeams.
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Fig. 1b. The calculated response for rectangular beams
(Wheam = 62 um, Wgcr + Lgisr = 62 pm, Whase = 50 pm).

Comparison of the experimental results with the
analytical ones shows that real beams have rectangu-
lar profile with the beam width approximately equal
to the width of the response function (~Wgr + Lgit).

Details of calculation have been presented in [3].

The experimentally observed response can be
well described in a simple physical model.

1. E.Bréduer-Krisch, R. Serduc, E.A. Siegbahn et al.,
Mutation Research 704, 160 (2010).

2. M.L.F. Lerch, M. Petasecca, A. Cullen €t al., Radia-
tion Measurements 46, 1560 (2011).

3. 1. Anokhin, O. Zinets, A.Rozenfeld et al., IEEE
NSS-MIC 2013, Conference records NP-44, p.164.
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IRRADIATION EMBRITTLEMENT OF WWER-1000 RPV WELDS
AT HIGH NEUTRON FLUENCE: SURVEILLANCE TEST EXPERIENCE

V. M. Revka, L. I.Chyrko, O. V. Trygubenko

Ingtitute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

Thirteen NPP units with WWER-1000 reactor
pressure vessel are operated in Ukraine now. In or-
der to ensure RPV safe operation during the design
life time the changes in mechanical properties of
RPV beltline materials are periodically assessed in
line with the surveillance program requirements. For
this purpose the static tension, Charpy impact and
static fracture toughness tests are carried out. The
radiation hardening and embrittlement rate of RPV
materials are assessed using surveillance test data.

In this paper the Charpy impact test data are con-
sidered for unit 3 and 4 of Zaporizhya NPP. The
experimental results for weld metal were included
to the analysis. The WWER-1000 RPV welds are
fabricated of Cr-Ni-Mo steel (wire
Sv-12Ch2N2MAA). These welds have the high
nickel (1,55 and 1,7 % wt) and medium manganese
(0,67 and 0,65 % wt) contents for the NPP, unit 3
and 4, respectively. The copper content in materials
is not more than 0,05 % wt. The Charpy V-notch
specimens were irradiated with the maximum lead
factor of 3.5 in the neutron fluence range (8,6 +
75,5):10% m™ at the temperature about 300°C. The
highest fluence was accumulated in specimens dur-
ing 24 fuel cycles (~ 154154 effective hours).

The design of the surveillance assemblies and
their location in WWER-1000 reactor pressure ves-
sels lead to their irradiation with the non-uniform
neutron flux. As a consequence there is a relatively
high scatter of neutron fluence for the specimen sets
which are used to evaluate the radiation shift of tran-
sition temperature. To meet PNAE G-7-002-86 re-
quirements regarding the fluence scatter the recon-
stituted specimens have been tested in addition to
the standard surveillance program. The electron
beam welding technique was applied for the speci-
men reconstitution.

The analysis of tensile test data has shown the
fluence dependences of yield strength increase is
consistent with hardening model AR, = BF‘(F)M.
Furthermore, it has been found out that ZANPP-4
RPV weld is more susceptible to irradiation than
ZANPP-3 RPV with the yield strength increase. This
outcome is most probably related to the higher Ni
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and Cu content for ZANPP-4 RPV weld comparing
to ZANPP-3.

In addition the Charpy impact tests were carried
out to estimate the ductile-to-brittle transition tem-
perature shift ATr and the irradiation embrittlement
coefficient Ar (which is a functional equivalent of
the chemistry factor) for the studied materials. The
maximum shift ATr owing to the neutron irradiation
is 71°C. The analysis of fluence dependences of the
transition temperature shift has shown the design
embrittlement curve in the form of AT = Ap(F)"
with the power exponent n = 1/3 to describe well the
experimental results (see Figure).

120
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Neutron fluence (E > 0,5 MeV), 10% m*

Irradiation embrittlement rate for WWER-1000 RPV
weld metal (ZANPP-3 and ZANPP-4).

Furthermore, the surveillance test data for the
studied welds allow to conclude that the enhanced
embrittlement related to late blooming phases is not
observed in spite of high nickel content. The irradia-
tion embrittlement rate is in line with PNAE
G-7-002-86 design requirements (Ar = 20°C) up to
the neutron fluence 75,5:102 m™. In addition, the
fracture toughness test data for the high fluence val-
ues confirm the Charpy impact test results. This
outcome can be explained by relatively low Mn
content (~ 0,65 % wt) in weld metal.
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RPV STEEL STRENGTH CHARACTERISTIC MODIFICATIONS
UNDER LONG-TERM IRRADIATION

V.M. Revka, O. V. Trygubenko, Yu. V. Chaikovskyi, L. I. Chyrko

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

Understanding the mechanisms of the radiation
damage and the change of mechanical properties of
nuclear reactor vessel steels is the important task for
the whole reactor facility safe operation substantia-
tion. Of late more and more attention is given to the
irradiation effect on the vessel material hardening
[1]. This issue has been indeed actual during several
decades but the majority of works are devoted to the
effect of the accelerated irradiation on the steel har-
dening [2].

The possibility to analyze the RPV steel degree
of hardening in the conditions of the long-term neu-
tron irradiation by means of the testing the unloaded
from the reactor surveillance specimens that accu-
mulated the fluence close to the design one has ap-
peared recently. The surveillance specimens are
irradiated in the conditions similar to those of the
reactor vessel inner wall (fluence, rate of fluence
rise, temperature) Therefore, the results of their test-
ing will present the most precise characteristics of
the reactor vessel metal strength after irradiation.

The aim of this paper is determination of the
irradiation effect on the RPV steel hardening, i.e.
both obtaining the experimental dependence of the
strain-hardening coefficient on the fast neutron flu-
ence at the long-term irradiation of a metal during
the power reactor operation and comparison of the
RPV steel hardening data obtained by the surveil-
lance specimens testing with the known in the litera-
ture experimental data obtained under the acceler-
ated irradiation.

To obtain the strength characteristics uniaxial
tensile testing of 3 mm in diameter and with 30 mm
effective length cylindrical specimens has been
carried out. The specimens were irradiated in the
reactor at the temperature of ~ 300°C during 24
fuel campaigns at the neutron flux density
~ 10" neutr/m*/s. During this period the maximum
accumulated by the base metal fast neutron fluence
(E > 0,5MeV) constituted 55,6:10* neutr/m”> and
that of the weld metal was 73-10%* neutr/m’.

The strain-hardening coefficient m was deter-
mined by the formula
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R=K¢",

where R is a tensile stress; K is a strength factor; ¢ is
a specimen deformation.

The results of investigations show the m value to
decrease with the accumulating the fluence for the
base and weld metals (see Figure), i.e. the section of
the chart corresponding to the specimen uniform
elongation becomes more sloping and the yield
point limit value approaches the strength boun-
dary R,, this is the result of the steel hardening un-
der the irradiation effect.

m
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&
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Coefficient m vs fast neutron fluence
for weld metal at test temperature 350 °C.

Besides, the comparison of the steel hardening
levels owing to the accelerated irradiation in the
research reactors and the long-term irradiation in the
commercial reactors during operation demonstrates
the relation change of R;0./Rnm to be practically the
same in both cases. But it should be pointed that
such a change is rather noticeable since the stable
growth of Ry0./R,, and coefficient m decrease are
observed with the fluence accumulation.

1. A. Ballesteros, R. Ahlstrand, C.Bruynooghe et al.,
Progress in Nuclear Energy 53, 756 (2011).

2. N.N. Alekseenko, A.D. Amaev, LV. Gorynin, and
V.A. Nikolaev Radiation damage of water-water re-
actor vessel steel, edited by 1.V. Gorynin (Energoiz-
dat, Moscow, 1981), 192 p.

INSTITUTE FOR NUCLEAR RESEARCH NASU



RADIATION PHYSICS AND RADIATION MATERIAL SCIENCE

WWER-1000 RPYV HEAT AFFECTED ZONE MECHANICAL PROPERTIES
ASSESSMENT BASED ON SURVEILLANCE TEST DATA

V. M. Revka, L. 1. Chyrko, O. V. Trygubenko

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

According to the surveillance program require-
ments in Ukraine a radiation embrittlement of RPV
materials is being evaluated using surveillance test
data for base and weld as well as heat affected zone
metal. In order to estimate the radiation embrittle-
ment rate the regulatory guide PNAE G-7-002-86
requires using the Charpy impact test data. How-
ever, an experience has shown that HAZ metal in
unirradiated and irradiated condition reveals a high
scatter in the test data to get the Charpy curve. It is
related to a position of V-notch on the Charpy speci-
men. This issue does not allow to determinate the
radiation shift of transition temperature reliably. So
the Charpy impact test data for HAZ metal is not
considered in the analysis of RPV material embrit-
tlement.

Nevertheless in this study the surveillance test data
for HAZ metal has been analyzed in view point of
radiation hardening and embrittlement in comparison
to base and weld metal. For the analysis the tensile
and Charpy impact test results have been used for
nine WWER-1000 reactor pressure vessels for which
the HAZ surveillance test data are available.

The RPV materials (base, weld and HAZ metal)
for nine NPP units with WWER-1000 type reactor
were included in the analysis. Specimens were irra-
diated in the standard surveillance capsules up to the
neutron (E>0,5MeV) fluence of 68,7:10" m™.
Irradiation temperature was about 300°C. The sur-
veillance specimens were irradiated by neutron flux
of about 10" m?/sec that is usual for WWER-1000
type reactor irradiation condition.

The analysis has shown in the most cases the ini-
tial Ty temperature for base metal is lower or compa-
rable to that of HAZ metal. In addition the radiation
embrittlement rate obtained from surveillance test
data for HAZ relative to base and weld metal is repre-

sented in Figure where the ratio of Ar coefficients
HAZ
F

Base and
F

(chemistry factors) for RPV materials (i.e.

HAZ
ﬁ) is used. For all reactor pressure vessels con-
F
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sidered the radiation embrittlement rate for HAZ
metal is lower than for base and/or weld metal with
the exception of unit Y. This outcome is most proba-
bly related to a comparatively high content of copper
(0,12 % wt) and phosphorus (0,01 % wt) in the unit Y
lower shell. Furthermore, the embrittlement rate of
HAZ metal for a unit W reactor pressure vessel is
higher in comparison to weld metal that is also un-
usual for RPV materials considered.
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Fig. 1. Radiation embrittlement rate for HAZ relative
to base and weld metal.

In addition the analysis has shown the relation
between the yield strength increase and transition
temperature shift due to irradiation for RPV materi-
als results in a factor of 0,6 in average. This outcome
is close to a known empirical -correlation
AT4y = 0,7°ARy, for pressure vessel steels [1].
However, for the unit Y heat affected zone metal the
high embrittlement rate is not consistent with radia-
tion hardening considering the abovementioned
correlation that can be associated with additional
radiation damage mechanism.

1. G.R.Odette, P.M. Lombrozo, and R.A. Wullaert in

Effects of Radiation on Materials (12th Int. Symp.),
ASTM STP 870 (Philadelphia, PA, 1985), p. 840.
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MIG-053 - COMPACT GAMMA-SPECTROMETER FOR THE ANALYSIS
OF FOOD AND BUILDING MATERIALS

0. A. Berzin®, I. M. Vishnevskyi', S. A. Karpenko’, T. V. Mykytiuk', E. E. Petrosyan',
S. S. Pogulay', V. N. Pryymak’, M. V. Shestakov*

! Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
? Concern SouzEnergo, Novomoskovsk, Dnipropetrovsk region
7 Positron GmbH, Zhovti Vody, Dnipropetrovsk region
Y NPK “Spectrum*, Kyiv

Modern gamma-spectrometers are complex and
expensive devices with specialized software that re-
quires special training of the user. Usually, gamma-
ray spectrometers have the heavy and bulky low-
background lead shielding. As often in practice dur-
ing as field and laboratory measurements do not re-
quire high accuracy measurement. The creation of
small or portable gamma-ray spectrometers, for work
directly on the point of measurement is actually. [1]

In this paper was developed inexpensive compact
scintillation gamma-spectrometer MIG-053 (see
Figure), for analysis of food products and building
materials for the presence of natural and man-made
radionuclides. The detector block of the gamma-ray
spectrometer is based on the crystal Nal(Tl) 25 x
x 25 mm with a resolution of 10 % for the 662 keV.
The thickness of the lead shielding is 15 mm, which
provides attenuation of gamma-rays in the back-
ground to 1.5 times the energy of 1.5 MeV. Based
on the accumulated spectra, cesium-137, K-40, and
the background were determined by the minimum
detectable activity - 17.7 and 230 Bq, respectively.
This makes it suitable for the analysis of most food
products of all classes and building materials.

Control of the spectrometer is performed using a
PC via a specially created program with the ability
to import spectrometric data in MS Excel. To calcu-
late the activity of the radionuclide is used method
of regression analysis [2]. Program of calculation of
the activities is implemented in MS Excel 2010.
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Weight MIG-053 protection does not exceed
12 kg, that makes it easy to ship that device and
install on-site measurements. MIG-053 spectrometer
can be used in medical institutions, research and
university laboratories.

1 - metal stand; 2 - power supply of PMT and analyzer of
pulse signals; 3 - a metal tube; 4 — PMT; 5 - crystal
Nal(T1); 6 - lead shielding; 7 - lead cover shielding.

1. A.Bezshyyko, I.M. Vyshnevskyi, R.V. Denisenko et
al., Nucl. Phys. At. Energy 12, No. 4, 400 (2011).

2. N.Draper and H. Smith, Applied Regression Analy-
sis. Multiple regressions, 3rd ed. (Dialectics, M.,
2007).

INSTITUTE FOR NUCLEAR RESEARCH NASU



RADIATION PHYSICS AND RADIATION MATERIAL SCIENCE

EFFECT OF THERMAL ANNEALING AND COOLING CONDITIONS
OF P-DOPED n-Si CRYSTALS ON THE TEMPERATURE DEPENDENCES
OF THE CHARGE CARRIER MOBILITY IN THE IMPURITY SCATTERING REGION

G. P. Gaidar

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

The problem of the control of the physical prop-
erties of semiconductors by various treatments is
particularly topical regarding silicon because of the
development of new technological materials and
applications [1,2]. The single crystals of silicon
used in the microelectronics and instrument-making
industries materially alter their physical characteris-
tics under the influence of various physical ac-
tions [3].

The following are the results of the experiments
carried out on Czochralski-grown crystals of
P-doped #n-Si  with specific resistance of
p3oox = 0.3 Ohm cm grown along the [001] direction
under nitrogen. The purpose of the carried out
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Fig. 1. Temperature dependences of the charge carrier
mobility logp=f(log7) for samples of P-doped n-Si
(p300k = 0.3 Ohm-cm): virgin (/); after high-temperature
annealing at 1200°C and cooling: slow cooling
(~1°C/min) (2); rapid cooling (~1000°C/min) (3).

Electrical conductivity and Hall measurements
were carried out for the virgin crystals and the crys-
tals after the designated thermal annealings (with the
respective cooling rates from the temperature of
T,.,). The dependences of the charge carrier mobility
on the temperature logy = f'(log7) calculated based
on the data of the Hall measurements for all these
cases are exhibited by the respective curves in Fig. 1
(for the crystals annealed at 1200 °C) and Fig. 2 (for
the crystals annealed at 500 °C).

It is found that, in the region of mainly impurity
scattering, the behavior of the charge carrier mobil-
ity p=p(7) of the P-doped n-Si(Cz) at cooling
with various rates on the temperatures of the thermal
annealing essentially depends on the temperature of
the annealing of the silicon crystal that was cooled
further. Second, the dependences p=p (7) within
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experiments is the detection of the influence of the
thermal annealing and the cooling conditions on the
charge carrier mobility p within the temperature
range of 20 < 7<300 K, which overlapped (for a
predetermined level of doping of the crystal) the
range from the region of mainly impurity scattering
to the region of mainly phonon scattering. High-
temperature  (7,,, = 1200°C, ¢=2h) and low-
temperature (7,,, = 500°C, ¢t =2 h) annealings were
used in this work. The crystals were cooled from
Tonn to T=300K in various modes: with a rate of
~1000°C/min (rapid cooling) and ~1°C/min (slow
cooling).
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Fig. 2. Temperature dependences of the charge carrier
mobility logu=f(log7) for samples of P-doped n-Si
(P300k = 0.3 Ohm-cm): virgin (/); after annealing at 500°C
and cooling: slow cooling (~1°C/min) (2); rapid cooling
(~1000°C/min) (3).

the area of mainly impurity conductivity of the crys-
tals of n-Si annealed under high temperatures
(1200 °C) appear to be more sensitive to the charac-
ter of the cooling of the samples or to the tempera-
ture of the annealing than the samples annealed at
lower (500 °C) temperatures.

The results obtained in this work should be taken
into account both at the development and substantia-
tion of the technology of solid-state devices manu-
facturing and at determining the quality of the
source raw materials that are the basis of the devices
development.

1 S. Oda, Mat. Sci. Eng. B 101(1-3), 19 (2003).

2 J. Vanhellemont, E. Simoen, J. Electrochem. Soc.
154(7), H572 (2007).

3 V.M. Talanin and I. E. Talanin, Izv. Vyssh. Uchebn.
Zaved., Materialy Elektronnoi Tekhniki (4), 4 (2002).
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DOSE EFFECTS IN SILICON IRRADIATED WITH HIGH ENERGY LIGHT IONS

V.1 Varnina', 1, P. G. Litovcheno', L. S. Marchenko', M. B. Pinkovska',
V.M. Popovz, M. L Starchykl, H. G. Shmatko', M. L. Dmytruk3, 0. S. Kondratenko®

! Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
2 . . . .
Research Institute of Microdevices, Kyiv
3 Institute of Semiconductor Physics, National Academy of Sciences of Ukraine, Kyiv

Study of optical and structural properties of Si
irradiated with 6.8 MeV hydrogen (protons) and
27.2 MeV helium (a-particles) ions with nearly the
same projective range had shown that at high doses
new conditions of radiation defects’ creation
appeared due to defects’ interactions.

When proton fluence increases from 1,9-10'7 cv 2
to 3-10"7 cm 2, the 477 em™ line (forbidden previously
by the crystal symmetry law) is discovered and bands,

connected with one-phonon and Si-H-bonds’
3
- 2
3 1,
)
1
0 Al M
1200 800

k, cm-1 400
Fig. 1. Differential absorption spectra of Si for proton
doses: 7-1.9-10" cm?; 2-3- 10" cm™.

x 60

Fig. 3. The picture of selective etching of Si irradiated
with protons, fluence 3,0 - 10" em™.

In the case of (3 - 3,5) - 107 cm ? proton irradia-
tion the “wall”-like defects were extended beyond
ion stopping region at the depth equaled to the dou-
ble ion projective range (Fig. 3).

For a-particles 1 - 10'7 cm? such effect was ob-
served only by raster electron microscopy.

Microprofilogram of the surface (cross-section)
of alpha-irradiated silicon fixes the essential differ-
ence of surface profile in the pass and beyond ion
projective range due to the creation in the first case
vacancy complexes and helium deposition (Fig. 4).
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bounded absorptions in IR- absorption spectra vanish
(Fig. 1). It testifies about decrease of the role of point
defects and increase of the probability of their inte-
ractions.

From selective etching experiment and raster
electron microscopy the “walls” of defects placed
perpendicularly to the direction of irradiation were
observed in the projective range of ions (Fig. 2).
Number of walls depends on ion beam intensity.
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Fig. 4. Microprofilogram of the surface (cross-section) of
alpha-irradiated silicon in the ion projective range («) and

beyond it (b). The dashed line points the straggling posi-
tion.

Received from multiangle monochromatic ellip-
sometry the sharp changes of silicon complex refrac-
tive index at fluences 1-10'" cm™ for protons as

well as for a-particles testify also about changes of
conditions of defects’ creation.

Summing, at high energy proton and a-particle ir-
radiation of Si new stage of defects’ ordering due to
their self organization appears. The spreading of

defect “walls" beyond ion projective range testifies
about long range effect.
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ELECTRIC-OPTICAL PROPERTIES OF GaAs; Py, LIGHT EMITTING DIODES

0. V. Konoreva, V. P. Tartachnyk, E. V. Malyj, L. V. Petrenko, V. M. Popov*, M. B. Pinkovska

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
* Research Institute of Microdevices, Kyiv

GaP light-emitting diodes due to their simplicity
and cheapness are widely used in industry and
housekeeping. Diode structures fabricated on the
base of GaAs-GaP solid solutions and geterostruc-
tures makes it possible to widen the spectral lumi-
nescence band and to shift it maximum into neces-
sary direction. While doping the material by izoelec-
ton nitrogen impurities the luminescent centres, the
exciton bond energy on which is fixed according to
the bottom of C-zone, ensure the receiving of effec-
tive orange, red and yellow emitters. High bright-
ness is obtained if x value in GaAs; Py is close to
0.4, when material becomes flat-zone-type and
probability of luminescent recombination grows.

As main luminescent and electrical properties of
GaP LEDs had been studied before it was desirable
to compare its with characteristics of devices made
on composite materials.

In given paper the results of electrical-optical
characteristics of orange, red and yellow LEDs
desighed on the base of solid solution GaAs; Py
were studied. Electroluminescence spectra and
current-voltage characteristics of diodes were
measured in 77-300 K temperature interval.

Spectral curve posess emitting lines of excitons
and their phonon replica. The most intensive is the
line, connected with recombination of exciton,
bounded on the pair of neghborous nitrogen atoms.
The intensity of the line displais the sharp
temparature  dipendence and drops  while
temperature increases.
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As in the case of GaP LEDs, the regions of the
negative defferential resistance (NDR) appear on
voltage-current characteristics while measuring in
the current generating mode at temperatures below
145K (see Figure). The direct current characteristics
of GaAs,Px LEDs desintegrates onto two separate
parts.
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Direct part of voltage-current characteristics of GaAs; Py
LEDs at different temperatures.

One can consider that the pecularities observed
are formed in the process of capture of free charge
carriers by the deep levels located in the borders of
i-layer of p-n- junction.

The existance of LEDs in the instability condi-
tions might be used in order to desighn on its origin
the generator of low temperature light vibrations.
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ANALYSIS OF MODERN METHODS FOR REGISTRATION OF IONIZING RADIATION
AND THE FUTURE TRENDS FOR DEVELOPMENT OF SEMICONDUCTOR DETECTORS

G. P. Gaidar, O. V. Tretyakova, 1. M. Vyshnevskyi

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

With the development of methods for registration
of ionizing radiation, their role increases in the study
of various phenomena, and now hard to find such
field of knowledge where these methods have not
been applied. For example, the radiation physics,
radiation genetics, radiation chemistry, physics of
elementary particles, astrophysics, medicine, geol-
ogy and other areas are directly connected with the
use of radiation detection methods.

In contrast to measurements of many continuous
physical quantities in the classical physics (mass,
speed, distance, time), measuring of ionizing radia-
tion characteristics has a discrete character. This is
due to the fact that all carriers of such radiation are
the separate particles or quanta of the electromag-
netic field. By the continuous quantities we can pass
only in the integral approximation. Depending on
the type of particles that must be registered and the
intensity of the radiation fields, different types of
detectors are used, respectively.

The authors made a detailed analysis of modern
methods for registration of ionizing radiation, the
features of semiconductor detectors were conside-
red. Their place among other detection methods was
determined; the future trends for their development
were discussed, as well as the material for publica-
tion as a review was prepared. Special attention is
drawn to the study of different types of detectors,
which are developed and investigated depending on
the specific nuclear-physics problems directly in
KINR of NAS of Ukraine, particularly in the De-
partments of High Energy Physics, Nuclear Struc-
ture, Radiation Physics, in the Laboratory of Plasma
Technologies.

Modern methods of research on the charged par-
ticle beams and synchrotron radiation make rigid
terms regarding the size and stability of the beam
position in the space. The technology for production
of hyperfine (2 p) metal-film microstrip detectors
(MMD) based on the microelectronic photo-
lithography and plasma-chemical etching, capable to
register the ionizing radiation fluxes over a wide
energy range and intensity, was developed in KINR
of NASU.

In comparison with known sensors of other type,
MMD have an indisputable advantage [1], since they
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are characterized by parameters such as transpar-
ency, radiation hardness (> 100 MGy), high spatial
resolution (up to 2 p), a unique production technol-
ogy, low operating voltage (up to 20 V) [2]. MMD
prototypes made by the developed technology have
been successfully tested on the beam of synchrotron
radiation in the research centre DESY (Hamburg,
Germany).

Among the devices of nuclear spectrometry an
important place is occupied by semiconductor detec-
tors [3]. In KINR of NASU the following types of
detectors with different operational characteristics
are developed and manufactured: surface-barrier
detectors of total absorption (E-detectors) based on
high-resistance silicon of n and p type conductivity
for spectrometry of nuclear radiation; detectors of
specific losses of charged particles (dE/dx-detectors)
for the use in telescopes to determine the mass spec-
trum of charged particles that are involved in the
complicated nuclear reactions; drift silicon-lithium
detectors (Si(Li))-detectors) based on silicon com-
pensated with lithium for spectrometry of charged
particles. Detectors have high energy resolution,
considerable working area and wide range of sensi-
tive area thickness.

Detectors designed and manufactured in KINR of
NAS of Ukraine are used in various fields of science
and technology (spectrometry of nuclear radiation,
detectors of neutron, o-, (-, y-radiation, precise
measurements of the spatial distribution of radiation
fields, etc.), in the nuclear-physics measurements on
accelerators of the charged particles (Dubna,
CERN).

According to the analysis conducted by the au-
thors of the review, priority directions of research
for getting more perfected semiconductor detectors,
in particular, based on silicon, were determined.

1. V.Pugatch, V. Aushev, C. Bauer et al., Nucl. Instr.
Meth. A535, 566 (2004).

2. 0.S.Kovalchuk, V.M. Pugatch, O.A. Fedorovych et
al., in Book of Abstracts. Annual Scientific Conference
(KINR of NAS of Ukraine, 28 January — 1 Febru-
ary, 2013),p. 17.

3. G. Lutz, Semiconductor radiation detectors (Springer,
1999), 350 p.
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GEODESIC ACOUSTIC MODE IN TOKAMAKS:
LOCAL CONSIDERATION AND EIGENVALUE ANALYSIS®

Ya. I. Kolesnichenko, B. S. Lepiavko, V. V. Lutsenko

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

A set of MHD equations describing the Geodesic
Acoustic Mode (GAM) in tokamak plasmas is de-
rived. The obtained equations take into account the
presence of the energetic ions and allow to study
energetic-ion-driven GAM instability perturbatively
or non-perturbatively (EGAM mode). They are ap-

plicable to plasmas with Pg><1, where

B=B./(1+B,), B, =c’ /v, ¢, is the sound veloc-

ity, v4 is the Alfveén velocity, ¢ is the tokamak safety
factor. Using these equations, GAM/EGAM instabi-
lity is studied in a local approach and by means of
the eigenvalue analysis. It is shown that f-coupling
(the coupling of Fourier harmonics of the perturba-
tion due to finite f-ratio of the plasma pressure to
the magnetic field pressure - and the curvature of the
field lines) can be responsible for the radial structure
of the GAM-mode.

A conclusion is drawn that conditions for the
GAM/EGAM instability to arise are mildest in the
case of counter-injection of energetic ions with pitch
angles y° < 0.6 and large ratio of Larmor radius of
the energetic ions to a characteristic length of inho-
mogeneity of these ions. A numerical code solving
the derived equations is developed. Specific calcula-
tions are carried out for tokamaks with a non-
monotonic safety factor. On the other hand, it is
found that due to the presence of the energetic ions
the GAM / EGAM continuum can have an extre-
mum even when the safety factor, ¢(7), is mono-
tonic, which indicates that global modes can exist
also in this case (see Figure).
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Dependence of an EGAM continuum branch on the radial

profile of the energetic ions when n,(0)/n(0) = 5 % and

n,(r)oc n,(0)N1—7>/a® : solid line (black), the energetic
ions are absent; dotted line (red), n,(r) = n(0)(1 - r*/a*)?;
dashed line (blue), n,(r) = n 0)(1 - r*/a*)”*. We observe
that (i) a considerable positive slope of w(7) in the region
rla < 0.4 is formed due to energetic ions; (ii) the fre-
quency of the maximum is approximately the same in the
absence of the energetic ions and in the presence of these
ions with a peaked radial distribution.

* This work is published in Plasma Phys. Control. Fusion 55, 125007 (2013).
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FAST ION PUMP OUT INDUCED BY SATURATED INFERNAL MODE

V. S. Marchenko

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

The so called “hybrid” regime attracted much at-
tention in tokamak research [1]. Such equilibria are
characterized by the flat profile of the safety factor,
g, in the wide central core, with g ~ 1 in this region.
The main advantage of the hybrid shots is the ab-
sence of sawteeth, which are the main triggers of the
harmful neoclassical tearing modes.

When ¢ in the shear-free core approaches 1, hy-
brid equilibria become prone to the so called “infer-
nal” modes (IM) [2, 3]. Due to absence of the mode
rational surface, IMs quickly saturate by increased
bending of perturbed field lines and form the long-
lasting equilibria with helical distortion of the cen-
tral core up to 1 cm.

Strong enhancement of the fast ion losses in the
presence of saturated IMs has been observed in the
MAST tokamak (see Figure from [4]). In the present
work it is shown that such enhancement can be
caused by convection of the well-passing fast ions,
which are trapped into Doppler-precession reso-
nance, kv, +o,(r,)=0, with finite-amplitude infer-

nal mode. Convection arises during slowing down of
resonant particle on electrons, due to outward shift
of resonance position, or, /0v < 0.

Averaged over flux surface and over distribution
of particles in velocity space, convection speed is
given by

16
=——v.4, 1
" min(e,/e,) ’ o
where € (g,) is the injection (critical) particle en-

ergy, v,is the slowing down rate, and JAis the
radial width of the resonance determined by the
diamagnetic part of the precession frequency, o, .
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Fast ion losses seen by counter-viewing bolometer
during MAST discharge 21781. A peak in the fast ion
losses is seen at each fishbone chirp, and the loss rate
increases steadily after infernal mode onset (255 ms).

For parameters of the experiment [4], Eq. (1)
yields V,, = 5 - 10 m/s, in reasonable agreement with
observations. Although detrimental for the modern
spherical tori, this transport mechanism can be use-
ful in the hybrid scenario for the fusion reactor ITER
from the point of view of helium ash removal.

1. E.Joffrin, Plasma Phys. Control. Fusion 49, 629
(2007).

2. R.J. Hastie and T.C. Hender, Nucl. Fusion 28, 585
(1988).

3. F.L. Waelbroeck and R.D. Hazeltine, Phys. Fluids 31,
1217 (1988).

4. LT. Chapman et al., Nucl. Fusion 50, 045007 (2010).
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CONVECTIVE AND DIFFUSIVE LOSS OF FAST IONS IN TOKAMAKS

V. O. Yavorskij'?, V. Ya. Goloborod‘ko'?, K. Schiopf®

! Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
? Institute for Theoretical Physics of Innsbruck University, Innsbruck, Austria

Fast ions (FIs) confined in tokamak plasmas sub-
ject to a substantial convective and diffusive radial
transport [1 - 3]. This transport can result both in
significant losses of energetic ions from the plasma
as well as in essential modification of the distribu-
tions of confined FIs. Present study aims investiga-
tion of the joint effect of radial convection and diffu-
sion of charged fusion products (CFPs) on their
losses from tokamak plasmas. Evaluated is also
effect of radial transport on the CFPs radial profiles
at the plasma edge.

In quasi stationary tokamak plasmas the charged
fusion product behaviour can be described by the
following Fokker - Planck equation for distribution
function F in constant-of-motion coordinates {rmax,
E, 1} [3]

0:f = 0(df=D0xf) + foS(7) (1)

with x = 1 - rmada, T=dg(1 - E/Eo), f = g"*dzF, d
the slowing down rate, f, the initial distribution
function, g"* the Jacobian and d, D correspondingly
the convective and diffusive coefficients. In Eq. (1)
we supposed an isotropic in velocity distribution of
CFPs. For simplest case d=const, D =const,
fo= n(x), where n(x) is a Heaviside step function,
and for boundary conditions (0) = 0, f{x—wx) =1 the
solution of Eq. (1) is given by

f=exp(=»/2) D ¥, (y.2), )

o=%*1

where ¥_ = csexp(csy/2){2 —erfe[ (z - csy/z)/2}}/2 ,
y=dx/D,z=d\/t/D, erfc(x) — error function.
Figure, a demonstrates the radial profiles of CFP
distribution at different energies in case of pure dif-
fusive transport. Radial diffusion seen to strongly
influence the profiles of CFPs confined at the
plasma edge. Effect of radial convection for partly
thermalized CFPs at Dt=0.01 is displayed in Figure,
b. Evident is a substantial degradation of the con-
finement of peripheral fast ions in the case of out-
ward convection (d/D= -10) as well as improvement
of confinement at inward convection (d/D = +10).

Conclusions:

1. Convective transport essentially affects the
radial profiles of charged fusion products at the
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plasma edge.

2. Outward radial convection can significantly
enhance the CFP loss from tokamak plasmas.

3. Effect of joint action of radial diffusion and
convection is important for interpretation the fast ion
loss measurements in tokamaks.
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Fig 1. Radial profiles of charged fusion product distribu-
tion at different energies (D1=0.01, 0.03, 0.10) in case of
pure diffusive transport — (a). Profiles of partly thermal-
ized CFPs (Dt=0.01) depending on the value of radial
convection (d/D=-10, 0, 10) — (b).

1. S.Zweben et al., Nucl. Fusion 40, 91 (2000).

2. M. Garcia-Muiioz ef al., Phys. Rev. Lett., 104 85002
(2010).

3. V.Yavorskij et al., Physics of Plasmas, 6 3853
(1999).
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HALL SPIN-UP MECHANISM AND STABILIZATION OF RFP KINKS

A. A. Gurin

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

Recent results on the reversed field pinch (RFP)
program indicate the important role of the two-
fluids, e.g., Hall effects and the plasma rotation in
the organization of dynamic quasi-single mode
equilibrium [1]. In this paper we propose a model
that combines these effects. To describe the
spectrum of kinks, the boundary value problem is
posed which includes in addition to plasma flows,
Vo(r) and V, (r), the Hall effects. Unstable
disturbances that in the standard MHD theory of
immovable ideal plasma meet the zero frequency, in
the Hall MHD theory acquire a finite frequency. Its
value is small in Alfven scale, but is consistent with
the experimentally observed values and allows
applying the procedure of averaging on oscillations
in order to find solutions saturated on a time scale of
relaxation. Moreover, it appears that the condition of
the momentum 6- and z-balance of plasma and
magnetic field, which in ideal one-fluid plasma,
even with the unstable oscillations, is given by the
trivial equation: 0 =0, in the case of the limited
value of the Hall parameter becomes more
meaningful. In this paper, the plasma velocities are
determined numerically from the momentum
balance equations presented as quadratic forms
averaged over fluctuations. Using these velocities to
the boundary value problem reveals the stabilizing
effect of the plasma motion induced by each of the
unstable modes. The iterative procedure minimizing
increments permits us to call the amplitudes that
define the marginal kink stability.

The linearized version of the Hall MHD theory for a
cylindrical plasma with a finite value of the
parameter beta and arbitrary flows Vy(r) and V, (7) is
reduced to the 4-th order differential problem
V'i(r) = ZjM;j(rlo)-y{(r) under condition y;(llw)=0
where 7, j = 1, ..., 4, Y(r) = {&, (7€e)', O0G, OP}, &
is the electron displacement: 8V (7) = - i®(7)Ee(7),
where ®. = ©® - kV. = @ + kU, @ = o - kV,
k = (0, k,, -m/r). U is the current velocity introducing
the Hall difference ion and electron mean flows:
U = V-V, = rotBNII, I = 4aNea®/Mc* is
Braginskii - Hall parameter, a is a plasma radius, M
is the proton mass, N is density. 0G, JP are
expressed through the magnetic, [0B,k], and
pressure disturbances.

To find the flows of ideal quasi-steady plasma, it
is enough to use averaging procedure for non-radial
components of the plasma momentum balance in
which the time derivates terms can be omitted. From
the single-mode calculations of MHD stresses, one
can obtain explicit local expressions Vy(r) and V, (7).
Substituting these flows into the code resolving the
boundary problem for unstable kinks, and applying
the iterative procedure, it is possible to determine the
amplitudes that determine the marginal kink stability
in the single-mode approximation. The results are
plotted in Figure.

1. J.S. Sarff, A K. Almargi, J.K.Anderson et. al. Nucl.
Fusion 53, 104017 (2013).
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Stabilization of different modes under influence of flows generated with the amplitude y;(0)
at the plasma axis under the parameters I1 = 40, B, = 0.
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EFFECT OF MAGNETIC ISLANDS ON THE ENERGETIC ION TRANSPORT
IN TOKAMAKS WITH MAGNETIC SHEAR REVERSAL

O. S. Burdo, Ya. I. Kolesnichenko, M. H. Tyshchenko, Yu. V. Yakovenko

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

The effect of wide magnetic islands on plasma
particles — energetic and thermal ions — is investi-
gated. Magnetic islands often arise in tokamak
plasmas. Moreover, there is an opinion that the neu-
tron emission drops during the so-called
TAE-avalanches are due to redistributions of in-
jected energetic ions, which are caused by magnetic
islands arising as a result of nonlinear interactions
between the modes of the avalanches.

In this work, the effect of magnetic islands on the
particle motion is simulated in the guiding-centre
approximation with the Hamiltonian code ORBIT
[1]. The interaction of a resonance island (which
arises in the phase space of the particle motion) with
satellite islands, which arise due to toroidicity, can
result in stochastic motion of particles. This route to
stochasticity is known [2], but it was unexpected that
when the width of the magnetic island is large
enough (of order of the distance to the satellite drift
islands), even the motion of ions with thermal en-
ergy is stochastized (in spite of the absence of mag-
netic field stochasticity). A typical example is shown
in Fig. 1.
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r'a

Fig. 1. Poincaré map of motion of 300-eV deutrons in the

NSTX spherical torus for a magnetic perturbation with
and a,=4-10" (m and n are the poloidal and toroidal
mode numbers, respectively; o, is the normalized

perturbation amplitude).
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Since the appearance of TAE-avalanches corre-
lates with non-monotonic radial profiles of the mag-
netic winding number (safety factor) ¢, non-
monotonic ¢ -profiles were paid special attention in
the simulations. It was found that shear reversal can
enhance the redistribution (Fig. 2). This effect is
sensitive to the toroidal precession of the ions (thus,
to their energy) and to ¢, (the value of g at the
minimum point). It is planned to apply these results

to the explanation of experiments on the spherical
torus NSTX.

I
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Fig. 2. The same as in Fig. 1 but for 30-keV ions and
o, =3-10" in a configuration with ¢, =1.75.

This work was reported at the 13™ TAEA Techni-
cal Meeting on Energetic Particles in Magnetic Con-
finement Systems (Beijing, China, 17 - 20 Septem-
ber 2013).

1. R.B. White and M.S. Chance, Phys. Fluids 27, 2455

(1984).
2. H.E. Mynick, Phys. Fluids B 5, 1471 (1993).
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PLASMA ACCELERATION IN A ROTATING ELECTRIC FIELD

Ya. I. Kolesnichenko, T. S. Rudenko

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

One of theoretical proposed mechanisms of the
plasma acceleration in plasma thrusters is based on
the use of the azimuthal plasma current j, produced
by a rotating electric field (REF) [1, 2]. Due to this
current and the presence of the radial component of
the equilibrium magnetic field B, the trust arises as a
result of Lorentz force along the axis of the thruster,
(jo*B). = - joxB, . The advantage of this method is
that the plasma acceleration is elecrodeless, which
increases the service life of the thruster. For the
verification of this method an experiment described
in Ref. [2] was held. It was turned out, however, that
the effect of REF was small or even absent. The
reason for this was not known. Therefore, a
conclusion was drawn that a more detailed
theoretical study is required in order to find optimal
conditions for the thrust production. This motivated
us to carry out the present work.

The analysis in Refs. [1, 2] was carried out in the
assumption that the perturbed magnetic field is ab-
sent, i.e., the electrostatic approximation was used.
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We refused from this assumption. New relations for
the average poloidal current and concomitant trust
were obtained. It follows from them that the mag-
netic contribution can be important and it can even
dominates in the near axis region. This is the case
only at a certain direction of the rotation of the elec-
tric field. An analysis of parameters was made. A
condition necessary for the observation of effects of
REF (when the REF thrust exceeds the one of the
diamagnetic current) was obtained. It seems possible
the discovered strong dependence of the thrust on
the direction of the rotation of the electric field may
explain why the REF effect was small in the
experiment of Ref. [2]. Hopefully, the obtained
relations can be used for optimization.

1. Shunjiro Shinohara, Tohru Hada, Taisei Motomura et
al., Physics of plasmas 16, 057104 (2009).

2. Takahiro Nakamura et al., JSASS Aerospace Tech.
Japan 10, No. 28, pp. Tb_17-Tb_23 (2012).
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CAN STOCHASTICITY OF FIELD LINES BE RESPONSIBLE
FOR SAWTOOTH CRASHES ?

Ya. 1. Kolesnichenko, Yu. V. Yakovenko

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

The aim of the work is to contribute to under-
standing whether the partial reconnection of mag-
netic field lines during crashes of sawtooth oscilla-
tions in tokamaks can result from the stochasticity of
the magnetic field lines. It is shown numerically that
a joint action of effects of frozen-in magnetic field
lines and satellite harmonics of the magnetic pertur-
bation can lead to wide-spread stochasticity; the
stochasticity occupies, in particular, the near-axis
region — which is a necessary condition for drops of
the central temperature of the plasma during
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Fig. 1. A Poincaré map of magnetic field lines with allo-
wing for frozen-in field lines for the cental safety factor
g, =0.6. Satellite harmonics m =n+1 with the ampli-
tudes less by a factor of ¢ =0.1 than those of the main

harmonics m =n were added. Stochasticity occupies
almost the whole sawtooth region except for the island.

sawtooth crashes with incomplete reconnection (see
Fig. 1). In addition, it is found that the confinement
time in the sawteeth region is small enough to ex-
plain theheat loss (see Fig. 2). In spite of this, the
question in the title of the work is still open. The
matter is that, first, our calculations were carried out
with a special choice of the perturbation and for low
central safety factor and, second, as shown in this
work, previous theories investigating field line
stochasticity cannot explain crashes with partial re-
connection.
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Fig. 2. Histogram of the lengths in toroidal transits (2nR
with R the major radius of the torus) for which field lines
starting at the distance of r~0.17,, from the magnetic
axis displaced by the crash reach the plasma mixing ra-
dius, r=r . . The calculations were carried out for the

mix

same parameters as in Fig. 1.

This work is published in Plasma Physics and Controlled Fusion 55, 115006 (2013).
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INVESTIGATION OF STOCHASTIZATION OF FAST ION MOTION
BY HIGH-FREQUENCY PLASMA INSTABILITIES
AND SPATIAL ENERGY CHANNELLING IN THE ITER REACTOR

M. H. Tyshchenko, Yu. V. Yakovenko

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

One can expect that fast ions (alpha particles and
ions produced by neutral beam injection) will excite
a wide range of instabilities in ITER. A possible way
to predict the consequences of these instabilities is to
use the experience gained in experiments on existing
devices. In particular, in experiments on the spheri-
cal torus (spherical tokamak) NSTX, high frequency
instabilities were observed. The instabilities with
higher frequencies (predominantly f >600 kHz)

and smaller toroidal mode number (|n|£5) were

identified as CAEs (compressional Alfven eigen-
modes); those with f <600 kHz, n=-5 to -8, as

GAEs (global Alfven eigenmodes) [1, 2]. It was
pointed out that these energetic-ion-driven instabili-
ties can channel the energy of energetic ions outside
the region where these ions are located [3]. It is
likely that the spatial energy channelling can explain
experiments on the spherical torus NSTX where a
broadening of the temperature profile and even a
drop of the temperature at the plasma center with
increasing injected power were observed, which
correlated with the appearance of multiple Alfven
instabilities [2].

The aim of this work is to study the conditions in
which similar modes can cause energy channelling
in ITER. We evaluate the number and the ampli-
tudes of modes needed to produce a wide stochastic
region in the fast-ion phase space, so that the waves
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are able to receive a major part of the power of in-
jected ions.

We concentrate on injected fast ions; thus, we are
interested in resonances of passing particles. Multi-
ple modes produce stochastic transport in limited
domain where modes overlap. A guiding center code
was created to study overlap of resonances of multi-
ple waves. The idea is that we turn on and off the
wave adiabatically, and then find the phase space
regions where the particles' positions have changed.
This gives us a possibility to find energy intervals in
which the particles are displaced by stochasticity
and/or resonance islands. When these regions are
wide, the fast ions particles transfer their energy
predominantly to the modes (rather than to electrons
via collisions), which is a necessary condition of
strong energy channeling.

Comparison of the results of analytical calcula-
tions and numerical simulations shows good agree-
ment.

1. N. A. Crocker ef al. Nucl. Fusion 53, 043017 (2013).

2. D. Stutman et al. Phys. Rev. Lett. 102, 115002 (2009).

3. Yal. Kolesnichenko et al. Phys. Rev. Lett. 104,
075001 (2010).
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TEMPORAL EVOLUTION OF NBI IONS DISTRIBUTION FUNCTION IN JET

V. Ya. Goloborod’ko', V. O. Yavorskij', K. Schopf®

! Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
? Institute for Theoretical Physics of Innsbruck University, Innsbruck, Austria

In future tokamak-reactors that are now under
construction (ITER) or design (DEMO) a substantial
population of charged fusion products will be pre-
sent in plasma, predominantly fusion born energetic
alpha particles. Analysis of experimental data from
previous generation of tokamak-reactors such as
TFTR [1], JET [2] etc. shows that energetic alpha
particles may destabilise toroidal Alfven eigenmodes
(TAE) that cause space redistribution and radial
transport enhancement of plasma ions. The condi-
tions for TAE destabilisation and their evolution
depends on the distribution of fast ions in phase
space as well on modes dissipation mechanisms.
One of the most important mechanisms of TAE
modes dissipation is Landau mode damping on the
injected ions. The efficiency of such damping
strongly depends on inhomogeneity of NBI ions
distribution function in phase space. In present-day
tokamak-reactors temporal evolution of equilibrium
and plasma parameters during NBI injection also
essentially affects the distribution of injected ions.
The present paper is focused on the possibility to
carry out the similarity DT experiments on the to-
kamak-reactor JET for the investigation the condi-
tions for TAE modes destabilisation in tokamak-
reactor ITER by fusion alpha-particles. One of the
goals of this experiment will be the minimisation of
mode damping caused by phase space distribution of
injected ions for investigation of temporal behaviour
of alpha driven TAE modes. In present report the
evolution of distribution functions of NBI deuterons
and tritons in 50/50 DT JET plasma calculated with
codes SNBI and FIDIT for real temporal behaviour
of equilibrium and plasma parameters in JET shot
#40214 is presented. Time evolution of some shot
parameters are shown in Fig. 1. The obtained distri-
bution functions of NBI ions demonstrated in Fig. 2
may be used for the calculation of TAE modes
damping rates due to beam injection.

The objective of the work is codes development
for calculation of NBI sources and distribution func-
tions of injected ions in real discharge conditions in
tokamak-reactor JET.
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Fig. 1. Evolution of some JET shot #40214 parameters:
a — neutron yield; » — total NBI power; ¢ — maximal bulk
ion temperature; d — maximal bulk ion density.
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Fig. 2. Temporal evolution of dlstrlbutlon functions of
NBI deuterons (left column) and tritons (right column)
injected in JET plasma during shot #40214.

I. G.Y.Fu, C.Z. Cheng, R. Budnz et al., Phys. Plasmas
3,4036 (1996).

2. S.E. Sharapov, D. Borba, A. Fasoli et al., Nucl. Fusi-
on, 39, No. 3, 373.
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COOLING AND TRANSPORT OF ENERGETIC IONS
DUE TO THE GLOBAL GEODESIC ACOUSTIC MODE

Ya. I. Kolesnichenko, V. V. Lutsenko, B. S. Lepiavko

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

It is shown that the destabilization of Geodesic
Acoustic modes (GAM or E-GAM) by passing ener-
getic ions in tokamaks can be accompanied with a
considerable energy transfer from these ions to the
mode.

This is the case when the mode is global and
plasma density perturbation is large, which provides

!JII|IIII|\J

~0

o
Lh

IllILlI

IIIIIII|IIII]IIIIIIIII|II

-1 -0.5 0 0.5 1

X

wave-particle interaction in a wide phase-space re-
gion. The mode-induced slowing down of the ener-
getic ions leads to a radial shift outwards / inwards
of the ions moving in the direction counter- / co- to
the plasma current, in spite of the fact that the ca-
nonical angular momentum of the particles is con-
served during GAMs (see Figure).
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Orbits of passing 75-keV deuterons moving in the direction counter to the plasma current in a DIII-D like tokamak
before and after the slowing down when &/= 0.5 &, P,/ = P,’, and y// = 4': left panel, ¢ (r) = 3.5, /' = 0.2; right panel,
q(r) which took place in the E-GAM DIII-D experiment [1], A’ = 0.35. The edge of the plasma is shown by a grey thick
line, x = (r/a) cos 0, y = k (r/a) sin 0. The arrows are directed from the initial orbits to final ones (i.e., to the orbits after
the slowing down). The following tokamak parameters were used: B=2 T, a = 60 cm, Ry=170 cm, x = 1.3. It was

assumed that the flux surfaces are concentric ellipses.

1. R. Nazikian et al., Phys. Rev. Lett. 101, 185001 (2008).
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PLASMA LENS FOR LARGE AREA ELECTRON BEAMS MANIPULATING
I. V. Litovko', A. A. Goncharov’, A. M. Dobrovolskiyz, V. L. Gushenets®, E. M. Oks®

! Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
? Institute of Physics National Academy of Sciences of Ukraine, Kyiv
3 High Current Electronics Institute SB Russian Academy of Sciences, Tomsk, Russia

Recently [1] we proposed and explored a new
original plasma-optical tool for negative charged
particle beams focusing and manipulating with a
dynamic cloud of non-magnetized free positive ions
and magnetically isolated electrons produced by a
toroidal plasma source like an anode layer thruster.
In such kind systems the electrons are separated
from ions by relatively strong magnetic field in the
discharge channel. The accelerated ions are weakly
affected by the magnetic field owing to their mass.

Here we describe the current status of ongoing
research and development of the wide aperture elec-
trostatic plasma lens (PL) with positive space charge
cloud for focusing and manipulating large area (di-
ameter 6 cm), non-relativistic (up to 20 keV) elec-
tron beam(e-beam) in wide range of beam current (I
from 100 mA to 100A). The plasma electron source
based on electron extraction from vacuum arc dis-
charge with hollow anode was used for generation of
this beam. The lens is based on the main plasma
optical principle meaning that electrons are magneti-
cally insulated and non-magnetized positive ions
creating a controlled uncompensated dynamical
space charge cloud.

For relatively low-current mode (I, < 1A) for which
electron beam space charged less than positive space
charged PL it realize electrostatic focusing passing
e-beam. Focusing of the e- beam by electrostatic PL
was separated from magnetic focusing experimentally
and the compression factor was up to 5. In Fig 1 are
shown calculated e-beam trajectories under beam
passing through PL and magnetic lens (ML) only for
this case under experimental conditions [2].

sg4rim ML
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L

Fig. 1. The e-beam trajectories (low-current mode) under
passing e-beam (I,=0.2 A, E,=10keV) through ML
(top) and PL (down) with the same magnetic field.
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In case of high-current mode when e-beam space
charge much more than space charge PL the lens
operates in plasma mode to create transparent plasma
accelerating electrode and compensate space charge
propagating electron beam. The lenses magnetic field
in this case use for effective focusing e-beam. Under
described experimental conditions the maximal com-
pression factor was up to 30x and beam current density
at the focus was about 100 A/cm’. In Fig. 2 are shown
are shown calculated e-beam trajectories under beam
passing through PL and magnetic lens (ML) only for
this case under experimental conditions [3].

MF7;Epg an=20keV;Ecp=0.56V; T, =100A;Ep =2 .4kv; Inp+=100mA

Fig. 2 The e-beam trajectories (high-current mode) under
passing e-beam(I, = 100A, E, = 10 keV) through ML (top)
and PL (down) with the same magnetic field.

Thus our simulation demonstrates the presence of
space charge PL improved beam focusing in com-
parison with magnetic focusing solely. The swithing
on PL reduces beam losses and improves beam tran-
port, because of lens is produced plasma density
required for the electron beam stable transport.

The results of the computer simulation are shown
good agreement with experimental data. Obtained
experimental results demonstrate the possibility to
create a low-cost high-effective tool for negatively-
charged particle beam focusing without influence of
momentum aberrations.

1. A. Dobrovolskiy, S. Dunets, A. Evsykov et al., Rev.
Sci. Instrum., 81, issue 2B, 704 (2010).

2. A. Goncharov, A.M. Dobrovolskiy, S.P. Dunets et al.,
Rev. Sci. Instrum. 83, 02B723, (2012).

3. V. Gushenets, A. Goncharov, A. Dobrovolskiy et al.,
IEEE Trans. Plasma Sci. 41, #4, part 3, 2171 (2013).
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ION ENERGY DISTRIBUTION IN PLASMA OF NONSELF-SUSTAINED ARC DISCHARGE

A. G. Borisenko, Yu. S. Podzirey

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

The physical processes occurring in widely used
vacuum arc discharge in vapor of a cathode material
that leads to presence of the cathode material drops
at created plasma streams. Therefore such streams
appear unacceptable for the solution of some techno-
logical problems and require development and usage
of different methods of additional filtering. How-
ever, the filtering of streams not only promotes re-
moval of the dropwise phase, but also leads to the
significant decrease of intensity of plasma flow at
the outlet of the filter [1, 2]. The nonself-maintained
arc discharge in vapors of anode material allows one
to create drop-free plasma flows of solid state mate-
rials for use in various practical applications [3].
This discharge also allows change in wide range of
the ionization coefficient of plasma flows, that is a
part of ions in a oral flow of plasma. As it known,
the ion energy and their part in the plasma flow,
especially at the initial stage of the deposition
process, affect the processes of formation of point
defects on the surface of the substrate and also on
the surface diffusion processes, formation of metal
clusters, further growth and structure of the film.
Therefore, energy management and the proportion of
the ions in the plasma stream may be used as an
additional method of purposeful change of their
structure and properties. However, any data about
the energies of ions in plasma streams created by
such discharge are absent. Therefore their study is
important both with fundamental, and with applied
the points of view.

Implemented experimental researches of main
characteristics and energy specters of ions of plasma
nonself-maintained arc discharge in vapors of nickel
anode have displayed that in created plasma streams
ions with energy is equal or increases voltage or
discharge are absent. This shows that in experimen-
tal conditions ions that come from surface of the
anode are absent also. The resulted data conclude
that main physical process that form working envi-
ronment of discharge of such type is vapor of wor-
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king material from the anode. The most probable
mechanism of forming of plasma flows is ionization
of atoms of working material directly in discharge
zone. Also concluded that increase of discharge
current leads to decreasing of average energy of
directed ionic motion (see Figure).
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Energy specters of ions of plasma at different current
discharges: /1 -Ip =12 A; 2-20 A.

Speed of deposition of nickel films on dielectric
substrates and meanings of ionization plasma flows
coefficients at current discharge till 35 A show that
such discharge allows to create non-drop and highly
ionized flows of metallic plasma and to supply high
speed of film spraying that are equal to possibilities
of vacuum arc cathode.

1. R.L.Boxman, D.M. Sanders, and P.J. Martin. Hand-
book of Vacuum Arc Science and Technology (Noyes
Publications, Park Ridge, N.J., 1995).

2. A. Anders. Cathodic Arcs: From Fractal Spots to
Energetic Condensation (Springer, New York, 2008)
ISBN 978-0-387-79107-4.

3. A.G. Borisenko, V.A. Saenko, and V.A. Rudnitsky,
IEEE Trans. Plasma Science 27, No. 4, 877, 1999.
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TRANSFORMATION OF LANGMUIR WAVES IN TURBULENT PLASMA
IN THE PRESENCE OF UPPER-HYBRID PUMP

V. N. Pavlenko, V. G. Panchenko, N. A. Beloshenko

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

An important instrument for studying the proper-
ties of matter is the scattering and transformation of
electromagnetic radiation. A completely homogene-
ous medium cannot scatter radiation because any
scattering or transformation processes may occur
due to turbulence or inhomogeneities in the medium.
So in plasma with certain fluctuation level the prop-
agation of electromagnetic waves can lead to radia-
tion of waves (with new frequencies and wavenum-
bers in comparison with incident wave) and new
type of waves — transformed waves [1].

In the present paper we investigate the transfor-
mation process of longitudinal Langmuir wave into
the transverse electromagnetic wave in turbulent
plasma subjected the upper hybrid pump. The case
when an upper hybrid pump wave decays into
daughter and ion — sound waves is considered. Note
that the main contribution to the intensity of elec-
tromagnetic radiation which has been calculated is
given by the high-frequency turbulent fluctuations at
upper hybrid frequency. It is shown that the fre-
quency of such radiation is closen to be near double
electron Langmuir frequency 2o, .

The intensity of such radiation is connected with
the transformation coefficient d Zl_n by the rela-
tion [2]

dKdo’
1=V[[d%, . S M)

where S is the energy density fluctuations.
We suppose that the plasma is subjected to a

magnetic field B, =B,7 and a pump wave electric
field E(t) = E,ycosw,t. Consider the case when the

pump wave frequency is close to the upper hybrid
frequency:

Oy ® ((’oie + Qﬁ )1/2 > )

ANNUAL REPORT -2013

where ®,, is the electron Langmuir frequency and
Q, is the electron gyrofrequency. Here ®, >Q,,

i.e. we have the case of weakly magnetized plasma.
We consider the decay of the pump wave into
daughter uuper hybrid and ion — sound wave [3]:

®, = Oy + O, 3)

where o, =‘l€‘vs and v, =(T,/m,)"” is the ion —

sound velocity. Assume that the damping rate of the
upper hybrid wave y,,, = v, , where v, is the colli-
sion frequency between ions and electrons.

Using the fluctuation-dissipative theorem, car-
rying out the integration over k' and taking into
account (3) finally we obtain the dependence of
the radiation intensity on the ionic temperature
anisotropy:

2 27,02 2
1-r ey N e O @)
mc e

veY s

Notice must be taken that the frequencies of
transformed electromagnetic waves according to (2)
are closed to double plasma electron frequency
20, . This allows to propose one of the probable

mechanism for the interpretation the electromagnetic
radiation from the solar crown.

The results of this paper give us the possibility to
explain the nature of radiation from the various
space objects.

1. A.L Akhiezer, I.A. Akhiezer, R.V.Polovin et al,
Plasma Electrodynamics (Pergamon, Oxford, 1975).

2. V.N. Pavlenko and V.G. Panchenko, Physica Scripta
(2014) to be published.

3. H. Wilhelmsson, V.N. Pavlenko, and V.G. Panchenko,
Physica Scripta 44, 599 (1991).
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THE STUDY OF CHARACTERISTICS OF HELICON DISCHARGE IN SYSTEM
WITH PLANAR ANTENNA IN THE MEDIUM OF METHANE
AND IT’S MIXTURES WITH HYDROGEN

V.M. Slobodyanl, V. F. Virko', [K. P. Shamrai'|, I. V. Korotash?, L. S. Osipovz,

D. Yu. Polotsky?, E. M. Rudenko’, V. F. Semenyuk’

! Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
> G. V. Kurdyumov Institute for Metal Physics, National Academy of Sciences of Ukraine, Kyiv

Systems based on helicon discharge are effective
sources of dense plasmas and are widely used in
practice, including nanotechnology. In particular, in
[1] the synthesis of carbon nanostructures (CNT)
was carried out using standard helicon source, in
which the exciting antenna covered the dielectric
chamber and excited discharge in methane or its
mixtures with hydrogen. Helicon source with the flat
(planar) exciting antenna located at the end of the
metal discharge chamber allows more efficiently
generate the plasma and constructively is easier for
process applications than standard. The purpose of
this study is to investigate experimentally the possi-
bility of using just such discharge system for creat-
ing process medium (plasma discharge in methane
and its mixture with hydrogen), which provides for
the formation of carbon nanostructures.

The discharge chamber of the research source is a
20-cm-diam, 30-cm-long grounded metal cylinder
closed on top by a quartz window. The 11.5-cm-diam
double-turn planar antenna supplied from an rf genera-
tor of frequency 13.56 MHz and up to 2 kW power is
located above the window. The chamber is confined
from below by a 15-cm-diam metal electrode (sub-
strate holder), which was either at a floating potential
or negatively biased down to —100 V. The magnetic
field of various configurations and maximum strength
up to 250 G was produced by four solenoids with
independent power supplies. The working gas was
methane, hydrogen and their mixtures.

It is established that, in contrast to the heavy
monatomic inert gases (Ar, Kr, Xe), in a helicon
source with planar antenna the intense discharge in
methane and hydrogen is available to be maintained
only in the rather narrow range of pressures,
<1.5Pa, and the optimum plasma density is
achieved at 0.6 - 0.9 Pa. The magnetic field range
for the existence of the discharge is limited by 60 -
80 G at RF power of 1 kW. The maximum plasma
density for methane reaches (2+5) - 10" cm™, and
for hydrogen of 1.5 - 2 times lower (in argon under
similar conditions the density reaches greater than
10'? cm™). Electron temperature for discharge in
methane is ~ 5 eV, in hydrogen - ~ 8 eV. The dis-
charge conditions and plasma parameters, in general,
are similar to the data of [1], where standard helicon
source was applied. Discharge in a mixture of
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methane and hydrogen in various proportions was
also realized. The properties of such discharge were
generally similar to those that occur in the dis-
charges in methane and hydrogen separately. It is
established that the dependence of plasma density on
the magnetic field for both gases and their mixtures
has the jumping form. Measured at different mag-
netic fields radial distributions of plasma density
indicate existence of both an intense mode with
peaked radial profile of plasma density (magnetic
field < 30 G) and a moderate mode with an on-axis
decrease on the radial density profile (magnetic field
> 50 G). The latter mode is of interest for practical
applications because it provides a more uniform
radial distribution of plasma density. It is shown that
the magnetic field configuration is a significant fac-
tor that affects the discharge characteristics. It is
established the optimum configuration of the mag-
netic field, which provides the best conditions for
maintaining a discharge in methane and the highest
plasma density (Figure).
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The series of dependences of probe ion current on the

magnetic field for different magnetic field configurations:

1 - uniform magnetic field; 2 - nonuniform magnetic field

(usual configuration); 3 - nonuniform magnetic field (the

optimal configuration).

Obtained results confirm the promise of applica-
tions of helicon sources with planar antenna for
process of the formation of CNT.

This work was performed by the joint project
#5713 of the NAS of Ukraine and the STC in
Ukraine.

1.G. Sato et al., Thin Solid Films 506-507, 550
(20006).
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DEVELOPMENT OF TURBULENT MIXING IN THE EXPLODING WIRE-INITIATED
PULSED DISCHARGE IN LIQUID MEDIA

P. V. Porytskyy, P.D. Starchyk

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

Development of hydrodynamic instability in
pulsed discharges is the result of accelerated plasma
repulsion of dense surrounding environment of the
discharge channel due to the pulsed supply of energy
to it. In each case, when the plasma undergoes heat
sufficient for its accelerated expansion, the condi-
tions are created for the growth of Rayleigh - Taylor
hydrodynamic instability [1]. Plasma flows outward
in the form of bubbles, and between them, inside the
discharge channel the spread of cold jets takes place.
Formed in discharges shock waves and shear flows
further create the possibility of development of other
types of instabilities [2] and the turbulent mixing
(TM) undergoes in the contact zone.

A current study of the influence of discharge
conditions on the development of turbulence has
shown that spatial distributions and growth rate of
developing perturbations depend not only on the
inhomogeneous structure of channels [3] but it is
determined by initial heterogeneity of discharge
channels. In triggered spark discharges initial corru-
gations of discharge channels are so large that their
structure completely determines the dynamics of the
plasma channel and separates the vortex formation.
In the case when the discharge is initiated by explod-
ing wires (EW) the striations character causes the
destruction of channel and also generates TM, but
the sizes of excitations are incomparable smaller
than that at the spark discharges. Since the depth of
the zone TM is comparable with the dimensions
generated disturbances in this case, it is localized in
the surface layers of the discharge channel. By in-
creasing the rate of energy input in the EW may be
reached such degree of dispersion of its destruction,
in which the perturbation generating TM does not
grow and the surface of the plasma channel shines
practically uniform. The Figure below shows the
general form images of discharge channels initiated
by tungsten wire 20 ym in diameter at different ini-
tial strength of electric fields E,. With a smaller
initial strength E, on the surface of the channel
structure is clearly observed perturbations formed by
the end of the first period of oscillatory discharge.
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Ey=0.75kV/cm

Ey=7.5kV/cm

Applying a higher voltage increases the disper-
sion and destruction EW achieves the conditions
under which the perturbations are not fixed within
the limits of high-speed camera resolution.

Dynamics of development and structure of TM-
zone as a whole are determined by processes that
characterize the development of instabilities in gen-
erating mixing. The region with plasma bubbles is
about 2+3 times thinner than layer, in which the
plasma is mixed with jet fluid vortices. Also the
rearrangement of perturbation spectra takes place in
time from short-wave character into the long-wave
one. As a result, the wavelength distribution of oscil-
lations generated by perturbations, eventually shifted
to the long-wave side. Over time in accordance with
the hydrodynamics of the explosion in the fluid, the
pattern of development of the turbulence is replaced
by a damping stage.

The determining influence of the processes at the
beginning of the discharge on the dynamics of de-
velopment properties of TM inhomogeneities pro-
duced in the plasma channel, is confirmed by ex-
periments with made-up corrugations of exploding
wires. If the size of the perturbations exceeds a cer-
tain size-threshold for the level of their development
it was observed during the entire time of discharges
for all sufficiently values £,

1 S. Chandrasekhar, Hydrodynamic and Hydromagnetic
Stability (Clarendon Press, Oxford, 1961), 652 p.

2 N.A. Inogamov, A.J. Demyanow, E.E. Son, Hydrody-
namic mixing (Publishing House of MIPT, Moscow,
1999), 464 p.

3 P.D. Starchyk and P.V. Porytskyy, Problems At. Sci.
& Techn. Ser. «Plasma Phys.» No. 6(82), 214 (2012).
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HELICON DISCHARGE FOR LINEARLY UNIFORM
PLASMA PRODUCTION

V. F. Virko, V. M. Slobodian, Yu. V. Virko, M. A. Beloshenko, [K. P. Shamrai

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

Presently, in plasma technological processes the
discharges excited by circularly polarized waves —
helicons — are widely used [1]. These discharges are
generated with the aid of inductive antennas usually
placed on the cylindrical surface of dielectric dis-
charge chamber. The radial plasma density distribu-
tions in the helicon discharges are essentially non-
uniform. But at the same time the plasma technology
development demands uniform processing of more
and more large area surfaces, as the displays, solar
batteries, light panels and so on. For their treatment
the discharge, excited by an inductive antenna
shaped as a flat spiral on a flat vacuum window sur-
face (so called transormerly coupled plasma or TSP
— discharge) was proposed. Unfortunately, this de-
vice cannot be enlarged arbitrarily for the quartz
window thickness capable of stand against the at-
mospheric pressure unacceptably grows. A possible
way out consists in the creation of axially uniform
plasma. Then, drawing a surface in the transversal
direction we can uniformly process a large area.

In this work some modification of the helicon
discharge, which can produce the linearly uniform
plasma, is proposed and explored. The discharge is
excited with assistance of a linear inductive antenna
which consists of two parallel conductors with anti-
phase RF currents. The antenna conductors were
situated in two quartz tubes passing through the
vacuum volume on the distance 3 cm one from an-
other, perpendicularly to the external magnetic field.
The metal discharge chamber had a cubic form with
the edge length of 22 cm. External magnetic field
was produced by two rectangular coils and was uni-
form within the chamber. The experiments were
carried out in Argon gas at a pressure of 0.65 Pa
(5 mTorr), in the range of magnetic field 0 - 10 mT
and RF power up to 1kW on the frequency
13.56 MHz.

In the above mentioned conditions the possibility
of excitation by the linear antenna of a stable dis-
charge with sufficient intensity has been shown. It
was established that during increasing the magnetic
field the beginning growth of the plasma density is
accompanied by its abrupt step-like decreasing and
finishes with complete cease of the discharge. The
critical magnetic fields corresponding to these den-
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sity jumps grow with increasing of the RF generator
output power. Such a behavior is characteristic to the
axially bounded helicon discharges and results from
change of the modes of standing helicon waves
along magnetic field. By means of moveable mag-
netic probes the spatial distributions of amplitudes
and phases of the RF wave magnetic fields were
investigated in three mutually perpendicular direc-
tions. The measured distributions along the external
magnetic field correspond to standing helicon waves
that is confirmed by antiphase of oscillations in the
adjacent maximums. The wavelength dependence on
the plasma density and the magnetic field strength
qualitatively agrees with the helicon wave disper-
sion. Study of the ion saturation current to the probe
along the antenna showed that there were some re-
gimes, at which the plasma density was uniform
(with accuracy 1.5 - 2 %) on the significant part of
the antenna length. At the same time it was revealed
that at slight changes in such parameters as the RF
power, matching conditions or the magnetic field
strength the uniformity might be lost and the density
profile along the antenna became nonuniform. It was
found that these regimes were distinguished by the
standing wave patterns. The conditions for obtaining
the uniform density profile need further investiga-
tions. The ion current density achieved in the condi-
tions presented at the distance 10 cm from the an-
tenna was 20 mA/cm’ that corresponded to the
plasma density of 8 - 10" cm™.

Thus, a new variety of inductive discharge ex-
cited in the magnetic field by the linear conductors
with RF currents was proposed, its helicon wave
nature was demonstrated. The existence of regimes
with linearly uniform plasma on a considerable part
of the antenna length has been shown. It was real-
ized a convenient design of the discharge with the
inductive antenna immersed in plasma. At further
improvement and increase of dimensions the pro-
posed system may be used in plasma-technological
equipment for uniform processing of large scale
surfaces by its moving across the antenna.

1. M.A. Liberman and A.J. Lichtenberg, Principles of

Plasma Discharges and Materials Processing (Wiley,
New York, 1994).
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ABOUT THE HEATING TEMPERATURE OF THE SUBSTRATE
AT SYNTHESIS OF DIAMOND-LIKE FILMS

V. V. Gladkovskiy, E. G. Kostin, B. P. Polozov, O. A. Fedorovich

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

In recent years exists significant progress in the
development of plasma technology of the diamond-
like films (DLF) producing and in the methods of
their analysis. Stimulus for the development of this
technological trend served a collection of unique
physical and chemical properties of diamonds and
the possibility of their use in various fields of
science and technology.

As is well known, properties of the film materials
depend on the deposition conditions. This allows to
get materials with given collection of mechanical,
electric and optical characteristic, which, in turn,
opens broad prospects for their use. The defining
parameters that affect the structure and properties of
DLF are energy of particles, chemical composition
of the plasma, vacuum conditions and substrate tem-
perature [1]. It is known, the structure of obtained
films and the ratio in them of (sp) and (sp) - bonds
determined by the substrate temperature [2].

Experimental installation for obtaining of dia-
mond-like films from gas phase was constructed and
tested in the Institute for Nuclear Research of the
National Academy of Sciences.

The high-frequency diode discharge (13.56 MHz)
into controlled crossed magnetic and electric fields
was taken as a basis for installation. The discharge is
excited in mixtures of H, + CH,; or H, + CH4 + Ar in
different proportions. Working pressure in the
chamber was 10 - 10 Torr [3].

The temperature of substrate was measured with-
out of plasma using an optical pyrometer and ther-
mocouple. Measurements of the additional heating
of the substrate by plasma under discharge switched
on by any of the two methods were not obtained. It
is associated with the high-frequency current skin-
effect on the surface of thermocouple and its addi-
tional heating, with deposition on the ends of the
insulation of the conductive carbon, which can lead
to an understatement of the measurement results.
Intense glow of plasma prevents temperature control
by using an optical pyrometer is OPPIR-09.
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The problem with the skin effect and
electromagnetic interference was decided by
shielding of thermocouple surface by metallic plate
at the measuring point, as well as the location of the
thermocouple under the metal electrodes with a
floating potential which their shield. Due to double
insulation of thermocouple wires by two hollow
porcelain tubes it was eliminated the carbon coating
of insulation ends.

Research was conducted with the following va-
lues of the current discharge I3=0, 4, 6 and 8 A.
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The dependence of substrate temperature is
shown in the Figure at different values of discharge
current. Curve / is the value of the substrate tem-
perature without discharge. Curves 2 - 4 are obtained
at different values of current discharge. From the
picture, you can see that the discharge does not af-
fect the substrate temperature at temperature 600 °C.

1. LA. Sypchenko, Voprosy proektirovaniya i proizvod-
stva konstryktsii letatel’nykh aparatov: Sb. nauch. tr.
Nau. aerokosm. un-ta im. N.E. Zhukovskogo
“KhAU?”, Iss. 3(63), 296, 2010.

2. S.0. Rudchenko, V.E.Pukha, and V.V. Starykov,
Visnyk KhNU, Ne 1019 seriya “Fizika”, Iss. 16, 89
(2012).

3. L.S. Maksymenko, O.N. Mishchuk, LE.Matyash et
al., Tekhnologiya i konstruirovanie v elektronnoi
aparature 1, 3 (2013).
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CORRELATION BETWEEN REDUCTION COEFFICIENTS OF DECAY DENSE PLASMA
WITH FEWER OBSERVED IN THE SPECTRUM LINES

O. A. Fedorovich, L. M. Voitenko

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

Dense plasma decay processes are studied
insufficiently. In [1 - 4] it was shown that the decay
coefficients (C4) obtained in dense plasma pulsed
discharge in water for several orders of magnitude
lower than that calculated for ideal plasma.

Experimentally there was not received unambi-
guous dependence of values C4 on the plasma tem-
perature T [5], on the pressure in the channel, on the
concentration of atoms in dense plasma and on its
degree of nonideality. The equal values Cy4 were
obtained for the equal values N, , when the T varied
from 6-10* K to 6:10°. According to the classical
formulas distinction must be 3-10* times [6].
Dependence of Cy; from the degree of plasma
nonideality (I') plasma was obtained ambiguous -
the same wvalues of the degree of nonideality
corresponded to several decay coefficients. And for
some discharges modes even "hysteresis loop" was
obtained (when there was a decrease of the decay
coefficients with increasing degree of plasma non-
ideality I'). The nonideality parameter I depends on
the electron density and temperature, but rather on
their ratio. Therefore, by varying this ratio, it was
possible to get the same value of nonideality
parameter I" with very different plasma parameters.
It is an impossible and the good agreement of the
theoretical ~ description of the experimental
dependence of parameters I' is in [7]. In dense
plasma experimental values Cy uniquely depend
only on the electron density (N.), as described by the
empirical formula in [3].

Significant increase of Cy correlates with
consistent appearance of hydrogen lines H,, (50 ms),
Hg (54 ms), H, (63 ms) in the emission spectra of the
hydrogen-oxygen plasma. Plasma  becomes
transparent in the continuous spectrum, but in radia-
tion of the line H, else opaque. Similar results were
observed in tungsten plasma recombination. At the
initial stage of discharge, when the values of
pressure, electron concentration and temperature are
highest, plasma is almost not recombining.

Though there is no radiation in the continuous
spectrum and no absorption lines. With absorption
line appearance (with the lower transition from the
ground state to the first excited) recombination starts
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to go and the intensity of the continuous spectrum
due to the appearance of free-bound transitions
increases. Continuum intensity due to free-free
transitions is very low, as distance between indivi-
dual ions little and no significant deviations from the
straight path of electrons in the fields of closely
spaced ions. For large values of N, recombination is
possible only on the unexcited (ground) state of the
atom, but the cross section for this process is very
small. For the first time the possibility of the influ-
ence of nonideality on the recombination coefficient
was noted in [8].

It was assumed that the decrease of recom-
bination coefficients occurs because the non-realiza-
tion of the upper layers (the optical gap AE) in the
spectrum of the hydrogen and because there is a
strong dependence of the recombination coefficients
on the plasma temperature. But calculations based in
[8] are not fully explaining the large discrepancy
with the experimental data.

When we calculate the recombination coeffici-
ents we must consider only those levels of atoms,
which are observed experimentally [9]. It is
necessary to use a formula which takes into account
recombination on each individual level, which
includes the excitation potentials of the
experimentally observed lines.

1. O.A. Fedorovich and L.M. Voitenko, Ukrainian Jour-
nal of Physics 53, No. 5, 450 (2008).

2. O.A.Fedorovich and L.M. Voitenko, Problems of
atomic science and Technology 7, No. 4 (68) 354
(2010).

3. O.A.Fedorovich and L.M. Voitenko, Problems of
atomic science and Technology No. 1(71), 122
(2011).

4. 0O.A. Fedorovich and L.M. Voitenko, in Proc. XV Int.
Sci. Conf. «Fircks» (Nikolaev, 2011), p. 66.

5. O.A. Fedorovich and L.M. Voitenko, in Proc. XV Int.
Sci. Conf. «Fircks» (Nikolaev, 2011), p. 62.

6. C.L. Johnson and E. Hinnov, J. Quant. Spectrosc. and
Radiat. Trasfer., 13, 333 (1973).

7. A.Lankin and G.Norman. Contribution to Plasma
Physics 49, No. 10, 723 (2009).

8. Y .K. Kurilenkov, High Temperature 18, No. 6, 1312
(1980).

9. O.A. Fedorovich and L.M. Voitenko, Problems of
atomic science and Technology 4 (86), 217 (2013).

INSTITUTE FOR NUCLEAR RESEARCH NASU



PLASMA PHYSICS

INVESTIGATION OF Ar PRESSURE EFFECT IN MAGNETRON DISCHARGE
ON STRUCTURE AND OPTICAL PROPERTIES OF TiO, FILMS

E. G. Kostin', A. A.Goncharov’

! Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
? Institute of Physics, National Academy of Sciences of Ukraine, Kyiv

Earlier [1], gas discharge, generated in an in a cy-
lindrical inverted DC magnetron, has been used for
synthesis of TiN films. In [2] were performed inves-
tigation of plasma optical characteristic and dis-
charge parameter of this magnetron for TiO, films
synthesis. This report is examination of interrelation
between films deposition conditions, such as dis-
charge pressure, and films structure and optical
properties. To monitor the synthesis of the films, we
used a Plasma Spec spectrometer [1]. Reactive gas
(0,) flow, required to produce stoichiometric TiO,
films, was determined on the location of singular
points on the curves of the discharge voltage and
atomic oxygen line (777, 2 nm) intensity. Physical
meaning and location of these singular points
discussed in [2].

Composition of the films deposited at a substrate
temperature 400 °C corresponds to the anatase TiO,
with typical for this phase lines. At temperature
300 °C the films were amorphous. From the spectra
in Fig. 1, you can see the influence of argon pressure
on the position and broadening of anatase line.
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Fig. 1. Raman spectra TiO, films deposited at substrate
temperatures  400°C and pressures 3-107, 5:107,
9-107 Torr.

Comparison of these Raman spectra with the
bulk anatase spectrum shows the "blue" shift of
position of all registered lines, that inherent for small
crystallite size. With decreasing of argon pressure
there is a decrease in the background under the line
Egl, reducing the "blue" shift and line widths.
Decrease in background means decrease of disorde-
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red (amorphous) crystalline fraction in the film
volume, and a decrease in the "blue" shift of Egl
line means an increase in crystallite size at lower
argon pressure. Physically, the effect of the argon
pressure is explained by Ti atoms scattering on Ar
atoms on the way towards substrate with a loss of
energy. As a result, they lose the ability to migrate
along the surface of the substrate and lose the
opportunity to integrate in an ordered crystalline
structure during thermalization of their energy. The
estimations of Ti atoms free path for gas temperature
500 K show that quantity of particle, reaching sub-
strate without scattering is 15, 8 % for 2, 5-10 Torr,
2,5 % for 5-10° Torr and 0, 13 % for 9-10° Torr.

Fig. 2 shows the refractive index dispersion of
the TiO, films, -calculated from the optical
transmittance.
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Fig. 2. Refractive index of films deposited at substrate

temperatures 400°C and pressures 2, 5-10, 5:10~ Torr.

It is known that refractive index is directly
related to optical films porosity. From the Fig. 2 data
it can be concluded that at a lower pressure less
porous film formed. This agrees with the fact that
than scattering of Ti atoms less so with greater
energy they enter on substrate and can be embedded
in a dense structure.

1. A.A. Goncharov, A.V. Demchishin, E.G. Kostin et al.,
Tech. Phys. 52, No. 8, 1073 (2007).

2. A.A. Goncharov, A.N. Evsjukov, E.G. Kostin, E. K.
Frolova, Ukr. J. Phys. 55, No. 6, 677 (2010).
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LIPID PEROXIDATION IN RAT BLOOD FOR A SINGLE ENTER DIFFERENT DOSES
OF "'

Yu. P. Grynevych, A. I Lypska, S.V. Teletska, T. V. Tsyganok

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

lodine - a trace mineral that is essential for the
functioning of the thyroid gland (TG) - the most
important organ of the endocrine system that synthe-
sizes hormones for normal functioning of most or-
gans and systems. lodine as a structural component
of thyroid hormones determine the activity of course
a wide range of metabolic processes in the body. Its
accumulation in the TG correlates with the level of
iodide in the blood through the complex regulatory
mechanisms and controlled by the central nervous
system. Radiation damage TG evident increase of
the functional activity of the gradual transition in
hypothyroid condition in which inhibited the biosyn-
thesis of thyroid hormones thyroxine and triiodothy-
ronine - major regulators oxidation - reduction proc-
esses in the body, which played a leading role in the
formation of primary physical and chemical reac-
tions on the effect of radiation. This work is a con-
tinuation of the flow loop studies of the mechanism
of free radical processes (FRP) in the blood of ani-
mals for effects on the body "'I. VRP different
doses for oral conditions (through a tube) injection
of an aqueous solution of sodium iodide 11 activity
3.32 kBq, 19.2 kBq , 65 kBq per animal hemolisate
investigated in rat blood - male Wistar weighing
200+15 g induced by H,0, chemiluminescence (CL)
[1] for the parameters of the maximum intensity of
luminescence (I.x) and its light sum (Z39) for 5 min
dynamics experiment at 0.125 (3H) per 1, 3, 7, 8, 14
and 30 days from the start injection of the isotope.
Antioxidant link FRP studied the activity of catalase
[2]. Blood for research (20 mkl) taken from the tail
vein of animals.

Dynamics of FRP in the peripheral blood of rats
tends to undulating changes in CL, amplitudes are
not significantly (within measurement error) de-
pends on the imposed activities "'I.
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Thus, doses of 3.32 kBq and 19.16 kBq maxi-
mum value L., Z300 and registered on 3rd and 14th
days of experiment and at a dose of 65 kBk on the
1st and 14th, while the minimum - 7 - 8 days. Re-
covering kinetic parameters of CL reactions ob-
served from 14 days (3.32 kBq per L) and 30 (19.2
kBq), day of the experiment. Undulating change in
intensity FRP obviously floor, connected both with
wavy isotope redistribution between organs and
tissues, as features of the process of its output, and a
slight deviation from their control - low in the iso-
tope in blood. It should be noted that in 24 hours
after exposure TG reduced activity of thyroid per-
oxidase and thyroid status, which is the most signifi-
cant reduction in remote period and phase changes
occurring in the blood of thyroid hormones that con-
trol the processes of peroxide. Amplitudes due Iy
functional activity of key antioxidant enzymes -
superoxidedismutase and active catalase conjugated
with it. Her activity in the blood of rats nonsignifi-
cantly changed during the experiment and the doses
administered were oppositely directed changes to the
CL of the blood. As a result of this turn of the FRP
kept intact cell membrane, their transport, and ener-
gotrans-formation, receptor function. Thus, in this
presents studies, as in the past, it is proved that the
single input "'l in the specified activity does not
significantly affect the dynamics of the flow hemoli-
sate FRP in blood and does not lead to significant
impairment prooxidant - antioxidant balance.

1. Ya.l. Serkiz, M. O. Druzhyna, A.P. Hryenko et al.
Chemiluminescense of blood at radiation impact.
(Nauk. Dumka, Kyiv, 1989).

2. M. A. Koroliuk, L. I. Ivanov, I. G. Mayorov ef al.,
Lab. Case. 1(16) (1988).
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EVALUATION RADIATION EXPOSURE IN CASE OF FIRE AT OBJECT "UKRYTIA"

S. I. Azarov',

V. L. Sydorenko®

! Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
? Public Administration in Sphere of Civil Protection, Kyiv

There is a probability of occurrence and devel-
opment of fire object "Ukrytia" that can appear
causes of physical barriers, tightness and release of
radioactive combustion products outside the object
"Ukrytia" [1].

Radioactive combustion products during a fire
indoors facility were collected on filters area of ap-
proximately 0.05 m*> with air pumping capacity of
10° m*/day. The filters were then sent to the labora-
tory radiometric to Chernobyl, where they spent
their y-spectrometry for ultra-pure germanium detec-
tor with energy of 1.9 keV sensitivity to gamma-ray
lines of “°Co and efficient registration of 52 %. Reg-
istration, processing and delivery of information
carried spectrometric analyzer Nokia Lp4900B. The
limit of detection of *’Cs — 0.048 mBg/m’ the rela-
tive level of accuracy of measurement of specific
activity in samples of less than 10 %. The total ac-
tivity of filters was measured no sooner than three
days after sampling, that after the collapse of short-
lived daughter products of natural noble gas radon
and argon. Activity size distribution of radioactive
particles held impactors of 3 m’/min air flow. Con-
centration and separation of transuranic elements
with carriers of the aerosol filters and solutions car-
ried out by radiochemical methods.

The expression for calculating the dose of inter-
nal irradiation by inhalation of radionuclides in the
human body, without the use of personal protective
equipment [2]:

ZPz/

inhal i,j eq
E™ =wt ZZ@ 100

where w — breathing man; t—tlme stays of person-
nel in an emergency area; e,” — dose per unit activity
inhaled by revenues due to i radionuclide j type ab-
sorption by the body; Ceq2 —the concentration of a
mixture of radionuclides in air; Pequ — the percentage
of i nuclide j type in the air.

Inhalation dose coefficients for radionuclides
37Cs, *Sr and transuranic elements were calculated
using the program IMBA, developed by NRPB [3].

The total dose rates from inhalation were found
for the main design scheme (see Table).

According to disperse radioactive composition of
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volatile particles were distributed as follows: aero-
sols with AMAD of 1 micron — 1%, from 1 to
15 pm — 95 %, more than 15 pm — 4 %.

The total dose rates from inhalation
intake of individual

] Einhol
Diagram mcSv/Bq Source

Two-tiered division, class S 0.43 [4]
AMAJI, CI'B, xiac S

-d,=0,5pum, c,=245 0.30 [3]

- dy=1,0 pm, 6, =2.48 0.26 [3]

- dy=50pm,c,=2.5 0.15 [3]
AMA/, CI'B

-d,=10pm,0,=2.5 4.2 [2]

AMAD - Active median aerodynamic diameter aero-
sols (d,,); SGD — standard geometric deviation (o,).

Doses of internal irradiation were determined by
inhalation of radionuclides in the human body. The
density of particles of prostate cancer was taken as
0.32 kg/m’, form factor — 1.5, the rate of breathing
person — 1.2 m’. It was assumed that the proportion
of radioactive substances initially precipitated in the
lungs, is transferred into the gastrointestinal tract.
The corresponding values for the account of the
transfer of the gastrointestinal tract in plasma were
taken equal to 0.1 for *’Cs and *°Sr and 10~ for **
“240p

Comparison of the calculated total effective dose
from inhalation statutory annual individual effective
dose of internal exposure to personnel, which should
be no more than 3.0 mSv, showed that suppression
of fire in the room 402/3 object "Ukrytia" in 10
hours you can get a total dose of more acceptable
and to extinguish the fire in the room 805/3 Re-
ceived dose commensurate with acceptable levels of
daily stress [5].

1. S. 1. Azarov and V. V. Tokarevsky, Nuclear engineer-
ing international 40(491), 38 (1995).

2. Hopmu paodiayiiinoi 6esnexu Yxpainu (HPFY-97):
135 (2000).

3. A. Birchall, M. Puncher, A. C. James et al., RPD 105,
421 (2003).

4. C. U. Azapos, AtomHas 3ueprus 90(4), 296 (2001).

5. 1O. B. JlutBunos, C. 1. Azapos ta B.JI. Cunopenxo,
CHVYIETall 2(46), 125 (2013).
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MOJEJIb JJIsd JOCJI/JUKEHHA NUTOI'EHETUYHUX E®EKTIB PAJIOHYKJIIAIB
Y JIM®OIUTAX NMEPUPEPIMHOI KPOBI JIOJAUHU B EKCIHEPUMEHTAX in vitro

JI. K. Be3npoona, B. 1. ®enopuenko, B. A. Arees, T. B.lluranok,
JI. B. Tapacenko, B. A. Kypoukina, T. B. MeabHuk

Tnemumym adeprux docnioscens HAH Vipainu, Kuis

Merta po6oTH: po3pobKa MOAENi A JOCHTiHKEH-
HS IIUTOT€HETHYHUX e(eKTiB PalioOHYyKIIiHIB y JIiM-
(dormmTax mepudepiitHoi KpoBi JTIOIUHU B EKCIICPH-
MEHTax in Vitro.

BignpanpoBaHo yMOBH Ta po3po0JeHO i BUTOTO-
BJICHO YCTaHOBKY IS 1HKyOaIlii 3pa3KiB remapuHi-
30BaHOT BEHO3HOI KPOBI JIOAWHH 3 PaliOHYKIiJaMH
JUTSL IPOBEJICHHS JOCIIIPKEHb 3 BUBUCHHS 3aJI€KHO-
CTi CIIEKTpa M 4acTOTH 1HOYKOBaHHX XPOMOCOMHHX
MTOIIKO/DKEHB Y JiM(GOIUTaX KpPOBi BiJ JTO3HU OMPO-
MiHEHHS.

['0110BHOIO YaCTHHOIO YCTAHOBKHU € KaceTa, BUTO-
TOBJICHA 3 JIOPAJIEBOi 3aroTOBKU  (JiaMeTpoM
100 mm), sixa mMae mo nepudepii 6 rHI3A A po3Mi-
meHHs (rakoHiB 31 3pa3kaMu KpOBl 1 MO LEHTPY
THI3JI0 JUIS TEPMOMETpa, TPU3HAYCHOTO JJIsl KOHT-
poJito Temrepatypu B kaceTi. [lyig 3amo0iraHHs B3a-
€MHOTO ONPOMIHEHHSI 3pa3KiB KPOBI 3 paliOHYKIi-
JaMH repeoadeHo o0ropTaHHs (IaKOHIB TUCTOBUM
CBHHIIEM HEOOXigHOl TOBIIMHM. JIJIS MOCTIHHOTrO
nepeMilryBaHHsI KPOBi KaceTy 3a(ikcOBaHO Ha cTa-
JIEeBi TOPHU3OHTANBHINA OCi, M0 BIIbHO MEPEKpydy-
€TbCS MK JIBOMa MIiJIOpaMH, 3aKpilUIEHUMH Ha
MacuBHil miatgopmi. OOepTaHHs OCi KaceTu 31ikc-
HIOETHCS BiI PEOYKTOPHOTO ejekrpoasuryHa PJ[-54
3 gactoToro obepranHs 10,8 06/xB. YcTaHOBKY po3-
mimeno B tepmoctarti (37 °C), a eneKTpoJBUTYH —
11032 TEPMOCTATOM BEPTUKAJIBHO HaJ MOTO €JIEKTPO-
HHUM OJIOKOM. {7151 BBEZIEHHS OC1 €IIEKTPOIBUTYHA B
KaMepy TepMocTaTa BHKOPHCTald OTBIp Yy TEpMO-
CTaTi, UI0 MPU3HAYEHUM A1 KOHTPOJIIBHOTO TEPMO-
MeTpa. Bick enekTpoaBHTryHa 3’€JHAHO 3 BICCIO Ka-
CeTH uepe3 IecTepiHndacThii moBopoT Ha 90° (amB.
pucynok). ®ikcairist (IakoHiB 31 3pa3kamMH KpPOBI
npu o0epTaHHI KaceTH 3a0e3Medy€eThCsl MPUKUMHOIO
KPHILKOO Ha IBOX TBUHTAX.

[TokazaHo, 110 3a yMOB iHKYyOarlii kpoBsi (3 mi) 3
¢izionoriunum pozunHoM (0,5 mi), mo Oyne BUKO-
PUCTOBYBaTHCS B MOJAIBIIOMY MJISI PO3BEACHHS
pamioHyKIima, 1  TOXXHBHUM  CEPEIOBHIIEM
RPMI-1640 (1,5 mi) i3 renTOMIinIMHOM (6 OJUHUITH
Ha 1 MJ 3aranpHOI cyMmim) ynpomoBx 48 rox mpu
37 °C npu mocTiHHOMY TMepeMilllyBaHHI Ta MpPOBeE-
JIEHH] TIPOIeaAyp, MO IMITYIOTh BiMUBAHHS KIITHH
KpOBI BiJl pamioHyKIijia, JiM(pOUUTH KpOBi 30epira-
I0Th JKUTTE3MATHICTh. [ MBOTO Micisl 3aKiHUYEHHS
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iHKyOa1ii BMICT ()1aKOHIB MEPEHOCHIIN Y CTEPUIIbHI
neHTpudyxHi Mpodipku, momaBamu 2 mi Qizionori-
yHOro po3uuny (37 °C), mepeMilryBaiu Ta LEHTPH-
¢byrysamu 10 xB mpu 1000 06/xB. Hamocan Bumas-
TM, 3aJMIIAI0Yd y mpodipmi 3 Ml ocamy KIITHH,
nIomaBany mokuBHE cepenosuie (5 mi, 37 °C), me-
pemimyBanu ¥ uentpudyrysanu. Ilpouemypy Bia-
MHUBaHHS NPOBOIWIM y CTEPUIBHHX YMOBAax i IO-
BTOpPIOBajH aBivi. Ocaj pecycreH Iy BaIH.

MiKpOCKOIIiYHME aHami3 Ma3KiB CycCHeH3ii Bif-
MUTHX KIITHH KpPOBI HE BHUSBUB MOP(OIOTiYHUX
3MiH JTiM(OLHUTIB.

TectyBanHs JTIMGOIUTIB HA TOUTKOIHKCHHS ITUTi-
CHOCTI KIITHHHUX MeMOpaH 3a (apOyBaHHSIM TpH-
nmaHoBUM-cHHIM [1] mokazamo, mo Oinmbme 99,5 %
TiM}OITUTIB MAFOTh HEYIITKOPKCHY MEMOpaHy .

[Ticnst KyNbTHUBYBaHHS BiJMHTHX KIIITHH KpPOBi B
MOKUBHOMY CEpEJOBHIN 3 (hiTOreMariIrOTHHIHOM
BIJIITOBITHO JO CTAaHJAPTHOTO MPOTOKONY [2] Oyio
BUSIBJICHO JTOCTaTHIO KiIbKiCTh MeTaa3HUX IUIaCTH-
HOK, IO BiINOBiZany BHMOTaM Uil IPOBEICHHS
[IUTOTCHETUIHOTO aHaJIi3y.

Cxema yCTaHOBKH JUIs iHKyOalii 3pa3KiB KpOBi JIIOAWHH
y TepMOCTAaTI.

1. Jlumgpoyumor: Memoowl, iep. ¢ aHrIL.; Ton pen. Jx.
Knayca (Mup, M. 1990), 395 c.

2. Cytogenetic dosimetry: applications in preparedness
for and response to radiation emergencies (IAEA, Vi-
enna, 2011), 229 p.
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RADIOBIOLOGICAL EFFECTS IN SMALL RODENTS — CONSTANT INHABITANTS
OF CNPP RADIATION-POLLUTED REGION

0. O. Burdo', A. L Lypskal, 0. A. Sova', N. K. Rodionova

! Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
? R. E. Kavetsky Institute of Experimental Pathology, Oncology and Radiobiology
National Academy of Sciences of Ukraine, Kyiv

Complex radiological research (including in-field
and laboratory ones) of small rodents — constant
inhabitants of CNPP radiation-polluted region were
made. Trapping of animals performed in areas with
uneven distribution of radiation fields, the back-
ground radiation in some areas was able to vary by
more than 5 times.

Species diversity of the small rodents was studied
using karyotyping and morphological characteristics.
Shown that most representative type of CNPP region
is red vole (Clethrionomys glareolus). v-p-
spectrometric studies, the levels of accumulation and
specific activity of *’Cs and *’Sr *’Cs in the body
of animals were conducted. Radioactive contamina-
tion of the animals varied widely from 200 to 1450
Bg/g *’Cs, 100 - 1700 Bq/g *°Sr. Individuals with
abnormally high content of radionuclides were also
observed. Absorbed radiation doses originating from
Chernobyl radiation factor were calculated.

A comparative analysis of cytogenetic, morpho-
physiological and hematologic parameters of ani-
mals from contaminated and background areas was
made.

In experimental animals the frequency of mono-
nuclear cells with MNwas in 8 - 13 times higher
than the spontaneous level; also cells with a large
number of MN per cell were observed (Fig. 1).
These changes indicate a violation of cytogenetic
homeostasis. Increased level of cytogenetic disor-
ders may be due to both the direct effect of radiation,
and with a decrease in the functional activity of the
immune system that monitors the cytogenetic ho-
meostasis.

Hematological studies have established that the
concentration of leukocytes in animals from con-
taminated areas were not statistically different from
the control group. The number of erythrocytes in
irradiated animals was within reference values.
Nevertheless were observed qualitative disturbances
of peripheral blood red cell units - pronounced ani-
zopoykilotsytoz, polychromatophilia of red blood
cells, indicating a disruption of the maturation proc-
esses of erythroid precursor cells and coincides with
an increase in level of cytogenetic abnormalities in
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bone marrow cells. In the spleen of animals with a
high content of incorporated radionuclides registered
an erythroid precursor cells.

% CNPP
region
= Control

All micronuclei
per animal

Cells with
micronuclei

Fig.1. Results of cytogenetic studies of bone marrow
cells voles %o (CNPP region, Control), *p>0,05

Analysis of morphological parameters showed
that mass indexes of the internal organs of animals
from the Chernobyl exclusion zone are substantially
different from control levels (Fig. 2).

1,4
1,2

1
0,8
0,6

0,4
0,2

r

Fig. 2. The ratio of average mass index of the internal
organs of experimental and control groups.

Such index ratio of the internal organs testifies to
infringement of the energy balance.

The set of these results and the literature data in-
dicates complex adaptative processes in populations
of animals within the zone of radioactive contamina-
tion.
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DOSE-DEPENDENT CHANGES IN EFFECTIVE HALF-LIFE PERIOD
OF T FROM LABORATORY RATS THYROID GLAND

I. P. Drozd, O. A. Sova

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

In 2011, we conducted a series of experiments
with a single oral administration of iodine
with three different activities, namely, 3.3, 19.2 and
114.8 kBg/animal to laboratory rats.

Thus on the 80th day in the thyroid gland (TG)
formed a dose of 0.86, 6.62 and 32.11 Gy.

As a result it was determined that, with an in-
crease of absorbed in thyroid dose, an increase in the
effective half-life period of the isotope from the
body (7, is observed, which can be described by a
power function:

T,=2.71109 D *“'%%,

where D - absorbed dose, Gy [1].

This growing can be explained by the gradual
development of iatrogenic hypothyroidism, caused
by a moderate damage of thyroid gland tissues, re-
sulting in reduced production of thyrotropic hor-
mones and thus reduce the release of iodine into the
bloodstream.

However, there are messages in literature, that
are based on repeatedly experimentally proven facts,
that for a very large dose (hundreds of Gray) Tes
decreases rapidly with increasing dose [2]. This is
due to progressive destruction of TG tissue and loss
of ability to retain iodine.

The question is: at what dose value begins the
TG destruction and, consequently, T reducing?
This is important for understanding the process of
absorbed dose formation in TG. In the scientific
literature such data is absent. So we set an experi-
ment with single injection of sodium iodide ("*'T) in
an amount 327 kBg/animal to laboratory rats. 25
animals — mature male rats Wistar, weighing 240 +
30 g were involved in the experiment. The animals
were sacrificed according to schedule, with the re-
quirements of Art. 26 Law of Ukraine "On protec-
tion of animals from cruelty." The method of
gamma-ray spectrometry determined the content of
the isotope in the thyroid in dynamics of experiment.
We determined Tr according to obtained data.
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The maximum absorbed dose on the 80™ day was
68.5 Gy. As a result, it was found that T.r decreased
by 11 % and amounted 4.3 compared to 4.85 with a
dose 32 Gy.

Having a reference points for doses above
400 Gy, taken from [2] and using our own experi-
mental data, and assuming that the radiation-induced
TG tissue destruction goes exponentially, we found
the minimum dose at which destruction begins lies
in the range 32 - 37 Gy.

Dynamics of T.r changes are shown on Figure.

—_— 6 N
é 5 4 + calculation
,;j :>:~ 4 O experiment
= e
S 43
Ex )
2 :: B a
EE-I I
o O ' ' L] T 1
0 100 200 300 400 500
Absorbed dose, Gy
* Published data.

The dependence of the values of the effective half-life
period of "*'T from the thyroid from absorbed dose in the
organ.

Found that the absorbed dose of 750 = 50 Gy
leads to complete destruction of thyroid tissue.

Patterns of accumulation and retention of radio-
active iodine in thyroid, that were found, we subse-
quently used in interpreting the results of experi-
ments with long-term oral intake of "*'L.

1. Annual Report-2011 (Institute for Nuclear Re-
search, Kyiv, 2012), p. 118.

2. Pacnpedenenue, xunemuxa obmeHa u OUONIO2U-
yeckoe Oelicmeue pPaouOAKMUSHLIX U30MON0E
tioda. C6., mox pen. JI. A. Unbuna, 0. U. Moc-
kaneBa (Menununa, M., 1970), 240 c.
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IRRADIATION OF BLOOD CELLS AT THE INTAKE OF RADIONUCLIDE
(DOSIMETRIC MODEL)

I. P. Drozd, A. I Lypska, O. A. Sova

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

In radiobiological and biomedical researches it is
often necessary to know the radiation dose of blood
cells (BC). It is especially useful for dosimetric sup-

port in field of radiation hematology and cytogenetics.

This problem should be referred to the field
of microdosimetry, because BC have small sizes,
different forms and various kinetic properties.

However, there are no generally accepted methods
for circulating blood cells doses calculating in avail-
able literature. This report sets out a methodical ap-
proach to the assessment of absorbed doses in BC
using macrodosymetric parameters.

It is known that the absorbed dose is the energy
of radioactive decay, emitted in volume V for time t,
referred to the mass of the substance m, contained in
this volume. We believe that BC are uniformly dis-
tributed in indicated volume. Then, using such quan-
tities as average number of BC of this type in vol-
ume blood unit, average volume of one BC, density
of the culture, that consists of this type BC, and en-
ergy of radiation, which is released at time t in vol-
ume, that is occupied with particular BC, we can
calculate average absorbed dose in this BC. Also, we
believe that all types of BC, except red blood cells
and platelets, the average volume of which is known
and described in reference sources, are spherical
formations. Time t in this case corresponds to the
average circulation time of this BC.

If radioactive isotope with activity Q (Bq) is con-
tained in 1 liter of blood, radiation energy (J), which
is absorbed in this volume, can be determined as:

&
E= I Qo L6-10713 - E 0 dt
1]

where Ez¢ — effective energy (MeV/decay), that is

released in each act of radionuclide decay.
Energy, which is absorbed in population of
k-type BC contained in 1 liter of blood:

Epy=E-W,
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where ¥, — is volume of all together k-type BC.
Energy, which is absorbed in one k-type BC:

€ = Ep/my,

where n; — number of k-type BC contained in 1 liter
of blood.

Dose (Gy) absorbed at time t in the same k-type
BC will be:

B 5
[

where 77;, — volume of one k-type BC; p — density of

culture of k-type BC.

Each type of BC has a specific, peculiar only to
him bloodstream circulation time.

The maximum absorbed doses in different types
of BC, which are calculated, as an example of this
method, for male rat (for the entire period of their
circulation in the bloodstream) for the cases of sin-

gle-and long-term intakes of “*'I, are shown in the
Table.

Maximum doses, absorbed in blood cells
after one time and long-term intakes of "'I

The maximum doses (Gy)
for the time of BC circu-
lation in bloodstream
after one with long-
Blood cells .31 term daily
time "1 .
. . intake of
intake in 131y -
I in the
the amount amount of
114.8 kBq 293 kBq
Erythrocytes 0,001629 0,003015
Platelets 0,000940 0,000543
Neutrophils 0,000115 0,000012
Monocytes 0,000221 0,000036
Leukocytes | Eosinophils 0,000245 0,000044
Basophils 0,000435 0,000124
Lymphocytes | 0,001361 0,002539
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KINETICS OF IODINE-131 AND DOSE FORMATION IN ORGANISMS
OF LABORATORY RATS AT THE PERMANENT INTAKE OF ISOTOPE

L. P. Drozd, A. L Lypska, O. A. Sova, V. A. Shytiuk, L. K. Bezdrobna, O. O. Burdo, L. I. Kuptsova,
V. A. Kurochkina, T. V. Melnyk, L. V. Tarasenko, L. A. Temenik, T. V. Tsyganok

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

The processes of accumulation and excretion of
P'T in the organs and tissues of male Wistar labora-
tory rats by peroral daily intakes of 29.3 kBq isotope
were studied. The experiment lasted 15 days. The
solution of Nal in distilled water was administrated
orally through a tube to animals, and then they were
fed. We used rats with stable homeostasis, weighing
270 + 40 g. Animals were sacrificed (5 pcs. each
time) on 1, 2, 3, 7 and 15 days after the start of ad-
ministration of the isotope in compliance with Art.
26 Law of Ukraine “About protection of animals
from cruelty”. Content of isotope was measured in
organs and tissues by y-spectrometry method.
According to the averaged for 5 animals measure-
ments, the graphic of isotope accumulation in organs
and tissues was built and comprehensively analyzed.
Example of the "'l accumulation in thyroid gland
(TG) analysis is shown on Fig. 1.

3000000 1 U experimental values
= ——ef=const, Linczconst
E ae —+—inc=const, Lefzconst
o 2500000 1 —m—7efiinc=const
= —e—ef Jinczconst
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q"" -

2 1500000 -
-
Ie!
o« 1000000 -
o
=
f’-:" 500000 A
)
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Time of admission of the 1zotope, dais

Fig. 1. Analysis of the accumulation of "'I in TG:
Ainc - describes amount the isotope entering into the TG;
\ef - rate of excretion from TG.

We found that the proportion of isotope trans-
ported to the organ and the excretion rate of the iso-
tope is not constant and depend on the dose of TG
irradiation.

Isotope accumulations in main depots curves are
informative. We have experimentally proved that, in
addition to TG, hypoderm should also be considered
as a main depots. On the second day from the begin-
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ning of the injection dominates the accumulation of
iodine in the hypodermis, which plays role as a body
depot for reservation of various substances, includ-
ing trace elements, among these is iodine (Fig. 2). If
necessary, obviously hypodermis becomes a reserve
source of iodine for the thyroid gland and some
other organs.
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Fig. 2. The iodine accumulation dynamics in TG (A) and
hypoderm (B). On the horizontal axis - time of admission
of the isotope, days; vertical axis - the absolute content of
isotope, Bq.

Using the expressions N = _f: g()dt and
D=16-10"2.N-E_. where q(t) - specific ac-

tivity in the organ, E,, — effective energy we deter-
mined the cumulative amount of radioactive decays
(N) and absorbed dose (D) in the organs and tissues
at the time ¢.

Calculations showed that at 15 days: absorbed in
TG dose was 51 Gy; in stomach walls and hypoderm
- about 3 orders of magnitude, in kidney, liver, lung,
spleen, bone, red bone marrow, thymus, wall of
intestine - about 4 and in muscle tissue - about 5
orders of magnitude smaller, than in TG.

Since absorbed in TG dose after internal intake of
IT can reach very high values, this is used for radio-
therapy of TG cancer in humans. However, for ra-
diotherapy regulations development that would take
into account individual patient it is necessary to
conduct a thorough analysis of dose formation.
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INVESTIGATION OF MIGRATION PROCESSES IN AREAS
WITH DIFFERENT LEVELS OF RADIOACTIVE CONTAMINATION

N. V. Kulich, A. I. Lipskaya, V. I. Nikolaev, V. A. Shityk

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

The current state of contamination by anthropo-
genic radionuclides is explored in ChNPP near zone.
The investigation is performed on the four monitor-
ing landfills located at different distances from the
ChNPP (from 2 to 25 km). Radiometric measure-
ments were made at soil sampling points. The expo-
sure rate at some points differs more than in 100
times. Soil samples for research are collected step-
by-step to the 30 cm depth (0 - 2cm; 2 - 4cm;
4 -7cm;7-10cm; 10 - 15cm; 15 - 20 cm; 25 -
30 cm) by envelope technique at points without an-
thropogenic influence. Soils on investigated landfills
are mostly lightlyturfed lightlyhumused sands and
dewed sand soils.

v-B-spectroscopic investigations of soil samples
is done, then spectral consistency and activities of
radionuclides are determined. Distribution of ra-
dionuclides *Sr; *’Cs; **' Am is investigated at soil
horizon on landfills both with maximum and mini-
mum level of contamination. It was fond that on all

investigated areas main quantity of radionuclides are
located in the root-inhabited layer of soil. The simi-
larity is observed in the behavior of 0Sr; 1¥7Cs;
*'Am in soils. This, may be, is determined by the
fact that the migration of radioactivity to the depth
of soil is done by migration of fuel particles, which
contain *°Sr; ¥’Cs; **' Am.

The spectral investigation data and diffuse-
convection model are used to calculate environ-
mental periods of half-purification of 5 cm soil layer
(T1/2eny) from 90Sr; 137Cs; 2 Am. It is shown that
Tipenv 18 almost equal for all investigated radionu-
clides in the layer in spite of significant differences
in radioactive contamination levels of areas. Periods
of half-purifications can be divided in two groups
with Tjpev equal to 30 and 60 years. The environ-
mental period of half-purification of 5 cm soil layer,
Tif envs is determined from obtained data for *Sr;
137 Cs: 2 Am.

Activity and period of half-purification T, for *Sr, ¥Cs, *'Am in investigated layers

Ladnfill - Activity, Bk/sample Period of half-purification T} ey, years
Cs 990G, WA s 990G, B -
Yanov 1-1 5866 2450 113 36 42 40
Yanov 1-2 57000 14063 578 71 80 71
Yanov 1-3 17497 11438 843 53 65 120
Yanov 2-1 13560 4572 100 75 74 67
Yanov 2-2 12304 8151 384 56 68 69
Yanov 2-3 13063 2765 234 42 58 65
Yanov yine 7642 2281 266 69 54 114
Yanov | 10 2008 704 39 57 39 74
Yanov , 10 1839 1330 30 28 26 26
Chistogalovka, 1139 615 27 28 26 28
Chistogalovka 3315 1116 98 30 28 31
Izumrudnoe; 260 73 6 29 26 27
Izumrudnoe , 160 246 4 26 32 23
Skazochnoe; 55 13 0,3 61 34 52
Skazochnoe , 115 20 3 42 31 47
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RESEARCH OF THE RADIONUCLIDES FORMS IN SOIL-PLANT COMPLEXES
OF THE NEAREST CHERNOBYL NPP ZONE

V. I Nikolaev, V. A. Shytiuk, A.I. Lypska, N. V. Kulich

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

Physicochemical forms of radionuclides, which
got into the environment as a result of the accident
on Chernobyl NPP are changing under the influence
of external environmental factors. Consequently,
that changes their migration capacity and bioavail-
ability. Determination of radionuclides forms that
affect the intensity and mechanism of migration is
an actual problem.

Complex radioecological studies were conducted
on the territory of research polygon near Chernobyl
zone with non-uniform radioactive contamination,
exposure dose was 600 - 5000 mcR/h. Soil and plant
samples were collected for studies in the same areas.
After the standard laboratory sample preparation, y-
and B-spectrometric studies of soil and vegetation
samples were carried out.

Activity of the radionuclides in the experimental
samples was measured on y-spectrometer
CANBERRA and f-spectrometer “SEB-50". Proc-
essing of the spectra was carried out, using program
WINSPECTRUM and “Beta fit”.

For estimation of forms of the radionuclides in
soils and plants researches using the sequential
chemical extraction were carried out. Extraction of
radionuclide fractions in the soil samples were per-
formed in the following order: water soluble, ex-
change, organic, mobile, fixed and mineral balance.
The following forms were determined in plants:

exchange-adsorption, organic and mineral remainder.

Radionuclides, which passed to the contact solution
considered as “mobile” form and those, which re-
mained in mineral remainder are “non-exchange”.

Isotopic composition and content of technogenic
radionuclides in soil, plants and forest litter were
studied. The activity of radionuclides "*’Cs, *°Sr and
! Am in the extracted fractions was determined.

It was established that the main content of *’Cs
and *°Sr in soils are represented in non-exchange and
fixed forms, and only ~ 20 % of radionuclides - bio-
logically available forms. Table presents the data on
the distribution of forms of radionuclides in soils.

This distribution is probably due to the fact that
significant part of the radionuclides in the soil are
still composed in the fuel particles and weakly
leached with contact solutions.
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Forms of radionuclides in soils of research polygon

Forms 137Cs, Sy 2Am
Water soluble 0,20 £0,01 | 0,25 +0,05 | 0,5+0,2
Exchange 0,31 +0,02 | 9,35 +0,8 1,0+0,5
Organic 0,49 +0,03 | 2,4 +0,45 7,0 £0,2
Mobile 2,5+0,5 7,5 £0,7 45 £5
Fixed 12,5+1,5 | 2,5+0,5 20 £2
Mineral 84 +5 78 +8 26,5 +3
remainder

In plants radionuclides are mainly represented in
exchange-adsorption and organic forms (85 - 90 %).
Thus, the main part after death of the plant can eas-
ily be involved in the redistribution chain “soil-
plant-animal”. The Figure presents the forms of the
radionuclides in plants.

B (Cs-137 OSr-90
I - exchange-adsorption
II — organic
III - mineral remainder

| 1 1]
The forms of *’Cs and *°Sr in plants.

Spectrometric study of forest litter extracts re-
vealed a significant content of radionuclides in the
contact solution. In the litter of fixed forms is only
19-21%. This indicates that litter is an additional
source of mobile forms of radionuclides.

According to our research significant part of the
radionuclides in the soil are represent in non-
exchange forms and in the near future will not be
included in the redistribution.

Therefore, the forms of radionuclides in soils de-
termine their bioavailability and migration in soil-
plant complex.
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PARAMETERS OF "“’Cs KINETICS IN RATS’ ORGANISM AND RADIATION DOSES
OF ORGANS AND TISSUES CALCULATION PROGRAM

V.I. Pastushenko, M. V. Naychuk, A.I. Lypska, I. P. Drozd

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

Important and actual direction of experimental
radio-biology researches is a dosimetry and pro-
grammatic-mathematical modeling. For correct in-
terpretation of radiogenic violations in an organism
for a receipt "*'Cs it is necessary to know the doses
taken in directly in every organ, and dynamics of
their forming. For description of kinetics of Cesium
in the organism of animals it is offered the mul-
tichamber model of metabolism, that takes into ac-
count the functional features of organs, fabrics and
transport liquid (to blood), is built on the basis of
theory of chamber models. In this radionuclide ki-
netics is described by the system of the first-order
differential equalizations (SDE), made on the basis
of balance of activities in chambers.

dg _
T = AG(1),
7 q(t)

where: A - matrix of the system, the undiagonal
elements of that are transition constants of radionu-
clide between chambers (A;j); 4 (7) - vector compo-
nents of that describe content of radionuclides in
organs.

SDE was solved by Runge-Kutta using the built-in
ode45 function in the MATLAB environment. This
feature allows solving a given SDE by successive
approximations of the given vector of initial values
for a given range of periods. It was chosen as the
most optimal for this objective because it allows the
fastest and most accurately resolving of the problem.

The absorbed dose in the organ or tissue was de-
termined by the expression

D=16-10"E; Cyt,

where E,, - effective energy; C) - ¢ - number of de-
cays at time ¢, which represents the value of the in-
tegral under the activity curve divided by the aver-
age mass of organ at that time; 1.6 - 10" - conver-
sion coefficient (number of J in 1 MeV).

The use of the developed program significantly
increases the express method, the accuracy and reli-
ability of the determination of internal radiation
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doses, what will allow correct interpretation of
radiobiological dependences "dose - effect".

//V )
( Start

v
GUI properties

v

Announcement of
global variables

v

Definition of initial conditions

v
/ Reading values for the /
/ calculation from the external
/ files (masses, constants)
v
Entering the input activity from
interface element
v
Calculation of initial values atcording to the
input activity
v
/ Enter the time for which the
/ calculation is performed

<:ifj§)E calculation by the Runge-Ku&ja\;?;>
— (ode45) -

i

Saving the calculations in the
file

!

Calculation of the
absorbed dose

!

Plotting activity changes

( End

Block diagram of the complete source code.

123



ABSTRACTS OF WORKS

OIIPEJAEJIEHUE YPAHA, PAJIUA-226 U KOOOPUIIUEHTA
PAJIMOAKTUBHOI'O PABHOBECHUS B OBPA3IIAX YPAHOBBLIX PY/I
U NIYJbIIbI PYJ NOCJIE BBIIIEJAYNBAHUA

H. A. Mamwk, A. ®@. Pyauk, B. B. Tpumun

Hnemumym soepuvix uccnedosanuti HAH Yrpaunvl, Kues

Omnpenenenue ¢ BHICOKOH TOYHOCTBIO COZEpKa-
HUs ypaHa, “°Ra i k0d(p(OUIHEHTa PaJHOaKTHBHOTO
pasHoBecusi (Kpp) B pyzmax BbI3BIBaeT MHTEpEC Kak
TIPU TIOMCKE YPAHOBBIX MECTOPOXKICHUH (0COOEHHO
C HapyLICHHBIM PaJdOAKTUBHOM PaBHOBECHEM, UTO
HMEET MECTO IPU TEXHOJIOTHSX MOA3EMHOrO BhIIIE-
JIAYUBaHUA), TaK U B SIEPHOM KPUMHUHAIMCTHUKE,
MOCKOJIbKY 3TH MapaMeTpbl SBJISIFOTCS XapaKTePHbI-
MU NIPU3HAKaMU (CUTHATYpaMH) YPaHOBBIX PY/I.

B nameit padore [1] u310KeHBI TPUHITUTIBL, a CO
BpEMEHEM YCOBEpIIICHCTBOBaHa M 3aBepIlieHa pa3pa-
00TKa MeTOAa OJHOBPEMEHHOTO HM3MEPEHUs ypaHa,
*Ra u Kpp Ha OCHOBE JIEKOHBOIIOLHMH CYMMAPHOTO
nika ¢ sHeprueit 185,7 u 186,2 k3B paanoHyKIHua0B
U u *°Ra ¢ HCHONB30BAHMEM TraMMa-CIIEKTPO-
CKOIIMH BBICOKOTO paspemieHus. Ha pucynke npuse-
JIeH INpUMep NEKOHBOJIOLMHM CYMMapHOI'O IHKa B
ramma-crexTpe pyas ¢ Kpp = 1.

R

Koauiectno ovescron

12000 -

1OMY

nmsmenbond i Bt i

184.5 185,

ED00- 8
187.5 wB

186,35

Puc. 1. [lexonBomonust cymmapHoro nuka 186 kaB
B TaMMa-CIIEKTPe ypaHoBo# py bl ¢ K, = 1.

OpUruHagbHOM 4epTOMl M KIIOYEBBIM 3JIEMEH-
TOM METOJIa ABJISIETCSI CHOCOOHOCTH C BBICOKOH TOY-
HOCTBIO OIIPENEesTh OTHOIIEHHE HWHTEHCUBHOCTH
ramMmma-KBaHToB ¢ 3Heprueil 185,7 u 186,2 k3B B
npodax ypaHOBBIX pyx. IlokazaHo, 4TO JOCTaTOYHO
TOYHBIM NPUOIMKEHHEM K 3TOMY OTHOIIEHHUIO SB-
JIIeTCSI BBIpAYKEHUE

235
U
£ = Siss
SzzsRa ,
186
S235U SZZ(»RH
rae S5 M Sjg  — KOJMYECTBO MMITYJIbCOB, TOJIY-

YEHHBIX B Pe3yJbTaTe JACKOHBOIIONUU CYMMapHOTO
nuka ¢ sHepruei 185,7 k3B u 186,2 k3B B ramma-
CHEKTpe TPOOBHI.
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OtHowenne & mo3Bonsier paccuntaTth Kpp B

mpoOe MPOU3BOJIBLHOW reoMeTpuu 0Oe3 HCIIOJIb30Ba-
HUSl CTaHAApTHBIX 00pasioB (CO) W ONpeAeNsiTh
KOHIICHTpAIlMK ypaHa U *Ra B pyZJax C UCIOJb30-
BaHUEM TaKUX 00pa3lOB B UACHTUYHBIX TEOMETPHSIX
U3MepeHus, OJ1aroaps YeMy CBOJATCS K MHHUMYMY
HEOIPEICIACHHOCTH PACCUMTAHHBIX BEJIMYHH.

MaccoBasi 701 ypaHa B HCCIIEIyeMO# mpobe
paccuuThiBacTCs 1o GhopmyIie:

1
[1 + J SZ ’ tco ) mco ’ 800
u aco u

o = ®

(1+1]S§,-t-m-8
g

— MaccCcoBasgd nO0Jid ypaHa B CTaHAAPTHOM

u
rue o,,

obpasue; m, m,, , t, t,, €, €, — Macca, BpeMs U3-

co
MepeHuss U 3(PPEeKTHBHOCTh PErHCTpalUd TaMMa-
KBaHTOB JUUIsl TPOOBI M CTAHJIAPTHOTO 00pasiia cooT-
BETCTBEHHO.

ITo sToMy MeTOony OBLIO TPOBEACHO Ompeselie-
Hue Kpp m comepkanmsi ypana B obpasmax pya u
IMyJbIIbI 3TUX PYyA II0CJIC BbIICIaYUBAHUA, I10JTY-
YEHHBIX W3 BOCTOYHOTO TOPHO-000TaTHTEIHHOTO
koMmOuHaTa (T. Kenreie Bombr). Pesynprater mpuse-
JIEHBI B Ta0JIULIE.

Konuentpauus ypana u Kpp

Konnenrpanus
Kon YpaHa, Kpp
Bugobpasua | ooona | % (mac) | (P=0.95)
(P =0,95)

P1 0,085 + 0,002 | 1,00 + 0,02
gs:g;m‘*eﬁm P2 | 0,085+0,002 | 1,00+ 0,02
ypatoBofi py s P3 0,085 + 0,002 | 1,00+ 0,02

P4 0,098 + 0,002 | 1,00 + 0,02

11 0,029 0,002 | 2,502
Hynena pyzet 12 0,030 £ 0,002 | 2,6+0,2
II0CJIC BBIIICIIa-
S 113 0,025+ 0,002 | 2,9+0,2

14 0,041 0,002 | 2,2+0,2

1. . A. Mamwok, A. ®. Pynux u B. B. Tpumus. Meton
OTHOBPEMECHHOTO M3MEPECHHUS ypaHa, panusi-226 u Ko-
s unreHTa paIuoaKTHBHOTO PaBHOBECHUS B MPOodax
YPaHOBBIX pPyJ C HCHOJBb30BAaHUEM TIaMMa-CIIEKTPO-
Mmetpuaeckoii cucremsl U-Pu InSPECTOR. Hlopiu-
Huk-2012 (I HAH VYkpainy, K., 2013), C. 132.
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PO3POBKA CHUCTEMH YINPAB/IIHHA AKICTIO IIPM BUPOBHHLTBI
PAJIO®APMIIPEIIAPATIB B IHCTUTYTI AAEPHUX ANOCJ/II)KXEHb HAH YKPAIHM

B. B. Tpumun, O. B. bBoxok, JI. K. be3gpoona, I'. 5I. Minuyk, B. A. Arees

Incmumym adepuux docnioscens HAH Yrpainu, Kuig

OnHOYacHO 3 Oprasi3amiero pooiT i3 BUPOOHUIT-
Ba paniodapmmpenapatiB (P®II) y naboparopii pa-
nmionyxiigie Ta POII LenTpy exonorivHUX mpoOieM
atomuoi enepretuku S/ HAH Vkpaiau po3po0:is-
€Tbecsl cucteMa ympasiinHs skictio (CYS) npoayk-
uii, mo Oyne BupoOnsaTHCa. CY S po3pobnserscs 3
METOI0 3a0e3neueHHs BiAnoBinHOCTI sxocTi POII
ixHpoMy mpusHaueHHI0. EdexTiBHE QyHKIIOHYBaH-
Hs1 CY Sl ocobnmBo Baxkiause npu BUpoOHULTBI POII,
TI0Y0I0 PEYOBHHOIO SIKUX € KOPOTKOXKHBYHi pafio-
HyKiau (Hampukiaj, apiarnoctnaanii POIT neprex-
HetaT Hatpiro ~"Tc). V TakMX BMIAKaX 3aCTOCY-
BaHHs P®OII moumHaeThCcs OO0 3aKiHUYEHHSA BCIX BHU-
poOyBaHb 3 KOHTPOITIO iXHBOT SIKOCTI.

CVYA mnepenbauae: moOCTaHOBKY 3amad y cdepi
SKOCTI BUILUM KEPIBHULTBOM; iHPOPMYBaHHS [IEPCO-
HaJTy Ta HOro BiAMOBIAHY KBaTi(iKaImiifHy IiATOTOB-
Ky; TOCTIHHUA MOHITOPUHT YCiX BHIIB MAiSUIBHOCTI
[IOI0 BUKOHAHHS MOCTAaBJICHUX BHUMOT; CAMOBIOCKO-
HAJIEHHSI [IUITXOM PO3POOKH Ta peaizallii KopuryBa-
JBHMUX 1 3aMOODKHUX [if; MPOBEAEHHS BHYTPIMIHIX
ayJIMTIB; PEryJISIPHUIA HATTS 3 OOKY KEpiBHHIITBA.

Ha nanomy erami po3po0JieHO KOHLENTYaJIbHY
Mozaens CYS BupoOnuiTBa POIL. Ak 6a3oBuit mo-
KyMEHT o0paHo MixHapoaHuii cranmapt ISO 9001
[1]. ¥V xomi po3poOku Moaeni BUKOpUCTaHO iHGDOp-
MaIliiHi MaTepiany moao BupoBamkeHHS CYS Ha
¢dapmminnpuemcrBax Ykpainu. Po3poOka Ta Bmpo-
BajpkeHHs: CY 4 npu BupoOHunTei POII matots cBoi
0COOIMBOCTI Y 3B’SI3KYy 3 HEOOXITHICTIO BHKOHAHHS
pamiodapMaleBTUYHUM BUPOOHHUIITBOM OKpPIM BH-
MOT Tajly3eBOro craHaapty - Hanexxnoi BuUpoOHHUOT
npaktuku (GMP) [2] me # goTpumaHHs 3araibHUX
BUMOT JI0 CUCTEMH YIPaBJIiHHS JISUTBHICTIO y cdepi
BUKOpHUCTaHHs siepHOoi eHeprii [3]. Buxomsum 3
poro, po3podnena Hamu mozaenb CVYS Gasyerbes
Ha TphOX craHmaprtax [l - 3], mo Jano 3Mory Bpaxy-
BaTH BUMOTH TPBOX CKJIAJOBUX: (hapMaleBTUYHOT,
pamianiiHoi, 3arajdbHOTO YIPaBIIHHA BHPOOHHIIT-
BoM y cdepi sxocti. CTpykTypHOIO ocHOBOIO CY S
crana mozens ISO 9001, B sxy BOYJOBaHO HEOOXi-
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Hi ramy3eBi BUMOru. Po3zpobneHa momenb IPyHTY-
€ThCSI HA TPOIIECHOMY M CHCTEMHOMY ITiJXOJi, BH-
kopuctanHi mpuniumy E. leminra (mmukn PDCA
“Plan - Do - Check - Act” “Ilnany¥ - Buxonyii -
[epeBipsii - [Iiii”) sk 10 KOXHOTO TMPOLECYy, TaK i
cucteMu B nutomy. Jlanumit miaxin mepemnbadae BH-
3HaUYeHHS Ta (QOpPMyBaHHS MeEpexi B3aEMO-
MOB’SI3aHUX 1 B3a€EMOJIIIOYMX MPOIIECIB MPH BUPOO-
aunTBi PDII, ne giTko BcTaHOBiEHI “‘Bxoau” 1 “BH-
X0au” KOXHOTO TIpOIlecy, MmapamMeTpH Ta Kpurepii
OIIHIOBaHHsI W aHai3yBaHHS, PO3MOJIiJ MOBHOBA-
)KEHb 1 BimmoBimaimbpHOCTI. “CHCTEMHHH MmiOXin o
YOpaBIiHHS peani30BaHO IIITXOM CTBOPEHHS IPO-
IIECHOI MOJIEIi, perjiaMeHTallii 3iiCHEHHS TIPOIIECiB,
PO3pOOKH  3aIOKyMEHTOBAaHHMX TIPOLEAYp Pi3HHX
PiBHIB 1 MOKa3HUKIB IJIS OLIHKA IXHBOI pe3yJbTaTH-
BHOCTI Ta 3aCTOCYBAaHHS 3aXOJiB JJIsi IMOCTIHHOTO
BJIOCKOHAJICHHSI.

CrBopenns 3apnsku CY S Takux BHYTpINIHIX Bi-
JTHOCHH MK BCiMa BUIAMH JiSUTHHOCTI (IIpoliecamu),
KOJIM BHXIiJI IPOLIECY OI[IHIOETHCS 32 BCTAHOBJICHUMH
KpUTEPiSIMU TIEPII HIXK CTaTH BXOJIOM BiJAITOBiHOTO
HAaCTYyITHOTO TIPOIIECy, 3a0e3MMEeUeHHS 3PO3yMLIOCTI
Ta YiTKOCTI Ul BUKOHABLIB aJTOPUTMIB IPOIECiB
3MEHIIY€E KiTbKICTh IMOMHIIOK 1 HEBiIOBITHOCTEH,
3aJly9a€e 10 BiMMMOBITAIBHOCTI 3a SKICTh Ta JAOTPH-
MaHHS BCTAHOBJICHUX MPABUJI KOXXHOTO ydYaCHHKa
mporiecy. Yce e 3a0e3neynTh peaibHe OTPUMAaHHS
Brcokoi sikocti PDII Ta 3am0BOJIEHHS BUMOT CIIO-
KUBAYiB, pajianiiHy Oe3nexky mepcoHaly, €KOJIOori-
YHI BUMOTH.

1. ACTY ISO 9001-2009 (depxcrangaptr Ykpainu, K.,
2009), 20 c.

. Jlixapcoxi 3acobu. Hanedxcna eupobnuua npaxmuxa.
Hacranosa CT-H MO3YVY 42-4.0:2011 (MO3 VYxkpaiHu,
K., 2011), 280 c.

3. Ipo sameeposcenns 3azanvhux 6umoz 00 cucmemu
VRpaeninus OisibHicmio y cghepi uxopucmanisi sioep-
Hol enepeii. Haka3z Big 19.12.2011 Ne 190 (JIAP
Vkpainy, K., 2011), 10 c.

125



ABSTRACTS OF WORKS

DEVELOPING OF NUCLEAR FORENSICS DATABASE
BASED ON OPEN SOURCES OF INFORMATION

0. V. Gaidar, V. V. Tryshyn, A. I Ustinov

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

Implementation of evidence-based peer reviews,
trend analysis of the situation and development of
predictive models requires processing of large
amounts of information that can be presented in
various forms: data tables, text documents, carto-
graphic materials, graphs and charts, photographs,
audio and video.

In the case when a database is based on data from
literature sources it is required the solving of a num-
ber of specific problems, including: to store data of
different types and completeness, to avoid duplica-
tion of information and prevent its loss, to establish
comprehensive system of relationships between data,
to develop of structured vocabulary of terms and
definitions.

Nuclear forensics is one of the fields in which
such analytical systems are urgently required. Nu-
clear forensics investigation is more than the charac-
terization of the material, which is simply a determi-
nation of the physical nature of the sample. For the
final attribution and interpretation of the evidences
and material properties, it also requires an involve-
ment of knowledge and expertise from the broad
scientific, forensic and nuclear technology related
areas.

The INR of NAS of Ukraine, in accordance with
the Cabinet of Ministries Decree designated as the
main expert organization for the study and charac-
terization of nuclear and other radioactive materials
seized from illicit trafficking in Ukraine. In presi-
dential decree about the national plan for realization
of the provisions of Seoul summit communiqué it is
supported the subsequent improving of technical
capabilities of nuclear forensics laboratory, based in
KINR, facilitation of international cooperation and
creation a database of nuclear material characteris-
tics, radioactive sources and shielding containers.

Now, in INR NAS of Ukraine the pilot project of
database for nuclear forensics in Ukraine is under
developing to support nuclear forensic studies of
nuclear and other radioactive materials, which are
found outside of regulatory control.

The general scheme of the pilot version of data-
base is based on a client - server architecture. The
client part of system is based on standard Internet
browsers and does not require any special software
to be developed. The proposed architecture for the
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web server is similar to the common open source
server architecture (LAMP) which comprises: Linux
— the server’s operating system; Apache — the web
server component; MySQL — a relational database;
PHP — the application layer.

In general, the proposed architecture is only one
of many possible variants for the development of
this type of system. It is assumed that during the
development of the database, components may be
added, extended or replaced. The main principals of
the pilot version are its easy transfer for different
operation systems and utilization of the most general
data types, commands and procedures. If general
data types, commands and procedures are used, the
database will be versatile and the operation system
used in the future could be Linux, BSD, FreeBSD,
Windows; as a web server Apache, Comanche,
Nginx; Microsoft (IIS), script or CGI-program can
be released in Perl, C/C++, etc. Additionally, multi-
ple database management systems could be used:
MySQL, Interbase, PostgreSQL, MS SQL, Oracle,
etc.

To avoid significant changes of database struc-
ture in the process of database utilization, our ap-
proach to introducing new objects or their attributes
to the database is based on the conception of a rela-
tional database with a limited number of tables and
the utilization of a comprehensive scheme of rela-
tionships. We assume, that this proposed approach
will enable us to complete both present and future
tasks without considerable modifications of database
structure and corresponding significant efforts for
implementation.

Careful consideration is being used to populate
the database with data. As a result of discussions
with potential users of the database and the prelimi-
nary analysis of data from open sources, a basic set
of data has been selected. Also special attention is
paid for selection of existing sets of terms and defi-
nitions, and approved by international community
approaches for data systematization.

It has been developed a structure for the database,
which covers a wide range of objects and metadata
(which can exchange roles), as well as relations be-
tween data in order to maximize the flexibility of the
database for its future applications.
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INVERSION FACTOR IN THE COMPARATIVE ANALYSIS
OF DYNAMICAL PROCESSES IN RADIOECOLOGY

O. L. Zarubin, N. N. Zarubina

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

We have studied levels of specific activity of ra-
dionuclides in fish and fungi of the Kyiv region of
Ukraine since 1986 till 2013, including 30-km alien-
ation zone of Chernobyl Nuclear Power Plant
(ChNPP) after the accident. The radionuclides spe-
cific activity dynamics analysis for 10 species of
freshwater fishes of different trophic levels and at 7
species of higher fungi was carried out for this pe-
riod. Multiple research of specific activity of ra-
dionuclides in fish was carried out on the Kanevskoe
reservoir and cooling-pond of ChNPP, in fungi — on
6 testing areas, which are situated within the range
of 2 to 150 km from ChNPP. The basic attention
was given to accumulation of "*'Cs.

We have established that dynamics of specific
activity of '*’Cs within different species of fish in
the same reservoir is not identical. Dynamics of
specific activity of '*’Cs within various species of
fungi of the same testing area is also not identical.
Dynamics of specific activity of *’Cs with the in-
vestigated objects of various testing dryland and
water areas also varies.

Authors suggest an inversion factor to be used for
comparison of dynamics of specific activity of '*’Cs,
which in case of biota is a nonlinear process: K;,, =
= A0 / At, where A0 stands for the value of specific
activity of the radionuclide at time 0; At — corre-
sponding value at time t; At — activity of radionu-
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clide at time t. Therefore, K;,, reflects ratio (inver-
sion) of specific activity of radionuclides to its start-
ing value as a function of time, where Kinv > 1 cor-
responds to increase in radionuclides' specific activ-
ity and
Kinv < 1 corresponds to its decrease.

For example, K;,, of S7Cs in Rutilus rutilus (L))
in the Kanevskoe reservoir was equal to 0.57, and
13.33 in the cooling-pond of ChNPP, at Blicca bjo-
erkna (L.) 0.95 and 29.61 accordingly in 1987 —
1996.

In 1987 - 2011 K of *'Cs at R. rutilus in the
Kanevskoe reservoir equaled 6.80, and in the cool-
ing-pond — 28.70; at B. bjoerkna 11.53 and 59.88
accordingly.

At the same time (1987 - 2011) Kj,, of ¥Cs in
the water of the Kanevskoe reservoir was equal to
41.12, in the water of the cooling-pond — 72.30.

During 1987 - 2011 Ky, of Y1Cs at Suillus Luteus
(L.: Fr.) S. F. Gray at the testing area "Janov" (2 km
from ChNPP) was equal to 17.21, and at "Stayky"
(150 km from ChNPP) — 4.33; at Boletus edulis
(Bull.: Fr.) accordingly 7.44 and 5.12.

Thus, this universal and simple Ky, can be used
to solve a wide range of the problems connected
with tentative estimation and comparison of dynam-
ics of identical processes for any selected interval of
time.
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SPECIFIC ACTIVITY OF "“Cs AT THE BIOTA OF COOLING-POND
OF ChNPP AT THE PRESENT STAGE OF ITS TRANSFORMATION

O. L. Zarubin, N. E. Zarubina, V. A. Kostiuk, I. A. Maliuk

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

The strong-willed decision of the President of
Ukraine the Chernobyl atomic power station has
stopped to develop the electric power in the end of
2000. Therefore reasonably there is a question on
necessity of maintenance of operational characteris-
tics of its cooling-pond (CP). Various scenarios of
the termination of maintenance of a water level of
CP that will lead to drainage of a considerable part
of its bottom accordingly, to redistribution of radio-
active nuclides in a transformed ecosystem of CP,
are developed now. The area of CP will be reduced
several times at the expense of the termination of
replenishment by water from the river Pripyat. Engi-
neering works on cutting off of water in taking and
water waste canals from the basic part of CP are
spent with 2012.

Therefore, a studying of specific activity of ra-
dioactive nuclides of "a zero background», including
content of '*’Cs in a biota of CP, in a period a trans-
formation of CP to some closed reservoirs is obvi-
ously necessary.

Selection, preparation and measurements of sam-
ples it is executed by employees of INR of NAS of
Ukraine on standard procedures.

Levels of "*’Cs specific activity at fishes of CP
were in limens 0.77-7.61 kBq/kg of crude, natural
mass in 2011-2012. As well as earlier, since 1990,
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the maximum of "*’Cs specific activity is character-
istic for fishes of high trophic levels.

Specific activity of *’Cs in mollusks of genus
Dreissena was at level 0.30 - 0.93 kBg/kg of crude,
natural mass in this period.

Specific activity of '“'Cs in these aquatic
organisms essentially has not varied and at fishes
compounded 0.92 - 4.37 kBg/kg; at mollusks —
0.13 - 0.4 kBg/kg by May 2013.

Specific activity of *’Cs in vegetation of CP in
2011 - 2012 varied: a surface part of Phragmites
australis (Cav.) — 0.42 - 1.32 kBq/kg, Myriophyllum
picatum — 6.80 - 10.11 kBg/kg of air-dry mass at
natural humidity.

Specific activity of *’Cs in vegetation has con-
siderably increased and in some samples has com-
pounded: encrustations — to 21.00 kBqg/kg, M. spica-
tum — to 23.64 kBq/kg, P. australis — to
85.12 kBg/kg of air-dry mass at natural humidity to
5 May 2013.

These samples have passed additional measure-
ments in INR of NAS of Ukraine and in "Ecocenter”
(Chernobyl) for check of reliability of the received
results. Distinctions are in limens of an error of mea-
surements (7 - 15 %).

Now we cannot explain such sharp increase of
B7Cs specific activity in water vegetation of CP.
Researches preceded.
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INFLUENCE OF THE AMOUNT OF PRECIPITATION AND AIR TEMPERATURE
ON MAGNITUDE OF SPECIFIC ACTIVITY OF ¥Cs IN SOILS

N. E. Zarubina

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

Research of weather effect (amount of precipita-
tion) throughout a year on fluctuations of content of
Cs in soil of forest ecosystems in terrain of the
alienation zone of ChNPP (AZ) was the work
purpose.

Soils were sampled on three testing areas in ter-
rain of AZ: "Lelev" — the 10-km zone around
ChNPP; "Paryshev", "Ditjatky" — 30-km zone. Sam-
pling was spent monthly on testing areas "Paryshev"
and "Ditjatky" to the period from September, 2007
till the end of December, 2012. Sampling on testing
area "Lelev" was spent monthly, from June, 2008 till
the end of December, 2012.

Sampling and preparation of samples of soil were
spent according to procedures [1, 2]. Soils were
sampled by an envelope method. Preparation of soils
for measurements was spent in laboratory. Soils
were dried up to air-dry mass, homogenized, pack-
aged in the calibrated ware (a mass of samples was
30 - 50 g for a forest litter and 170 - 230 g for under
laying soil layers). Measurement of "*’Cs content in
samples of soils (layer-by-layer) was spent in INR of
NAS of Ukraine on standard procedures of gamma
spectrometry.

Long-term researches of "*’Cs accumulation in
different layers of forest’ soils in territory of AZ
have shown that throughout a calendar year this
magnitude changes. Fluctuations of values of spe-
cific activity of Cs in tree’ waste, a litter, soil
0 - 5 cm and soil 5 - 10 cm can reach one mathe-
matical order of magnitudes [3].

For influence definition (or its absence) meteoro-
logical factors on change of “’Cs content in soils
throughout a year, correlation coefficients have been
calculated between the content of *’Cs in various
layers of soils and meteorological factors — an
amount of precipitation for different spans (2
months, 1 month, 2 weeks, 1 week, 5, 3 and 1 day),
preceding sampling; temperature of air at the mo-
ment of sampling.
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Correlation coefficients between the investigated
parameters <= 0.3 on all testing areas. Proceeding
from magnitude of the received coefficients, it is
possible to confirm, that the amount of precipitation
and air temperature practically do not influence to
magnitude of content of *’Cs in different soil layers.

Exception is presence of weak communication
between temperature of air and the content of
this radionuclide in tree’ waste and a layer of soil
5 - 10 cm on testing area "Ditjatky" (the correlation
coefficient is equal - 0.35 and - 0.33 accordingly).
On the same testing area there is a weak positive
communication between an amount of precipitation
for 14 days preceding sampling and the content of
7Cs in a layer of a litter = 0.35. Probably existence
of weak negative communication (r = -0.30) be-
tween an amount of precipitation for 7 days and the
content of *’Cs in a layer of soil 0 - 5 cm on testing
area "Lelev".

Practical absence of influence of such abiotic fac-
tors as the amount of precipitation and air tempera-
tures on fluctuations of '*’Cs content in soil speaks
about probable existence any, till now not certain
biological factor which influences the content of this
radionuclide in different soil layers throughout a
calendar year.

It has not been established authentic dependence
of influence of meteorological factors (an amount of
precipitation and air temperature) on levels of spe-
cific activity of "*’Cs in soil (layer-by-layer) in terri-
tory of testing areas of AZ.

1. 1O. B. Xomyturun, B. A. Kammpos u E. 1. XKe6pos-
ckas, Onmumuzayus omoopa u usmeperuil npob npu
paouoskonocuuweckom monumopunee (YxpHUUCXP,
K., 2001), 160 c.

2. Memoouuni pexomenoayii “IIpo60giobip nosimps,
800U, 2pYHMY, OOHHUX 0Cadié Mma ammocgepHux u-
nadamsv 015 eusHavenus emicmy paodionykniois” (K.,
1998), 29 c.

3. H. €. 3apy6ina, y Mamep. VIII miscnap. kong. “Exo-
JoeiuHa be3neka: npoOiemu [ WAXU GUPIUEHHS,
(2012), c. 142.
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BJIMSIHUE HAHOPASMEPHBIX MATHATOYYBCTBUTEJ/IbHBIX KOMIIO3UTOB,
COAEPKAIIUX TI'AJOJUHUU-157 HA MOPOOPYHKIHNOHAJBHBIE CBOUCTBA
KJIETOK IN VITRO

I. . .JIaBpquyKI, J. . Faneemcol, 10. b. [Hquemcoz, B. B. Tpnumﬂz,
A. JI. llerpanosckas’, E. B. Mumumuyx’, I1. I1. Top6ux’

! Tocyoapemeennoe yupescoenue
«Hayuonanvuwiil Hayunsii yenmp paouayuonnou meouyurnovl HAMH Vkpaunsi», Kueg
2 Hnemumym soepuwix uccnedosanuiic HAH YVipaunst, Kues
? Mnemumym xumuu nosepxnocmu um. O.0. Yyiiko HAH Yipaunwi, Kues

AKTHBHBIN TIOMCK OMOCOBMECTUMBIX HaHOMATe-
pHAJIOB IS IIEJICBOM JIOCTaBKU MOJIeKys Oopa-10
WM TaJoduHUA-157 K KIeTkaM ONyXoJd HpU Heu-
TPOHO3aXBAaTHOM Tepanuy COCPeNOTOUYCH, B YaCTHO-
CTH, B 00JAaCTH CHUHTE3a MarHHTOYYBCTBHTEIBHBIX
TBEPIOTENBHBIX YacTHl. HakarumBaercs Bce 00Jb-
1€ KaK MO3UTHBHBIX, TAK U HETATUBHBIX CBEJCHHIA O
MOJIEKYJISIPHBIX M KIETOYHBIX d((eKTax Takux Ha-
HOpa3MEpHBIX YaCTHII.

Pa3zpaborana meTon¥Ka W CHHTE3WPOBAHBI Mar-
HUTHBIE JKHUIKOCTH COCTaBa: | — MarHeTHT/IU3TH-
neHTpuamuHIieHTaykcycHas kuciota (ATIIK)/rago-
nuHuit/onear Na, 2 — MarHeTuT/Me30-2, 3-nuMepKar-
tocykuuHoBas kucnota (IMCK)/ragonunawmii/oneat
Na u 3 — marnerut/oneat Na. [lomydeHHbIe BOJHEIE
MOJMIUCTIEPCUN HMMENIM pa3Mephl YacTHLl OT 2 10
22 HM ¢ MaKCHMAaIBHBIM COJepXaHueM (ppakiuu
~7,5 am. IIpu 3TOoM mpeasiaraloTcsi METOAbI yIIpaB-
JIeHUs1 IBKCHUEM M CBOWCTBAMH HAHOYACTHUI] II0-
CPEIICTBOM IMPHUKIIAIBIBAEMBIX MATHUTHBIX MOJIEH.

[IpoBenenHsl 3KCIEpUMEHTAIBHBIE HCCIECIOBAHUS
BIUSHUSA Pa3IUyHOrO cojaepxanus (or 15 1o
0,15 Mxr/mn) (pUCYHOK) 3TMX HAaHOKOMIIO3UTOB B
MUTaTeNbHOW cpefle Ha MopdodyHKINOHATHHBIE
XapaKTepPUCTUKN KyJIbTyphl KieTok (uHus L929),
KOTOpbIE MPOJEMOHCTPUPOBAIN W3MEHEHUS! CTPYK-
Typbl MOHOCIOSI, ()OPMBI KJIIETOK W SI/Ipa, CTEIEHU
BaKyOJHM3allii IMTOIIa3Mbl, MECTa HAaKOIUICHHS
HAHOYACTHII, a TaK)Ke BBDKHBAEMOCTH, Iponudepa-
TUBHOH M MUTOTHYECKOH aKTUBHOCTH KJIETOK.

[Moka3no, 4To WHKyOaIMs KJIETOK ¢ HaHOYACTH-
LaMH COAEPKAIIMMH TaJOJMHUI, HECMOTPSI Ha He-
BBICOKYIO IIMTOTOKCHYHOCTH (THOENb KIIETOK He
mpessimana 20 %), mpu BO3IEHCTBHH KOHIIEHTpPA-
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WA HccIenyeMbIX HaHodacTull 15 u 1,5 mMkr/mi B
KyJIbTYPE KJICTOK BO3HUKAIO 3HAYUTEIHLHOE KOJTHYe-
CTBO TMATOJIOTUYECKHX MHUTO30B, YTO TPUBOJIUIO
COOTBETCTBEHHO K 00pa3oBaHUIO MHOTOSIEPHBIX (3
— 6 sA1ep) TUTAHTCKUX KJICTOK, KOTOPBIC TP Tepe-
caJike SITUMHUHHPOBAIM C KyJnbTypbl. HaOmronmamm
3HAYUTEIFHOE KOJHMYECTBO AIONTHYECKUX KIETOK.
BbIsSBICHO, YTO MOCTYIUICHHE HCCICAYEMBIX HaHO-
YacTUIl B KIJIETKY, BEpPOSITHEE BCEro, MPOUCXOMIUT
myTeM (haro- WM THHONNUTO3a (HO HE B BaKyOJIsIX), a
HAKOIUICHUE — B SHJ/IOIUIa3MAaTHYECKOM PETHKYJIIOME.

Fonuuecteo 160
KNMeTok Ha
LS IIETE 140 T
0,05 M2 1
140 —
100 =
80 1 I
-1
10
20
]
o
2 K 15 1,5 0,15
=3 E oHIIeHTE AITHA HAHOHA CTHIT, MET/LT

BBDKHBaEMOCTB KJIETOK IIPU MHKYOAIN
C HAHOKOMITO3UTaMH B Pa3HBIX KOHIICHTPALUSIX.

ITonyyeHHBIE NaHHBIE CBHUIETENBCTBYOT O IEP-
CHEKTHBHOCTH HCIIONb30BaHUS pa3pabOTaHHBIX Ha-
HOCHUCTEM JJIsl PELICHMs pAlia 3a1ad HEeHTPOHO3aX-
BaTOH TepalUU.
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MOJUPUIUPYIOIIEE JTEMCTBUE HEMTPOHO3AXBATHBIX ATEHTOB
HA PAJUOTEHHBIE USMEHEHUS B KUIIETKAX IN VITRO

I'. U. JlaBpenuyk', 1O. B. IlleBuenko’, B. B. Tpummun®

'Y Hayuonanvuwiii nayunwiii yenmp paduayuonnoti meduyunst HAMH Yipaunv”, Kuee
ZI/IHcmumym s0epuvix uccredosanuni HAH Yxpaunwi, Kues

OpauM U3 Hanbolee MEePCIeKTUBHBIX, HO W Hau-
0osiee CIOKHBIX BApPHAHTOB JIYYEBOH TEpaIuyl OITy-
xoJel aBnseTcs HelTpoH3axBatHas Tepanus (H3T).
CeneKTHUBHAS JOCTAaBKa aToMOB '’B K OMyXOIHd mo-
3BOJISIET, TMOCIIE BO3JEHCTBUS TEIUIOBBIMH HEUTPO-
HaMH{, PACCUUTHIBATh Ha JIOKAJTHLHOE IMOBPEKICHUS
TOJILKO CaMO# MHMIleHH. MHOT0oOoO0CIaonM Ha-
npaBneHueM ssisercst cuates 'B-, n / wm ' Gd-
COJIEpKAIINX COETUHEHNH, KOTOpPhIe O0JIafaroT Kak
CBOMCTBaMH HEWTpOHO3axBaTHBIX areHToB (H3A)
JUIE HEUTPOHO3aXBAaTHOM Tepanuu, Tak U (OTOCEH-
cuommzaropoB (PC) mis npyroro OMHAPHOTO Me-
tona, poromunamuueckoit tepanuu (OJT). Lensio
WCCIICJIOBaHUs OBUIO B 3KCIEPUMEHTAaX B TECT-
cUCTeMe KJIETOYHOU IOMyJSIIIUK ONPENSTUTh J030-
BYIO 3aBUCHUMOCTh KJIETOUHBIX PEAKIUi MTPH KOMOHU-
HUpoBaHHOM Bo3nerictBun H3A u paguanuu.

WccnenoBanns BRITIOTHEHBI Ha KYJIbTYPE KIIETOK
mHAA Loy, Bl ucmonp3oBanst (H3A): 1 - kapba-
Krnose-nonexapbopar nesust (peareHt A), u cympa-
MoJleKyJIsipHOe coenuHenue {5, 10, 15, 20-Tterpakuc
[n-(1’-kapba-kr030-moaexapOopan-1’-mi) TeTpa-
¢dropdennn) 17, 18-muruaponoppupyH } HATpUs
(pearent b) B xonuentpauuu 0,1 Mxr/mu. O6iryyann
Y-KBaHTAMH 9Co B mozax 0,5, 1, 2,3, 4,5, 75u
10 I'p. KnerouHsle OTBETHI OLICHUBAIU B pPa3HBIC
CPOKH KyJIHbTUBHUPOBAHHS KIETOK IO OOMIETpUHS-
THIM TOKA3aTeJIsIM )KH3HECIIOCOOHOCTH: mpoJudepa-
TUBHas W MUTOTHUYECKas aKTHBHOCTh, KOJIHYECTBO
ATUIMHYHBIX ITOJIMKAPUOLIUTHUB, allONTO3.

B pesymbraTe sKCIepHMEHTAIBHBIX HCCIEI0Ba-
HUH C IPUMEHEHUEM TECT-CHUCTEMBI KYJIbTYPBI TIEpe-
BHBHBIX KJIIETOK W psAa ToOKazarelneil ux Mopdo-
(YHKITHOHAIBHBIX XapPaKTEPUCTHK OBLIH IOJTyYEHBI
3aBUCHUMOCTH «103a - 3()dEeKT», YCTaHOBICHBI Xa-
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paKTep M OCOOEHHOCTH COYETAaHHOTO BO3AECUCTBUS
Ha BBDKMBAEMOCTh M amomnrto3 Kietok H3A u
Y-U3Iy4eHHsd, KOTOpOe SBJIAETCS COMYTCTBYIOIIUM
JUIs HBUTPOHOB CIIEKTpa IEJICHUS, C LENbI0 IPOTHO-
3UPOBAaHUS MHTErPalbHOW SKBUBAJICHTHOM 03Bl HA
OCHOBE OIIPEJENICHUs] M aHalKu3a MOJyYeHHBIX Kile-
TOYHBIX peakuuil. Takum oOpazom:

1. YcTaHOBJIE€HO, YTO MPH HWHKYOAIlMH KIETOK,
ob6mydeHHbIx B auama3one 103 0,5 - 10,0 rp ¢ H3A B
koHneHtparuu 0,1 MKi1/mMi1 HaOIrOAaeTCS 10303aBU-
cuMasi M3MEHEHHE BBDKHBAaEMOCTH (KJIOHOTCHHOMN
CITOCOOHOCTH) KJIETOK. J[030BBIE 3aBUCUMOCTH IS
BCEX TPEX BapHUaHTOB OINBITOB COBMAJAIOT HAa BCEM
JI030BOM MHTEpBane, kpoMe 1036l 5 ['p, 4TO MOXKeT
CBUJIETETHCTBOBATh 00 OCOOEHHOCTSAX MEXaHU3MOB
WHAKTHBAIIH KJIETOK.

2. OOHapy’xeHO, YTO MHKyOalus KJIETOK, 00Iy-
geHHBIX B no3e 0,5 I'p, ¢ H3A He Bieder akTHBH3a-
nuy nponudepanuu U BBDKUBAEMOCTH KJIETOK IIO
CPaBHEHUIO C OTJIEIBHBIM JICHCTBUEM U3ITyUCHHUS.

3. AnHanu3 MHUTOTUYECKOM AKTUBHOCTU B TECT-
cUCTEeME KyJIbTYpbl KJIETOK IOKa3all, 4TO MpHU coye-
tanHOM JnetictBur H3A (kapOopaHa u mopQupruHOB)
1 O0JIy4eHHUs] NeHCTBYIOT MEXaHHU3MBI BO3JICHCTBUS
Ha KJIETKH, KOTOPBIE OTIMYAIOTCS OT MEXaHU3MOB
OTJIENIBHOTO ACWCTBUS pajlallii: BbI3BIBAIOT THOETH
KJIETOK M3-32 OJIOKMPOBaHUs MUTO3a (WM TATOJO-
THIO MHATO03a) W Yepe3 HEKPOOHo3.

4. OnpeneneHue anornro3a B TECT-CUCTEME KYJIb-
TYpbl KJIETOK MOKA3aJI0 U JI0Ka3aJl0, 4YTO MEXaHU3MbI
WHAKTUBAIMK OOJTy4eHHBIX Ki1eTok ¢ H3A pasHble:
Ul peareHTa b mpeoOiamarommM SBISETCS THOED
KJICTOK ITyTEeM aronTo3a, JJis pearcHTa A - 100aBIis-
€TCsl elle W HEKPO3.
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AJEPHASA MATHUTHAS PEJTAKCALIUA
B JUCHEPCUAX ITAPAMATI'HUTHBIX YACTHUL]

I0O. Bb. llleBuenko

Hucmumym adepuvix uccaredosanuii HAH Yxpaunvl, Kues

B paborax psiga aBTOpPOB, cpeld KOTOPBIX OTMe-
tuM paboty Ky6o u Tomura [1], Ob10 mpoBeneHo
CTpOTO€ KBaHTOBOMEXaHHYECKOE PacCMOTpPEHHE
3aMauu AUNOIL-aunonbHoro (dd) B3ammomelcTBHS
MarHUTHBIX MOMEHTOB sIJIep 1 UOHOB B JKUJIKOCTU H
MOJTy9eHBbl KIIACCHYECKUE COOTHOIIEHUS, CBS3BI-
BaOIIME BPEMEHA pEJaKCallil C MOJIEKYJISIPHBIMU
napamerpaMu cuctembl. Kak mpaBuio, B mapamar-
HUTHBIX pacTBopax dd MexaHu3M SAEpPHOM MarHuT-
HOM peraxkcamyy pacTBOPHUTENS SBISETCS TOMHHH-
pyomuM. Pactymuid HMHTEpeC K HaHOpPa3MEPHBIM
oObeKTaM JeNlaeT aKTyalbHbIM aHanmu3 dd-penak-
calliiy B IUCIIEPCHBIX CUCTeMax. B kauecTBe mpume-
pa TaKkuX CHCTEM MOXKHO TIPUBECTH AHUCIIEPCHU
HaHO- W MHKPOPa3MEPHBIX HEWTPOHO3aXBaTHBIX
areHTOB U MPENapaToB AJs paguoTepanuu B OHOJo-
THYECKUX JKUAKOCTAX. PaccMOTpuM MarHWUTHOE
B3aUMOJICUCTBUE MPOU3BOJIBHOTO fAJlpa KUIKOU
JTUCIIEPCUOHHOW Cpelpl C JUCHEPCHOM dYacTuiel
paguyca R;, B KOTOpoii ciy4ailHbIM 0Opa3oM pac-
TIpeJleIeHbl TOYeYHbIe NapaMarHuTHBIE IEHTPHI CO
cpelHell 00bEMHOM IIOTHOCTBIO Gy, TAKOM, 4TO map-
HBIE B3aUMOJIEHCTBHS OTCYTCTBYIOT. DTO O3HAYaeT,
YTO BCE MAarHUTHBIE MOMEHTBI IEHTPOB [L,4 B3aHMO-
NEHCTBYIOT ¢ MOMEHTOM | penakcupylomero sapa
He3aBucuMo. [lockonbKy B Hacrosmield pabore MBI
OTPaHHYUMCSI PACCMOTPEHHEM CITHH-PEIIETOYHON
dd-penakcarnuu, nocieaHee 00CTOATEILCTBO MO3BO-
JSIeT HaM Cpa3y BOCIOJB30BATHCS U3BECTHHIM BbI-
pakeHHeM I pellakcallié B MapaMarHUTHBIX pac-
TBOpax TP B3aWUMOJACHCTBUH PEITAKCHPYIOIIETO
Sapa ¢ OJHUM MapaMarHUTHBIM LIEHTPOM, 3aIlicaH-
HBIM B Buje[2]

_2 2.2
79 15 e

1

7TSL'

1 31,
—-

( ). (D

2 2 2_2
I+ o7, 1+ogT,

TI€ sg - SOPEKTUBHBIM MarHUTHBIH MOMEHT Hapa-
MarHUTHOTO IIEHTPA; Y, - THPOMArHUTHOE OTHOIIE-

HUA dpa; r - paCCTOAHUC MCKAY AUIIOJIBLHO B3aH-
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MOHeﬁCTBymIHHMH MOMCHTAaMU sJipa U HECIApCH-
HOTO 3JIEKTPOHA; T, - BpeMsl KOPpEISLUH, KOHTPO-
JHUpYIoIIee 3TO B3aUMOACUCTBHE; @), wg, - JAPMO-
POBCKasd 4YacTOTa MArHMTHBIX MOMCHTOB dAJpa H
anekTpoHa. CyMMHpYs IO BCEM [l,4 B 00beMe Hac-

TUIBI, TIONydaeM ans ckopoctu dd-pemakcanuu B
JIUCTIEPCUOHHOMN Ccpefe:

L2t o R
T 15T 3T R (h+2R,)
31, T,
o b 2
0‘)1110 1 + (DSTSL'

3neck i — pacCTOSIHUE MEXAY PeIaKCHPYIOIUM
SJIPOM ¥ TTOBEPXHOCTBIO JUCIIEPCHON YacTuilel. U3
dopmyn (1) u (2) cnemyer, 4TO B mMapaMarHUTHOM
JUCTIEPCUH 3aBUCHMOCTh CKOPOCTHU SJIEPHOW pelak-
Callii OT PACCTOSHUS /I MEXIY PEeNaKCHPYIOIIUM
SIIPOM M TTapaMarHUTHOM YacTUIIEH HOCUT CIIOMHBIN

xapakrep: 1/T ldz nponopuronansaa 1/4° npu h<< R,

u 1/h° mpu h>>R,, Torjga Kak B IapaMarHUTHBIX
pacTBOpax OHa IpPOMOpIHOHATbHA 1/r° mpH Beex 7.
Kak BuauM, mpu MallbIX pacCTOSHHUSX Pa3HHIA CO-
CTaBJIsIeT TPH MOPSiAKA. DTO CYIIECTBEHHOE O00-
CTOATENHCTBO, TTOCKOJIBKY BPEMs SIEpHOW MarHWT-
HOW pellakcallui HEBI3KUX pPaCTBOPHUTENCH WU
JIUCTIEPCUOHHONW Cpellbl KOHTPOJHMPYETCS HWMEHHO
penakcaueil B MEepBOM KOOPIWHAIMOHHOW cdepe
InapaMariHuTHBIX HWOHOB HWJIM AWUCIICPCHBIX YaCTHI,
T.C. IPHU MAaJIbIX 7" 1 h COOTBETCTBCHHO.

1. R.Kubo and K. Tomita, J. Phys. Soc. Japan, 9, 888
(1954).
2. A.A. Bamvan u U.C. Ipouun, SHoepras maznummnast

PenakcayuoHHas CneKmpocKonus (aﬂeprOaTOMI/I?)Z[aT,
M., 1986).

INSTITUTE FOR NUCLEAR RESEARCH NASU



RADIOECOLOGY AND RADIOBIOLOGY

TATOJUHUAMN-BOPCOJAEPKAIIIUE HAHOKOMITIO3UTHI HA OCHOBE MATHETHTA

E. B. l'[n.ﬂmmylcl, A.J HeTpaHOBCKaﬂl, II. I1. Fopﬁmcl, A. A. PoroBuos’, 1O. B. llleBuenko’

1 «
Huemumym xumuu nosepxnocmu um. A.A. Yyiiko HAH Yrpaunwsi, Kues
2 M .
Hucmumym obweii u neopeanuueckou xumuu um. B. U. Bepnaodckoeo HAH Ykpaunwt, Kues
3 .
Hucmumym soeprovix uccreoosanuii HAH Yxpaunot, Kueg

CUMHTHIDISATOPH! — BEIECTBa, 00IaJaroIIne CIio-
COOHOCTBIO M3Jy4aTh CBET MPU MOTJIONICHUU HOHH-
3UPYIOIIEr0 U3Iy4YeHUs (TaMMa-KBAaHTOB, JJIEKTPO-
HOB, anb(a-gacTuil U T.1.). OCHOBHOEC TTPUMCHCHHE
CIUHTUJUIATOPOB — JCTEKTOPBI SACPHBIX U3ITyUCHUH,
JIETEKTOPBI HEUTPOHOB.

Hcnonb3oBanue 6opa siBisercss 3QGEKTUBHBIM B
Oop-HeiTpono3axpatHo Tepanmuu (bH3T), m ero
Hanuuue B HelTpoHo3axBaTHoM areHte (H3A) on-
HOBPEMEHHO C TaJOJMHUEM SBISETCS JIOTIOJHHU-
TENBHBIM aKTHBATOPOM TIpollecca HEUTPOHO3aXBaT-
HOH Teparuu.

Hanokommnosut Fe;0,/GdBO; cuntesupoBan B
pe3ynbraTte MOAM(HUIMPOBAHUS TOBEPXHOCTH Mar-
Hetuta Ooparom ragonunaus GdBO;, oOpasyromum-
cs B pesyibTaTe B3amMmogelctus monoB GdBT ¢
THPATHPOBAHHBIM aHHOHOM Gopa [BsOs(OH)4]™, ¢
TTOCIIe YoM THAPoIn30oM B GdBO;.

CuHTE3upOBaHHbIE MarHUTOYyBCTBUTEIbHBIC
HAaHOKOMITO3UTH Ha OocHOBe Fe;0y4, B cocTaB KOTO-
PBIX BXOIWT OOpaT TaJOJIMHUS, MOTYT BBINONHATH
(YHKIIMH HEOPTaHUYECKOTO CUUHTHUIUISTOPA U HEW-
TPOHO3aXBAaTHOT'O arcHTa.

CxemMa XUMHYECKOH peaKIiuy, MPOUCXoasias B
npoliecce CHHTE3A:

Na,B,0; + 2H,0 = 2Na" + [B,Os(OH),]*,
B4O72' + 11 H,O = 4[B(H,0O)(OH);] + 20H",
Gdz(SO4)3 + 2H3BO3 = 2GdBO3 + 3stO4

Pa3paboranHblii METOA JONMUPOBAHUS MArHETUTA
GdBO; mo3BoiseT MONyYuTh aMOpPGHBIA HaHOpa3-
MEpPHBI HEOPTaHUYECKUM CHUHTWILIATOP HA €T0 I0-
BepxHOCTH. CTpOEHHE U CBOMCTBa HAHOKOMIIO3UTOB
N3yYEHO KOMIUIEKCOM (PHU3HKO-XMMHUYECKUX METO-
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0B uccienosanusi. Hanmume Oopa M ragosnHUs
noareepxkaeHo metogamu POC u PDA. TlokazaHo,
4yTo (popMHpOBaHHE KpucTamtndeckor ¢aszel GABO;
MIPOMCXOIUT TOJIBEKO TTocie oTkura mpu 950 °C.

KonuyecTBeHHBIN aHAIN3 3JIEMEHTHOIO COCTaBa
CHUHTE3UPOBAaHHOTO HAHOKOMIIO3UTA IPOBOAMIICS
METO/I0M aTOMHO-3MHCCHOHHON CHEKTPOMETPUH Ha
BBICOKOCKOPOCTHOM ~ aTOMHO-3MHCCHOHHOM  CIIE€K-
TPOMETPE C HHAYKTUBHO-CBA3aHHOW  ILIa3MOM
SHIMADZU ICPE-9000. YyBcTBUTENBHOCTH U
muana3zod juHeiHoctH ICPE-9000 o6GecneunBaer
ompezaeneHne OOJBIIMHCTBA JJIEMEHTOB HA YpPOB-
mel - 10 - 10 u HDKe U AMANa30He THHEHHOCTH
5 - 6 IOPSIAKOB.

Pe3ynprarel KOJMUECTBEHHOTO aHaM3a 00pas-
LIOB MIPEACTaBICHBI B TAOIUIIE.

KoanuecTBeHnHblii coctaB u cootHouienune Fe/Gd/B

B o0pa3ueFe;0,/GdBO;
Se- KoHueHTpa- Jlnmuna MaccoBoe
In BOJIHBI, COOTHOIIIEHHE
MEHT TR, M HM Fe/Gd/B
Fe 110 238,204
Gd 2,3 342,247
B 0,26 249,678 48/110,1

CuHTE3upOBaHHBIE HAHOKOMIIO3UTHI MOTYT OBITH
HCIIOJIB30BaHBI JUUISl CO3JJaHUSI HOBBIX THUIIOB BBICOKO-
3¢ EKTUBHBIX JIEKAPCTBEHHBIX CPEACTB sl HEH-
TPOHO3aXBATHOM Tepanmuu C JONOJHUTEILHBIMU
(GYHKIUSMH MarHUTOYIPABIISIEMON HaNpaBIeHHON
JIOCTABKA K OpraHaM WIH KIETKAM-MHUILIEHSIM, a
TaKke NpU TUIEePTePMHH, KOMOMHUpOBaHHOW Ti-,
T,-MPT-guarsocTuky, U Tepanuu B pexUMeE peaslb-
HOT'O BPEMEHHU.
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B.K. Cepnera, E.I'. Koctun, B.I1. ITono3zos, I'.K. Ca-
BUHKOB, O.A. ®enopoBud

MoaynaumoHHas nonapumeTpus NOHOrO BHYTpeH-
Hero OTpaXeHus, HapyLUeHHOrO anMasonoAo6HBIMU
naeHKkamm

TexHOMOTHS M KOHCTPYUPOBAHKE B AIIEKTPOHHOM
ammapartype 1, 3 — 8 (2013)

A.T". Bopucenko
McTOoUHUK beckanenbHLIX NNa3mMeHHBIX NOTOKOB ANs
HAQHO3MEeKTPOHUKMU

TexHoJIOrus U KOHCTPYUPOBAHUE B JIIEKTPOHHOM
ammaparype 4, 37 — 42 (2013)

V.I. Gushenets, A.A. Goncharov, A.M. Dobrovol-
skiy, S.P. Dunets, I.V. Litovko, E.M. Oks, A.S. Bu-
gaev

Electrostatic Plasma Lens Focusing of an Intense
Electron Beam in an Electron Source with a Vacuum
Arc Plasma Cathode

IEEE Trans.Plasma Sci. 41, 1408-1411 (2013)

Yu. K. Moskvitina, A. O. Moskvitin, O. A. Shys-
hkin, V. O. Yavorskij, K. Schoepf

The Effect of Externally Applied Resonant Magnetic
Perturbations on Fusion Product Dynamics in
Toroidal Plasmas: Numerical Simulation

Journal of Fusion Energy 32, 247 — 253 (2013)

V. Chernyak, O. Nedybaliuk, S. Sidoruk, V. Yuk-
hymenko, Eu. Martysh, Ol. Solomenko, Yu. Vere-
mij, D. Levko, A. Tsimbaliuk, L. Simonchik, A. Ki-
rilov, O. Fedorovich, A. Liptuga, V. Demchina,

S. Dragnev

Hydrogen Conversion in DC and Impulse Plasma-
Liquid Systems

Liquid, Gaseous and Solid Biofuels Conversion
Techniques, 13, 401 — 429 (2013)

S.E. Sharapov, B. Alper, H.L. Berk, D.N. Borba,
B.N. Breizman, C.D. Challis, I.G.J. Classen,
E.M. Edlund, J. Eriksson, A. Fasoli, E.D. Fred-
rickson, G.Y. Fu, M. Garcia-Munoz, T. Gassner,
K. Ghantous, V. Goloborodko, N.N. Gorelenkov,
M.P. Gryaznevich, S. Hacquin, W.W. Heidbrink,
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MAIN PUBLICATIONS

C. Hellesen, V.G. Kiptily, G.J. Kramer, P. Lauber,
M.K. Lilley, M. Lisak, F. Nabais, R. Nazikian,

R. Nyqvist, M. Osakabe, C. Perez von Thun,

S.D. Pinches, M. Podesta, M. Porkolab, K. Shino-
hara, K. Schoepf, Y. Todo, K. Toi, M.A. Van
Zeeland, 1. Voitsekhovich, R.B. White, V. Ya-
vorskij, ITPA EP TG, and JET-EFDA contributors
Energetic Particle Instabilities in Fusion Plasmas

Nucl. Fusion 53, 104022 (2013)

P. Porytsky, 1. Krivtsun, V. Demchenko, et al.
Transport properties of multicomponent thermal
plasmas

Phys. Plasmas 20, 023504 (2013)

V.N. Pavlenko and V.G. Panchenko

Radiation processes in turbulent plasma with ion
temperature anisotropy

Physica Scripta 87, 055503 (2013)

V.G. Kiptily, S.E. Sharapov, T.Gassner, C. Perez
von Thun, S.D. Pinches, B. Alper, E. Cecil, D.Dar-
row, V. Goloborod’ko, C. Hellesen, J. Mailloux,
W. Morris, V. Yavorskij and JET-EFDA Contribu-
tors

Study of Interaction between Fast ion and MHD
Instabilities by Fusion Product Measurements in
Joint European Torus

Plasma and Fusion Research 8, 2502071/1 — 8
(2013)

V.S. Marchenko and O.S. Baschenko,

Suppression of the Alfvén cascades during electron
cyclotron resonance heating

Plasma Phys. Control. Fusion 55, 052002 (2013)

Ya.l. Kolesnichenko, Yu.V. Yakovenko

Can stochasticity of field lines be responsible for
sawtooth crashes?

Plasma Phys. Control. Fusion 55, 115006 (2013).

Ya.l. Kolesnichenko, B.S. Lepyavko, V.V. Lutsenko

Geodesic acoustic mode in tokamaks: local
consideration and eigenvalue analysis
Plasma Phys. Control. Fusion 55, 125007 (2013).

S. Shinohara, T. Tanikawa, T. Hada, 1. Funaki,

H. Nishida, T. Matsuoka, F. Otsuka, [K. P. Shamrail,

T. S. Rudenko, T. Nakamura, A. Mishio, H. Ishii, N.
Teshigahara, H. Fujitsuka, S. Waseda

High-Density Helicon Plasma Sources: Basics and
Application to Electrodeless Electric Propulsion

Trans. Fusion Sci. Technol. 63 164 — 167 (2013)

ANNUAL REPORT —-2013

Radioecology and radiobiology:

M.J. bounapskos, FO.U. UBanos, E.K. T'aprep,
H.H. Tanepko H.II. Jukwuit, N.I1. Ipo3a, M.B. XKe-
nroHoxkckas, AWM. Jlunckas, B.T. Maciok,

O.H. INapnar

Paaunoskonoruveckuin u paanobuonoruyeckuis Mo-
HUTOPUHT C Lienbro peKOHCTPYKLMU U NMPOTHO3UpO-
BAHUA NOCNeACTBUM paANALIMOHHOW aBapum
Bunaxinauk i pamionamizarop. Hayka i Texnika, 3,
18 — 33,2013 p.

H.H. XKnanosa, B.A. 3axapuenxo, A.W. Bacunesc-
kas, A.T. konsasi, H.JI. Kyuama, JI.B. ApTeIm-
koBa, }0.C. Cagosuukos, B.B. Bembep, JI.T. Haxo-
HeuHas, 11.H. Kynuenko, E.B. Cokonona, A.A. Op-
qoB, T.W. Penunn, B.A. Xenronoxckuii, JI.B. Ca-
nosuukoB, T.H. Jlamko, M.B. XKenToHoxckas,
A.A. I'pomzunckas, C.A. Ceipuun, C.I1. Baccep,
10.B. Kapnenko, A.K. ITaBnuuenko, C.B. Onuies-
ckas, T.W. Tyraii

Mukobuota YkpauHckoro TTonecba: nocneacTeus
YepHOOLINbCKOM KATACTPOEPLI

IrctutyT MikpoOionorii i Bipycosnorii
im.J[.K.3abomotHoro, Kuis. Haykosa mymka (2013).-
384

T.W. Tyraii, A.B. Tyraii, M.B. XXenronoxckas,
JI.B. CagoBHUKOB

BnuaHve HU3KMxX 803 06ny4veHUs Ha pocT Aspergillus
versicolor Paecilomyces lilacinus

Mikpoo6iomoriunuii xxypHai 75, 33 — 40 (2013)

0O.J1. 3apy6in, B.A. Koctiok, [.A. Manrok

137Cs y 6i0TUUHUX KOMMOHEHTAaX eKOCUCTEMU BOAO-
“mmn-oxonoaxysava YAEC no nouartky ii TpaHcgpop-
mauii

Hanzeuuaiina cutyaris 2(183), 48 —49 (2013)

0O.JI. 3apy6in, 1.1. 'ynkos, O.M. Bonkoga, B.B. be-
ases, O.€. Karnsan, B.A. Koctrok, I.A. Maiok,
0O.b. Hazapos, A.C. binokons, O.M. MapeHkoro

PanioaxkTueHicTb pub YKpdiHu yepes 26 pokis nicns
asapit Ha YAEC (HaHi aocnipxeHb gpaxisLis 3 BOAHOT
paaiauiiHoi ekonorii, «J10BUCb Kpalle maneHbKa..»)
Hapzeuuaiina cutyartis 5(186), 40 —43 (2013)

0O.J1. 3apy06in, B.A. Koctiok, [.A. Manrok

17Cs y 6i0TUUHUX KOMMOHEHTAaX eKOCUCTEMMU BO-
nolvimm-oxonoaxysada YHAEC no nouatky i
TpaHcpopmawlii

Hamzeuuaiina cutyartis 2(183), 48 — 49(2013)

O.JI. 3apy6in, 1.1. I'ynkos, O.M. Bonkoga, Ta iH.
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PanioaxTusHicTb pub YKpdiHu Yepes 26 pokis nicns
aeapii Ha YAEC
Hamzeuuaiina cutyartis 5 (186), 40 — 43 (2013)

H.€. 3apy6ina

PagiauiviHe 306pyaHeHHs icTiBHUX rpubis Ha TepuTo-
pii Kuiscbkoi obnacri

Hanzeuuaiina cutyartis 6 (187), 50 — 52 (2013)

A L Jlunceka, B.O. XKentonoxcrkuii, B.1. Hikosma-
eB, B.A. lllutiok, H.B. Kyniu

OcobnueocTi mirpauii TeXHOFeHHUX PAAUNCHYKIIAIB B
TPYHTOBO-POCIUHHUX KOMMeKcax 6UXKHBOT 30HU
BiAYyxeHHs YAEC

Texnorenna Oesneka 198, 40 — 45 (2013)

JI.B. Tapacenxko, JI.K. be3npo6na, T.B. l{uranox,
10.0. Hocau, T.B. MenbHuK

CNOHTAHHI piBHI abepaLii XpOMOCOM Y XUTeSiB MicTa
Kuesa y BiaaaneHuii nepioa nicns YopHobunbcbkot
asapif

TexHorenHna 6e3neka 198, 120 — 123 (2013)

LIL dposm, O.A. Cosa, B.A. llluTiox

[o3oyTBOpeHHs y N1abopatopHUX LypiB 3a Nepoparnb-
Horo HaaxopxeHHs °'T 3 6nokysaHHaM Ta 6e3 61oky-
BAHHS WMTONOAIBHOI 351031 cTabinbHUM MOAOM

Texnorenna Oe3neka 210, 23 — 30 (2013)

LIL. Hdpo3n

XpOHiUHUI BNNUB iOHI3yHOYOT pagiallii Ha OpraHiam
TBAPUH | NFOAUHU

SnepHa ¢isuka ta enepreruka 14, 42 — 50 (2013)

IO.I1. I'punesny, LI1. dpo3n, A.lL. Jlunceka,
C.B. Tenenpka, JI.I. MakoBelnpka

TTepokcuAaasHa aKTUBHICTb KpOBI LLYypiB 3a TPUBASIOTO
HaaxoaxeHHs '’ Cs

SnepHa disuka ta enepreruka 14, 64 — 68 (2013)

0.0. Bypno, A.l Jluniceka, B.1. Hikomnaes, B.A.
[wutrok, H.B. Kyniu

Bnnue paaiauitiHUx ymoB Ha LMTOreHeTUYHi NoKas-
HUKU MULIONOAIBHUX TPU3YHIB i3 30HU BiAYYXeHHS
YAEC

SAnepna ¢disuka ta enepreruka 14, 69 — 74 (2013)

JI.B. Tapacenko, T.B [{uranok, JI.K. be3apoOHa,
10.0. Hocau, O.®. CeHrok

BionoriuHi iHAUKauis BNNUBY BUPOOHUUMX YMOB Ha
nepcoHan ACTT no nosoaxeHHIO 3 padioaKTUBHUMMU
BiAXOAAMM i Ae3aKTmBaLii «Komnneke» y 30Hi
BiAvyxeHHs YAEC

SnepHa ¢isuka ta enepreruka 14, 75 — 80 (2013)
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A.H. bepmmzos, .A. Mamiok, A.Jl. CakeHIOK,
B.B. Tpumun

OcobeHHOCTU TexXHONMoruu nostyyeHus obpasLos Ans
onpeaesieHns GKTUBHOCTU PAAUOHYKIIUAOB B MaTe-
puarne TONJIMBHLIX KGHASbHLIX Tpy6 peakTtopos PEMK

SnepHa ¢i3uka ta eHepreTuka 14,. 165 — 170 (2013)

O.J1. 3apy6un, H.E. 3apy6ouna, JI.11. I'yakos,
E.H. Bonkoga, B.B. benses, A.E. Karnsin,
B.A. Koctiok, 1. A. Mamiok, A.b. Hazapos,
A.C. benokons, O.H. MapenkoB

137Cs y pb16 YKpauHer yepes 25 feT nocrie asapumt Ha
YA3C

SnepHa ¢i3uka Ta eHepreTuka 14, 177 — 182 (2013)

Yu.N. Lobach, G. Toth
Design for the WWR-M reactor vessel removal

Nuclear engineering and design 258, 184 — 188
(2013)

Yu.N. Lobach

Development of the decommissioning planning
system for the WWR-M reactor
IAEA-TECDOC-1702, Vienna, 215 — 241 (2013)
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The talks at the international conferences

Nuclear physics:
F.A. Danevich
Radiopurity of ZnMoO, crystals with natural and
enriched materials

LUMINEU meeting, Orsay, France, February 4,
2013

D.M. Chernyak
Suppression of random coincidences in ZnMoO4 bo-
lometers with pulse shape discrimination

LUMINEU meeting, Orsay, France, February 4,
2013

V.V. Kobychev

AMOoRE background evaluation with GEANT4 simula-
tion

Int. Worksop on Nucl, Part. And Astrophys., HIGH1
resort, Gangwon-do, Korea, February 13 — 16, 2013

V.A. Plujko

Average Description of Dipole Gamma-Transitions in
Hot Atomic Nuclei

International Conference on Nuclear Data for Sci-
ence and Technology (ND2013), NY, USA, March 4
- 38,2013

B.A. Xenronoxckuii, A.Il. Jlamko, T.H. Jlamxo,
A.H. Caspacos

BHyTpusaepHas koHeepcus K-3anpetueHHbrx E1-
nepexonoe B AEPOPMUPOBAHHLIX SAPAX

XI koHpepeHuus no Gpu3nke BBICOKHX SHEPTHH,
SIIEPHON (PHU3UKE M YCKOPUTENsIM, XapbKoB, YKpau-
Ha, 11 — 15 mapta 2013 r.

B.A. I'panues
SHepreTuyeckue pacnpeaeneHus npotoHos 8 D(d, p)
peakumsax

X1 xouhepenmus o Gpu3nuke BEICOKAX SHEPTHH,
SIEPHON (PU3HKE U YCKOPUTEISAM, XapbKOB, YKpau-
Ha, 11 — 15 mapta 2013 1.

T.B. Oouxon

CeueHue 06pasoBaHUs HeWTpanbHOro 603oHa Xurrca
MCCM-mopenu B peakumax CnusaHUS rNHOOHOB U B-
keapkos ¢ NNLO QCD-pacuetamu

XI koHpepeHuus no Gpu3nke BBICOKHX SHEPTHH,
SIIEPHON PHU3UKE M YCKOpUTENsIM, XapbKoB, YKpau-
Ha, 11 — 15 mapta 2013 1.

1O0.M. I1aBuaenko

ANNUAL REPORT —-2013

MexaHi3mu opMyBaHHS KiHLIEBOrO CTaHy peakLUit
7Li(d, aa)n Npy HU3bKUX eHepriax AeiTpoHis

X1 xordepeHIys 110 GU3NKE BBICOKUX YHEPTHIA,
simepHON (pU3UKe U yCKOPUTEIM, XapbKOB, YKpau-
Ha, 11 — 15 mapta 2013 .

IO.M. [1aBnenko

OcobnueocTi po3naay nepluoro 36yaxeHoro cTaHy
aapa ®Be B peaxuii 'b(p, aa)a npu HU3bKUX eHeprisix
NpOTOHIB

XI koH}pepeHnus Mo GU3UKE BHICOKMX SHEPTHI,

AIepHON (PHU3HMKE U YCKOPHUTENAM, XapbKoB, YKpau-
Ha, 11 — 15 mapra 2013 1.

D.M. Chernyak

Development of cryogenic low background detectors
based on enriched ZnMoO, crystal scintillators to
search for neutrinoless double beta decay of '*Mo

Journées Des Doctorants 2013, Orsay, France,
March 27 — 28, 2013

T.B. KoBanincbka
TTacTepu3auma NULLEBLIX NPOAYKTOB HA
PAAUGLIMOHHO YCTAHOBKe

MexayHapoIHbIi ceMUHAp «DNEKTPOHHAS CTEPU-
JU3AIHs MAIEBBIX TPOTYKTOB U M3AETHI METUITHH-
CKOro HazHaueHus», Actana, Kazaxcran, 3 — 5 an-
pemst 2013 1.

S.P. Maydanyuk

Overview of nuclear bremsstrahlung and proposal of
proton/nucleus-nucleus experiments at IMP

International Conference on Nuclear Physics,
Shenzhen, China, May 2 — 5, 2013

V.V. Kobychev

AMORE: expected backgrounds and how to reduce
them

Korea Research Institute of Standards and Science,
Daegjeon, Korea, May 18, 2013

B.M. Mokina

Po3pobka cumHTURAUilHUX kpucTanis PbWO, 3
apXeonorivyHoOro CBUHLIO ANS eKCMEepUMEHTIB 3
NoLyKy NoABIUHOrO 6eTa-po3naay i TeMHOT maTepii

Int. Conference of young scientists and post-
graduates, Uzhgorod, Ukraine, May 20 — 23, 2013

B.M. SIxoBeHko
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®i3nKa BAXKUX Me30HiB Ha Benikomy AfpoHHOMY
Konatiaepi. Pagiauiiini posnaau B°—K*y ta B®,—oy 8
ekcnepumeHTi LHCb

MixxHapoiHa KOH(pEPEHIIis MOJIOANX BUYCHUX Ta
acmipanTiB, Yxropon, YkpaiHa, 20 — 23 TpaBHs,
2013 p.

O. Okhrimenko
Performance of the metal Radiation Monitoring
System

LAL-Ukraine workshop on HEP instrumentation,
Orsay, France, May 20 — 24, 2013

V. Pugatch

Position Sensitive Metal and Hybrid Microdetectors
in HEP and Nuclear Physics experiments
LAL-Ukraine workshop on HEP instrumentation,
Orsay, France, May 20—24, 2013

I. Panasenko

Characterization Studies of the Detector Modules
for Silicon Tracking System

LAL—-Ukraine workshop on HEP instrumentation,
Orsay, France, 20—24 May 2013

O. Kovalchuk
Metal Microstrip Detectors

LAL—-Ukraine workshop on HEP instrumentation,
Orsay, France, 20—24 May 2013

D.M. Chernyak

Scintillating bolometers - rejection of background
due to standard two-neutrino double beta decay

Le Groupe de Recherche Neutrino meeting, Paris,
France, May 21 — 23,2013

Yu.N. Pavlenko.

The detector setup for the Coulomb impact studies
on the observed properties of two-fragment reso-
nances

Joint LAL — INR NASU Workshop on HEP Instru-
mentation, Orsay, France, May 22 — 24, 2013

T.V. Obikhod

Matter from Toric Geometry and its Search at the
LHC

Mixnapoana koHpepenmis “I'eomerpus B Onecce
— 2013, Oneca, Ykpaina 25 tpaBHs — 1 depBHA
2013 p.

B.M. fIxoBeHko
Metal Micro-detectors for Radiation Therapy
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XIII MixxaapomHa HaykoBa mkoja «[Ipobmemu
(GyHIaMEHTAIBHOT Ta MPUKIIATHOT Pa1io0ioIoriiy,
O6wiuck, Pocist, 27 — 31 tpasus, 2013 p.

V.A. Plujko, O.M. Gorbachenko, E.P. Rovenskykh,
V.A. Zheltonozhskii

Test of closed-form gamma-strength functions

4-th Workshop on Level Density and Gamma
Strength, Oslo, Norway, May 27 — 31, 2013

B.M. Mokina

OnTumisauis ymos 36opy cBiTnay
HU3bKOTEMNEepaTypHUX CLIMHTUNALIMHUX AeTeKTopax
TeMHOT maTepii Ta noagikiHoro 6eta-posnaay

MesxyHapogHast IIKOJIa MOJIOBIX YYEHBIX IO
simepHOM (pu3uKke U dHEpreTHKe, AymTa, YKpanHa,
3 — 7 mions, 2013 .

F.A. Danevich

RA&D of crystal scintillators from enriched isotopes
for high sensitivity double p decay experiments

Int. Conf. MEDEX’2013, Prague, Czech Republic,
June 11 - 14, 2013

V.I. Tretyak

Search for rare nuclear decays with HPGe detec-
tors at LNGS STELLA facility

Int. Conf. MEDEX’2013, Prague, Czech Republic,
June 11 — 14, 2013

F.A. Danevich

ZnMoO;, purification and crystallization in Novosi-
birsk

ISOTTA meeting, Orsay, France, June 24, 2013

F.A. Danevich

Requirements and prospects for production of ra-
diopure CaMoO;, crystal scintillators

AMORE collaboration meeting, Heidelberg, Ger-
many, July 25 — 26, 2013

V.V. Kobychev
Background simulation of AmoRE

AMORE collaboration meeting, Heidelberg, Ger-
many, July 25 — 26, 2013

V.V. Kobychev

Solar axion search

CUNPA kick-off meeting, Daejeon, Korea, August
22 -23,2013

V.V. Kobychev

Background simulation for materials

CUNPA kick-off meeting, Daejeon, Korea, August
22-23,2013
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V.1 Tretyak

First results of the experiment to search for double
beta decay of '°°Cd with 1®CdWQ, crystal scintilla-
tor in coincidence with four crystals HPGe detector

Int. Workshop on Radiopure Scint. PScint’2013,
Kyiv, Ukraine, September 17 — 20, 2013

D.V. Poda
Search for 2f decay of "°Cd with the help of en-
riched "CdWQ, crystal scintillators

Int. Workshop on Radiopure Scint. PScint’2013,
Kyiv, Ukraine, September 17 — 20, 2013

V.V. Kobychev
Expected backgrounds in AMoRE experiment

Int. Workshop on Radiopure Scint. PScint’2013,
Kyiv, Ukraine, September 17 — 20, 2013

V.1 Tretyak
Semi-empirical calculation of quenching factors for
scintillators: new results

Int. Workshop on Radiopure Scint. PScint’2013,
Kyiv, Ukraine, September 17 — 20, 2013

T.B. KoBaninceka
dneKTpopU3nYeCcKMe TeXHONOMUU ~ UHHOBALIMU B
Cpepe cosieHOW pbrbonpoayKLUU

IX MixkaapoHa HayKOBO-TIpaKTHYHA KOH(EPEHITis
«IIpou3BOACTBO PHIOHON MPOITYKITUH: IPOOIIEMEI,
HOBBIE TEXHOJIOTUH, KaueCTBOY», CBITIIOTOPCHK, 17 —
20 BepecHs, 2013 p

A.l. Sanzhur

Symmetry energy: from nuclear matter to finite
nuclei

The 1-st International conference “Isospin, structure,
reactions and energy of symmetry”, Casta-
Papiernicka, Slovak Republic, September 23 — 27,
2013

V.M. Pugatch

LHCb Overview (on behalf of the LHCb Collabora-
tion)

International Conference ,,New Trends In High-

Energy Physics®, Alushta (Crimea), Ukraine, Sep-
tember 23 — 29, 2013

B.M. fIxoBeHko
Development and Application of New Detector Sys-
tems for Dosimetry in Radiation Therapy

Mixnaponna koHpepenuis «The future of radiation
oncology: imaging, dosimetry, biology & therapy»,
Berder island, ®pantiis, 25 — 28 Bepechs, 2013 p.

ANNUAL REPORT -2013

F.A. Ivanyuk
The shell effects in the scission point configuration
of fissioning nuclei

20-th Nuclear Physics Workshop "Maria and Pierre
Curie", Structure and Dynamics of Atomic Nuclei,
Kazimierz Dolny, Poland, September 25 — 29, 2013

A.G. Magner
Nuclear asymmetry and isovector dipole resonance
structure in the effective surface approximation

20-th Nuclear Physics Workshop "Maria and Pierre
Curie", Structure and Dynamics of Atomic Nuclei,
Kazimierz Dolny, Poland, September 25 — 29, 2013

S.P. Maydanyuk

Quarks study via photon bremsstrahlung emission
during proton nucleus collisions at low energies

International Symposium on Physics of Photons,
ISPP-13, Lanzhou, China, September 27 — 29, 2013

S.P. Maydanyuk

Method of determination of parameters of scatter-
ing proton-nucleus potential from the experimental
bremsstrahlung data

International Symposium on Physics of Photons,
ISPP-13, Lanzhou, China, September 27 — 29, 2013

M.S Borysova.

Tubular initial conditions and ridge formation in
HKM

Ecole Joliot Curie School 2013 "A colourful jour-
ney: from Hadrons to Quark-Gluon Plasma", Fréjus,
France, September 29 — October 4, 2013

V.1 Tretyak

Possible other physics measurements with NEMO-
3/SuperNEMO

NEMO-3/SuperNEMO Collaboration Meeting, Bra-
tislava, Slovakia, October 1 — 4, 2013

V.1.Abrosimov

Pairing collective modes in superfluid nuclei: a semi-
classical approach.

LXIII International Conference “Nucleus 2013,
Moscow, Russia, 8 — 12 October, 2013

V.Yu. Denisov

Tsotopic and neutron excess effects of both the
nucleus-nucleus interaction and the fusion cross
sections

63 international conference of nuclear physics “Nu-
cleus 2013”, Moscow, Russia, October 8 — 12, 2013

V.Yu. Denisov
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The multi-dimensional model of cluster decay ***Cm-
>208Pb - 34S|~

63 international conference of nuclear physics “Nu-
cleus 2013”, Moscow, Russia, October 8 — 12, 2013

A.M . Savrasov

Penetration effects in the E1 and E2-forbidden
transitions in the *°Sn

63 international conference of nuclear physics “Nu-
cleus 2013”, Moscow, Russia, October 8 — 12, 2013

A.M . Savrasov
Investigation of high-spin isomeric states in
nuclei in (p,n) reactions

63 international conference of nuclear physics “Nu-
cleus 2013”, Moscow, Russia, October 8 — 12, 2013

196,198AU

A.M . Savrasov
Measurements of isomeric yields ratios at 235U
photofission

63 international conference of nuclear physics “Nu-
cleus 2013”, Moscow, Russia, October 8 — 12, 2013

A.M. Savrasov
Neutron emission by positron annihilation in *Be

63 international conference of nuclear physics “Nu-
cleus 2013”, Moscow, Russia, October 8 — 12, 2013

V.T. Kupryashkin

Exit of the near-zero energy electrons from the
target surface at low energies of alpha-particles
MesxtyHapoJHO€E COBEIIaHUE TIO0 SIAEPHOU
CIEKTPOCKOIIUH U CTPYKType aToMHOro sizapa “Nuc-
leus 2013”, Mocksa, Poccust, 8 — 12 okta0ps

2013 1.

A P. Lashko

The gamma-ray intensities from the "°Hf decay
LXIII international conference “Nucleus 2013”.
«Fundamental problems of nuclear physics and
atomic power engineering» (LXIII meeting of nu-
clear spectroscopy and nuclear structure), Moscow,
Russia, October 8 — 12, 2013

A.P. Lashko
Internal conversion electrons of the 362 keV
gamma-transition for K- and L-shells of '**Ho

«Fundamental problems of nuclear physics and
atomic power engineering» (LXIII meeting of nu-
clear spectroscopy and nuclear structure), Moscow,
Russia, October 8 — 12, 2013

A.P. Lashko
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The study of the low-energy range of the ""Lu
gamma-spectrum

«Fundamental problems of nuclear physics and
atomic power engineering» (LXIII meeting of nu-

clear spectroscopy and nuclear structure), Moscow,
Russia, October 8 — 12, 2013

B.M. Ilyrau

TTO3UUIUHO-YYTIIMBUIA KpeMHIEBUIA AeTeKTop ANng
PeHTreHiBCbKOT ANMPPAKTOMETPIT LWBUAKONNUHHUX
npouecis

V HaykoBo-npaktiana koHdpepentis HAH Ykpai-
HU «HOBITHI PO3pOOKH HAYKOBOTO O0JIaTHAHHS
MPOBIAHUX NpWIano0yAiBHUX KOMIIaHii. Po3BuTOK
[EHTPIB KOJIEKTUBHOTO KopuctyBaHHs B HAH Ykpa-
iHny, VI Mixunapoguauit popym «KomruiekcHe 3a-
OesmevenHs nabopatopiit», Kuis , Ykpaina, 15— 16
>koBTHS 2013 p.

JK.N. ITucanko

OnbIT coTpyaHuyecTsa YkpamHckoro LleHtpa UHWC ¢
MHWC Cekumet MATATE (1973 - 2013rr.)
MexayHaponHoe coBewianue “Posb MeXIyHapoa-
HO¥ cuctemsl sinepHoit nHbopmanuu (MHUC) B
UHGOPMAITMOHHOM MOICPKKE SIISPHOrO 00pa3oBa-

HUS ¥ OpraHu3alliy SJIepHO nHAyCcTpun”, MOCKBa,
Poccus, 22 — 24 oxts6ps, 2013 1.

V.S. Olkhovsky

About the similarity of particle and photon tunneling
and multiple internal reflections in 1-dimensional, 2-
dimensional and 3-dimensional photon tunneling

Materialy IX mezinarodni vedecko-prakticka confe-
rence “Zpravy vedecke ideje — 2013, Praha, Czech
Republic, 27 fijna — 05 listopadu 2013 roku

V.V. Kobychev

AMORE experiment to search for neutrinoless dou-
ble beta decay of molybdenum-100 with scintillating
bolometers

IEEE Nucl. Sci. Symposium, Seoul, Korea, October
27 — November 2, 2013

Atomic energy:

H.B. benomunkuii

MobunbHas nabopartopis KOMMEKCHOM oLeHKU U
NPOrHO3UPOBAHUS YPe3BLIHAMHBIX CUTYALIUA

MexayHapoIHas Hay9IHO-TIpaKTHIecKas KOHpepeH-
uus «Ipenynpexaenue. Cnacenue. [lomompy,
Xumkwu, Poccust, 28 mapta 2013 1.

0.0. Gritzay

INSTITUTE FOR NUCLEAR RESEARCH NASU


http://www.nndc.bnl.gov/nsr/fastsrch_act2.jsp?aname=V.T.Kupryashkin

THE TALKS

Ukrainian Nuclear Data Centre Progress Report,
2012/13

Texniuna napana MAI'ATE «Technical Meeting on
International Network of Nuclear Reaction Data
Centres (NRDC)», Binenp, ABctpist, 21 — 27 KBiTHA
2013 p.

C.I1. Azapos

OcobnueocTi Nobynoeu I ekcnnyaTauii cuctemu
MOHITOPUHIY HAGBKOMULIHBOTO CepeoBULLA 3a
Aonomororo mobinbHoi nabopatopii

Mixuapoaauit exooriaauid Gopym “JloBKITIIS 115
VYkpainn”, KuiB, Ykpaina, 23 — 25 xBitasg 2013 p.

10.B. JIutBuHOB

OuiHKa paAialiMHOro pUsUKy ANS HaceneHHa BiA
noxex B nicax, 3a6pyaHeHUX paaioHykniaamm
YopHOBUNBbCLKOrO NOXOAXeHHS
HayxoBo-nipakTryHa KOH(EpeHIis B paMKax
MDKHapOAHOTO GOPYMY «IOBKULISA YKpaiHuy,
«Pamioexonorisn-2013. YopaoOuinp-Dykycima.
Hacminkny», Kuie, Ykpaina, 26 — 27 kBitas, 2013 p.

C.I. Azapos

KomnnekcHUA eKonoriuHUA MOHITOpPUHT
HABKONMUILHLOTO CepeAoBULLA B perioHi 3a
Aonomororo mobinbHoi nabopatopii

XV MixHapoaHa HayKOBO-TIPaKTHYHA KOH(PEPEHITis
“Inei akagemika B.1. BepHancekoro ta mpobiaemu
CTaJIOro po3BHUTKY perioHiB ”, Kpemenuyk, 07 — 08
yepBHA 2013 p.

0.0. Gritzay
Analysis for filtered neutron transmission

Texniuna Hapana MAI'ATE «kEXFOR Compilation
Workshop», Bigens, ABctpist, 25 — 31 ceprHs
2013 p.

O. Gritzay

UKRNDC Activity on Nuclear Data Support o Meet
the Requirements Connected with Fundamental Sci-
ence and Applications

XII-a MixxnaponHa mkona-ceminap “The Actual
Problems of Microworld Physics», ['omens, Binopy-
cist, 22 mumas — 2 cepras 2013 p.

O. Diakov

Implementation of research reactor ageing man-
agement programme at KINR WWR-M reactor

Joint IGORR 2013 & IAEA Technical Meeting,
Daejeon, Korea, 13 — 18 October 2013

A.B. I'aBpuitok-bypaxosa
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CTaHOBNEHWe KyJIbTypbl (PU3UUECKOU SAepHOM
6esonacHocTu B YKpauHe

TpexcTopoHHUI cCeMUHAp MO YUYETY U KOHTPOJIIO
AEpHBIX MaTepHaIoB: Pe3yIbpTaTsl U IUIaHBI pa3BU-
THsi Poccuiickoil rocy1apcTBEHHON CHCTEMBI yUeTa
Y KOHTPOJIS siIepHOTo Marepuana, r. OGHuHCK, Ka-
nyckas ooin., Poccus, 12 — 15 Hosi6ps, 2013 .

Radiation physics
and radiation material science:

V. Revka

Radiation embrittlement of WWER-1000 RPV welds
at high neutron fluence: surveillance test experience
17-th meeting of the IGRDM (International Group

on Radiation Damage Mechanisms) — Embiez
Island, France, 19 — 24 May 2013

JL.I. Yupko
OxpynuueaHue matepuanos KP BBIP-1000 npu 3a-
MPOEKTHLIX (PSIHOEHCa HEUTPOHOB

8-1 MHTK "Oo0ecmieuenne o6e3omnacaoctu ADC ¢
BBOP", ITogonsck, Poccns, 21 — 24 mas 2013 r.

JLI. Yupko

PaavaumoHHoe oxpynumeaHue OCHOBHOIO meTassa
Kopnyca peaxTtopa 3Heprobnioka Ne2 3anopoxckoi
A3C

8-1 MHTK "Ob6ecneuenne 6e3omacroctit ADC ¢
BBOP", ITogonsck, Poccus, 21 — 24 mas 2013 1.

V.1. Sugakov

Control of the exciton condensed phase movement in
double quantum wells

International research and practice conference

"Nanotechnology and nanomaterials", Bukovel,
Ukraine, August 29 to September 1, 2013

V.V. Tomylko

Exciton density pattern formation in laser irradi-
ated quantum wells under electrodes of various
shapes

International research and practice conference

"Nanotechnology and nanomaterials", Bukovel,
Ukraine, August 29 — September 1, 2013

I. Fishchuk

Analytic Model of Hopping Transport in Organic
Semiconductors Including Both Energetic Disorder
and Polaronic Contributions
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15-th International Conference on Transport in
Interacting Disordered Systems, Sant Feliu de
Guixols, Barcelona, Spain, September 15, 2013

R. Frankov

Program modernization of container assembly with
the specimen VVER-1000

The Regional IAEA Workshop on Degradation of
Primary Components of Pressurized Water Cooled

Nuclear Power Plants, Vienna, Austria, November 4,
2013

O.Trygubenko

Evaluation of mechanical properties for heat af-
fected zone in WWER-1000 RPVs based on surveil-
lance test data

TM on "Degradation of primary system compo-
nents of water cooled nuclear power plants cur-
rent issue and future challenges”, Vienna, Aus-
tria, November 5 — 8, 2013

B.B. MuxaiinoBckuut

MN3meHeHUe CNeKTpa 3KCUTOHOB B HU3KOPA3MEepHBIX
CUCTeMax B MOSTYMArHUTHLIX NOJyNPOBOAHUKAX NOA,
AelicTBMeM saepHoro obnyveHus

IV MexayHnaponnas HayuHasi KoHGepeHuus: Hano-
pasmepHbIe cucteMbl: Ctpoenne, CBoiicTBa, TeXHO-
nmorun" Kuis, 19 — 22 mucronama 2013 p.

E. Anokhin

Silicon Planar structures as Detectors for Mi-
crobeam Radiation Therapy

9-th IEEE Nuclear Science Symposium and Medical
Imaging Conference, Seoul, Korea, October 27 —
November 2, 2013

Plasma physics:

Ya. Kolesnichenko
Geodesic acoustic mode and the structure of Alfvén
continuum in high-p plasmas with energetic ions

6-th IAEA TM "Theory of plasma instabilities",
Vienna, May 27 — 29, 2013

O.A. ®enopoBuy

CUCTEMBI MOHUTOPUHIa NPOPUNS U  MONoXeHUs
NYYKOB UOHU3UPYHOLLETrO U3yYeHUs Ha 6ase MM
14 MexmyHapoaHas HaydHO-TIpaKTHYecKas KoH(e-
penuusa «CUOT», Opecca, Ykpauna, 27 — 31 mas
2013

L. Litovko
Plasma lens for focusing intense negative charged
particle beams
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International Conference on Phenomena in Ionized
Gases ICPIG2013, Granada, Spain, July 14 — 19,
2013

O.A. ®enopoBuy

O BNUAHUU 3PPeKTa Hepeanusauuu yposHel ato-
MOB B MJIOTHOM NNasme WMMYJIbCHLIX paspsiaos B
BOAE Ha KO3(PPULIMEHTEI pacnaaa

XVI wmexayHapomHas HayyHas  KOH(EpeHIHUs
«®UPKC», HuxomaeB, Ykpanna, 19 — 22 aprycra
2013 .

O.A. ®enopoBuu

O BNWAHUM napameTpa HeuAeaslbHOCTU Ha Ko3g-
(PULIMEHTLI pacnaaa NIoTHOM NNasmbl

XVI wmexayHapomHas HayyHas  KOH(EpeHIHUs
«®UPKC», HuxomaeB, Ykpanna, 19 — 22 aprycra
2013 .

I1.J1 Crapunx
Pasgutue  TypbyneHTHOro  nepemewuBaHUsa B
WHULIMUPYEMBIX  B3PLIBGFOLUMMUCS  NPOBOSIOUKAMU

WMMYSbCHLIX paspafax B XUAKUX Cpeaax
MexnyHaponHas HaydHas KoH(pepeHius «Dus3uka
UMIYJIBCHBIX  pa3psfioB B  KOHIEHCHPOBAHHBIX
cpenax - XVI», HukomaeB, VYkpauna, 19 — 21
aBrycra 2013 .

I. Litovko

Plasma lens for manipulating large area high-current
electron beams

XII International Workshop “Plasma Electronics and
New Acceleration Methods”, Kharkiv, Ukraine,
August 26 — 30, 2013

S. Shinohara, T. Tanikawa, T. Hada, 1. Funaki,

H. Nishida, F. Otsuka, D. Kuwahara,
Characterization of High-Density Helicon Plasma
Sources and Application to Electrodeless Plasma
Thrusters

2013 Asia Pacific Radio Science Conf. (AP-
RASC2013), Taipei, China, September 3 — 7, 2013

Yu.V. Yakovenko

Effect of magnetic islands on the energetic ion
transport in tokamaks with magnetic shear reversal
13-th IAEA Technical Meeting on Energetic

Particles in Magnetic Confinement Systems, ,
Beijing, China 17-20 September 2013

V. M. Lashkin

Soliton and zonal flow generation in drift wave
turbulence

9-th Int.Conf. “Electronics and Applied Physics”,
Kiev, Ukraine, October 14 — 18, 2013

Ya. Kolesnichenko
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Selected results of collaboration between Kyiv In-
stitute for Nuclear Research (KINR) and Max-
Planck-Institut fir Plasmaphysik (IPP)".

Agreement for Co-operation between the European
Atomic Energy Community (Euratom) and the
Cabinet of Ministers of Ukraine in the field of
Controlled Nuclear Fusion. 2" meeting of the
Coordinating Committee (CC-2), Brussels, Belgium,
19 November 2013

Ya. Kolesnichenko

Selected results of collaboration between Kyiv
Institute for Nuclear Research (KINR) and US
institutions

Agreement for Co-operation between the European
Atomic Energy Community (Euratom) and the
Cabinet of Ministers of Ukraine in the field of
Controlled Nuclear Fusion. 2™ meeting of the
Coordinating Committee (CC-2), Brussels, Belgium,
November 19, 2013

O.A. ®enmopoBuy

O BNUGHUU HA KO3PEMUUUEHTHI pacnaaa nMoTHOW
MAa3MbI MOHU3ALUU, POTO-, U TPOUHOMU pexombu-
HaLUU Ha OCHOBHOE COCTOSIHWE aTOMa
Hayuno-koopaunarnmonnas Ceccus "HcciemoBanus
HeujeaabHOM mia3mel", Mocksa, Poccus, 3 — 4
nexaops 2013 r.

Radioecology and radiobiology:

O. Gaidar
Development of a Nuclear Forensics Library in
Ukraine

International conference on Nuclear Security:
Enhancing Global Efforts, Vienna, Austria, 1 — 5
July 2013

Yu. Lobach
Training on practical aspects of nuclear forensics
expertise

ITWG-18, Sankt-Petersburg, Russia, October § — 10,
2013

LIIL. Apo3n

Pospobka ¥ anpobaLlia MeTOAUKU OLIHKM
iHAMBIAYANbHOT PaAIOPe3UCTEHTHOCTI NHOAUHU
HaykoBo-nipakTidHa KOH(pEpEeHIlis B paMKax Mix-
HapoaHoro ¢opymy “Jloekimns Ykpainu”, Pamio-
exonoria-2013. Yoproouns-Dykycima. Hacmiakwy,
Kuis, Ykpaina, 25 — 27 xBitas 2013 p.

A/l Jluncoka
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TexHOreHHi paaioHyKniau B FPYHTOBO-POCAUHHUX
KOMMJieKcax 6nukHbOI 30HU BiavyxeHHa YAEC Ha
cyyacHomy etani

IX MixHapoaHa HayKOBO-TIpaKTHIHA KOH(DEpeHTIis
“Exosoriyna 6e3neka: mpoOJieMH 1 IIJISIXH BHPi-
meHHs, Anymra, Ykpaina, 9 — 13 Bepecns 2013 p.

H.B.Kynnu

MeTon 0AHOBpeMeHHOro U3MepeHUs aKTUBHOCTU
%°Sr 1 ¥Cs B 06bexTax oKpyxarolelt cpeast

IX MixkHapoiHa HayKOBO-TIPaKTHYHA KOH(EPEHITis
“Exonoriuna 0e3meka: mpoOIeMH i TUISIXA BHPI-
meHHs, Anymra, Ykpaina, 9 — 13 Bepecns 2013 p.

LIL.dpo3n

CTanuii po3BUTOK i TeXHOFeHHU BNIIUB Ha AOBKINNA
VII mixkHapoiHa HAYKOBO-NPAaKTHYHA KOH(pEPEeHIIis
«IIpobnemMu npupOIOKOPUCTYBAHHS, CTAJIOT0 PO3-
BHUTKY Ta TEXHOTCHHOI O€3MeKH perioHiBy, JHITIpo-
MeTPOBCHK, YKpaiHa, 08 — 11 sxoBtHa 2013 p.

LIL. dpo3n

[lo3oyTBOpeHHs y nabopaTopHUX LypiB 3a Nepopanb-
Horo HapxoaxeHHs *'T 3 61oKkyBaHHSM Ta 6e3 6110Ky-
BAHHA LWMTONOAIGHOI 3a103U CTAbiNbHUM MOAOM
MixxHapoTHa HAYKOBO-TIpaKTHYHa KOH(EPEHIIis
“Papiariiia 1 TEXHOI€HHO-€KOJI0T1YHa Oe3meKa
JIOJVHH 1 JOBKIJUISI: CTaH, MUIAXH 1 3aX0I1 TIOKpa-
meHHs ~, Snra, Ykpaina, 5 — 9 uepBHs 2013 p.

Al Jlunceka

OcobnueocTi mirpauil TeXHOreHHUX PaAUOHYKNiaiB
B MPYHTOBO-PACIIUHHUX KOMMIeKcax 61IMKHBOT 30HU
BiAYyxeHHs YAEC

MixHapoHa HAYKOBO-TIPAKTHIHA KOH(EPEHITist
“PapniariifHa i TEXHOT€HHO-EKOJIOTIUHA Oe3reKa
JIFOJIVHH 1 JOBKULISI: CTaH, MUISAXM 1 3aX0]IU TIOKpa-
meHHs ~, Snra, Ykpaina, 5 — 9 uepBus 2013 p.

E.A. CoBa

OueHKka A03 0651y4eHUs (POPMEHHBIX 311eMeHTOB
KpOBU YersioseKa in vivo npu BHyTpeHHem oaHOpaso-
BOM NOCTYMSIEHUU PAANOHYKNUAOB

MesxayHapogHas Hay4dHas KoH(epeHus «Paamna-
ML, DKOJIOTHS B TexHOchepa», bemapycs, 'omens,
26 — 27 cenrsiops 2013 .

H.B. Kynuu

MccnenosaHue BepTUKANIbHOW MUMPaLIMU PAAUOHYK-
JINA0B Ha 3arps3HEHHLIX TeppUTOpUaX

MexayHapoaHast Hay4Has KoHpepeHus «Paana-
1M1, 9KOJIOTHs M TexHochepa», bemapyce, ['omens,
26 — 27 cenrsops 2013 r.

M.B. XKXenToHoXKCKast
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MeToa opHospemeHHol cnekTpockonum *'Cs i 5

MexayHapoaHas Hay4Has KoHpepeHuus «Pagna-
1ML, 9KOJIOTHs 1 TexHochepa», bemapycs, ['omens,
26 — 27 centsiops 2013 r.

M.B. XKeatonoxckast

NccnenosaHve KOHLEHTPALUU paaUOHYKIMAOB BO
gparmeHTax JITCM us 4-ro sHeprobnoka YA3C

MexnayHnapomHas Hay9IHast KoHpepeHnus «Pamua-
s, 3KojIorHst U TexHochepa», benapycs, ['omers,
26 — 27 centa6ps 2013 r.

M.V. Zheltonozhskaya

New methods of measuring Sr-90 without radio-
chemical investigation in environmental samples
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LXII international conference «Nucleus 2013»,
Moscow, Russia, October 8 — 12, 2013

N.IL. dpo3n

Paspabotka metogonoruu npogpoTtbopa nepcoHana
Nno KpUTEpUIO UHAVUBUAYASIBHOM paANOYYBCTBUTE b-
HOCTU

VI MexayHapoiHas Hay9IHO-TIpaKTHIecKas KoHpe-
peHius “MeIuIMHCKUE U dKomoruueckue 3G dexTo
HOHM3UpYIoIIero u3nydeHus”, Poccuiickas ®ene-
parust, CeBepck-Tomck, 11 — 13 mapra 2013 1.
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CONFERENCES AND WORKSHOPS

The conferences and workshops, organized by the institute in 2013

The 3™ International Workshop on Radiopure Scintillators, September 17 - 20, 2013
Dedicated to the 70th anniversary of Prof. Yuri Zdesenko (1943-2004)

The 3™ International Workshop on Radiopure
Scintillators was held from September 17 to
September 20 in Kyiv, Ukraine at the Institute for
Nuclear Research. This meeting was dedicated to
70™ anniversary of Prof. Yuri Zdesenko (1943-
2004). The idea of workshop was to bring together

physicists, chemists, scintillator experts and
producers to discuss different aspects of radiopure
scintillator ~ developments, measurements and
applications.

The workshop program included the following
topics:

-radiopure  scintillators in  nuclear and
astroparticle physics;

-requirements of low-count rate experiments
regarding radiopurity and scintillation properties;

-radioactive  contamination of scintillation
materials;

-selection and screening of input materials;

-instruments and methods to test radioactive
contamination of materials and scintillators;

-purification of materials and preparation of raw
compounds;

-crystal growing, annealing and handling;

-test of scintillators including scintillation,
optical, luminescence, low-background and low-

temperature measurements;

-search for and development of new scintillating
materials.

During the workshop the 22 plenary reports and
9 poster reports were presented. The detailed
information on the workshop is available on the

webpage http://Ipd.kinr.kiev.ua/rps13/ .

Plenary reports:

R. Bernabei. Crystal scintillators for low
background measurements.

H.J. Kim et al. CaMoO, crystal scintillator based
0OvBp experiment: AMoRE .

P. Belli et al. Search for rare processes with
ZnWO, crystal scintillators .

V. Lozza et al. Neutrinoless double beta decay
search with SNO+

V.I. Tretyak et al. First results of the experiment

to search for double beta decay of '"°Cd with

ANNUAL REPORT -2013

106cdwo, crystal scintillator in coincidence with
four crystals HPGe detector

D.V. Poda et al. Search for 2 decay of ''°Cd
with the help of enriched ''"°CdWO, crystal scin-
tillators

V.V. Kobychev et al. Expected backgrounds in
AMOoRE experiment

D.A. Spassky et al. Influence of traps on the
luminescent and scintillation properties of molyb-
dates

N. Coron et al. Response of parylene-coated
Nal(Tl) scintillators at low temperature

O.A. Busanov et al. Low-background setup for
measurement of the intrinsic background of
CaMoQy scintillation crystals

V. Mikhailik et al. Monte-Carlo simulation of
light collection efficiency of scintillation detectors
using ZEMAX

M. Uffinger et al. Temperature dependent light
output of scintillating crystals

V.I. Tretyak. Semi-empirical calculation of
quenching factors for scintillators: new results

L. Pattavina. Lithium-containing scintillating
bolometers for low background physics

I. Dafinei et al. Search for scintillating crystals
for rare events physics application

R. Belhoucif et al. Growth and spectroscopic
properties of °Li- and '’B-enriched crystals for heat-
scintillation cryogenic bolometers used in the rare
events searches

V.N. Shlegel et al. Purification of molybdenum
oxide and growth of medium size zinc molybdate
crystals for the LUMINEU program

V. Kornoukhov et al. Production and deep
purification of isotopically- enriched materials for
“Ca'®Mo0, crystal growing

S. Galkin. Synthesis of ZnSe charge and growing
methods of ZnSe single crystals

M. von Sivers et al. Scintillating CaWO, single
crystals for CRESST-II and EURECA

O.A. Busanov et al. Background radioactivity of
construction raw materials, raw substance and ready-
made CaMoQy crystals

I. Tupitsyna et al. Zn,Mg, WO, - A new crystal
scintillator
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Ukrainian conference on plasma physics and controlled fusion,
September 24 - 25, 2013.

Ukrainian conference on plasma physics and con-
trolled fusion was held from September 24 to Sep-
tember 25 in Kyiv, Ukraine at the Institute for Nu-
clear Research with the support Bogolyubov Insti-
tute of theoretical physics of NASU (BITP). The
purpose of this conference is to summarize the re-
sults of studies in Ukraine in plasma physics and
controlled fusion per year, as well as coordination of
research. The conference was extended series of
conferences initiated in Kyiv [Institute for Nuclear
Research (KINR), 1992], and continued in Kharkiv,
Kyiv and Alushta on the base of NSC «Kharkiv
Institute of Physics and Technology» (KIPT) and
KINR with the support of BITP. Programming
committee and local organizing committee was
headed by Prof. Ya.l. Kolesnichenko.

At the conference 83 reports were presented. At
four sections 25 oral presentations were delivered.
The remaining 58 report were presented at the poster
session. The complete information on the conference
is available at the webpage

http://www kinr.kiev.ua/UCPPCF/2013.html .

Plenary reports:

1 Yu. V. Yakovenko. Physics of thermonuclear

plasma (on the base of IAEA conference,
Beijin, Chine, September17-20 2013.)

2 A.A.Kasilov. Characteristics of periferal plasma
in torsatron URAGAN-3M

3 Ya.l. Kolesnichenko. Can stochastisity of field
lines be responsible for sawtooth crashes in
tokamaks?

4 0.V.Lozin. HF-heating with three-halfturn an-
tenna in URAGAN-3M

5 V.O. Yavorskij. Convective and diffusive of fast
ions from toroidal plasma

6  L.M. Pankratov. Analysis of synchroton
radiation of escaping electrons in tokamaks

7  L.M. Onischenko. Perspectives to design colli-
ders based on the novel methods of acceleration
for high energy physics

8  A.G. Zagorodny Kinetic description of dusty
plasmas and effective grain potentials

9  M.O. Azarenkov. Eigenmodes in tube coaxial

plasma-metal wave structures with azimuthal

magnetic field

S.V. Ivko. Energetic characteristics of

electromagnetic wave in layered plasma

structure

10
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11 M.IL Grishanov .Mechanisms of wave absorption
in laboratory collisionless magnetospheric
plasma

12 V.V. Kulish. Cerenkov radiation of

13 electromagnetic wave by charged paritcles in

magnetized plasma

Yu.V. Kovtun. Study of oscillation along the

magnetic field in the pulsed reflex discharge

I.Ye. Garkusha. Annual 2013 results from

stellarators URAGAN.

D.G. Solyakov. Generation of power plasma

flows in quasistationary plasmadynamical

system

16.V.O. Makhlaj. Drop-grain mechanism of

tungsten disruption under plasma influence

condition simulating ITER ELM

V.F. Virko. Inductive discharge created by

linear wire array

V.A. Zhovtyansky. Peculiarities of solution of

energy balance equation for electric arc

V.Ya. Chernyak. Discharge between two solid

electrodes in mixture of inert gas with liquid

spray

0.1. Kelnyk. Kinetics of electrons in

microplasma discharge in dielectric PDP cell

with additional electron source

R.Yu. Chaplyskyi. Space distribution of

radiative intesity of continuum for plasma of

capacitive HF-discharge at atmospheric pressure

0.V. Alexeenko. Designing of HF ion sources in

the Institute of applied physics of NASU

A.G. Borysenko. Nonself-sustained vacuum arc

discharge as a sourse of non-drop plasma flows

A .M. Veklych. Physical properties of thermal

multicomponent plasma with metal vapors

[.O. Misruk. Plasma nitriding of medical

implants

14

16
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18
19

20

21
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23
24
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The reports by the members of INR NASU:

V.S. Marchenko. Dumping of Alfvén cascades under
heating by electron cyclotron resonance

Yu. V. Yakovenko. Effect of magnetic islands on
the energetic ion transport in tokamaks

M. H. Tyshchenko. Investigation of stochastization
of fast ion motion by high-frequency plasma insta-
bilities and spatial energy channelling in the ITER
reactor

B.S. Lepyavko. Equations for heodesic acustic mode
in tokamaks with high plasma pressure and energetic
ions
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O.S. Burdo. Investigation of stochastization of parti-
cle motion in tokamaks with screw excitation of
magnetic field

V.Ya. Goloborod'ko. Influence of ion injected dis-
tribution function on the behaviour TAE modes in
tokamak-reactors

O.P. Fesenyuk. Influence of ellipticity of plasma
cross section on the frequency of both geodesic
acoustic mode and Alfvén acoustic mode

A.V. Tykhyy. Stochastic diffusion of energetic ions
in configurations liked Wendelstein

V.M. Pavlenko. Radiative processes in magnetized
plasma with ion temperature anizotropy

V.M. Pavlenko. Transformation of Langmuir waves
in turbulent plasma in the presence of upper — hybrid
pump

V.B. Taranov. Physical results due to the symmetry
of non-relativistic and partialy non-relativistic
plasma

M.A. Beloshenko. Non-linear mechanisms of accel-
eration of helicon plasma in rotating fields

V.M. Slobodyan. The control of characteristics of
helicon discharge in system with planar antenna by
potentials of metal electrodes

V.M. Slobodyan .The study of characteristics of
helicon discharge in the medium of methane and it’s
mixtures with hydrogen

P.V. Porytsky. Turbulent transport processes in
plasma of pulse discharge in water

P.V. Porytsky. Transport properties of air and vapor
plasma with electrode material admixtures

L.V. Litovko. Plasma lens for large area electron
beams manipulating

V.V. Gladkovskiy. About the influence of HF-
discharge characteristics on heating temperature of
the substrate at synthesis of diamond-like films
L.M. Voitenko. Peculiarities of characteristics of
dense plasma of pulse discharge under relaxation
stage

11™ Ukrainian Conference on physical protection, control and accounting of
nuclear material, Netishyn, September 10-12 2013

The 11" Ukrainian Conference on physical pro-
tection, control and accounting of nuclear material,
was held on September 10-12, 2013, in Netishyn,
Ukraine at the Khmelnitska Nuclear Power Plant.
The conference was organized by the George Kuz-
mycz Training Center on physical protection, con-
trol and accounting of nuclear materials (GKTC) of
Insitute for Nuclear Research and the management
and experts of Khmelnitska NPP with the sponsor's
support of the European Commission and Swedish
Radiation Safety Authority, and with the support of
the Ministry of Power and Coal Industry of Ukraine
and NAEC ”Energoatom”.

The objective of the 11th Ukrainian MPC&A
Conference was to promote the experience exchange
between specialists in the MPC&A field.< The con-
ference covered the following topics:

e Matching of the activity in MPC&A field with
the requirements of normative-legislative acts

e Problems of the vulnerability assessment taking
for Ukrainian nuclear facilities

e Problems of the advanced training of MPC&A
specialists

e Ensuring of the interaction of PP and MC&A
systems

e -Experience of the application of nuclear security
culture at the facilities

e Programs and techniques of the NM measure-
ment system and improvement of NM accounting
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e -Taking of functional tests for the engineering-
technical means of PP systems

Complete information about the conference is
available on the webpage

http://www.mpca.kiev.ua/confer.htm

The 49 experts from Belarus, Sweden, Ukraine,
EU and IAEA took part in the conference. At the
conference 27 plenary reports were presented:

A.V. Boyko. Experience, establishment, im-
provement and retooling of system of physical pro-
tection at Khmelnitska NPP

O.M. Onishchenko. Status and Prospects of
physical protection in Ukraine

S.D. Lopatin. Compliance with regulatory and le-
gal acts and accounting control of nuclear materials
V.A. Kiriyachenko. System of training in physical
protection, accounting and control of nuclear mate-
rials in SNUNEP for atomic energetics in Ukraine

V.A. Kiriyachenko, A.N. Frolova. System of
training for students in SNUNEP
A.R. Fatakhov. Requirements of normative docu-
ments physical protection, accounting and control of
nuclear materials in training for SSP ChNPP
V.1. Kirischuk. On professional control and
accounting nuclear materials in Ukraine
A.S. Tekhova. State of training of specialists on
accounting and control of nuclear materials in OP
ZNPP: Problems and implementation
V.I. Gavryliuk, A.V. Gavryliuk-Burakova, S.S Dra-
pey, O.0. Levina, V.V. Parkhomenko, D.V. Pro-
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skurin, O.P. Romanova. Training ground engine-
ering and technical facilities of the system of
physical protection

O.V. Makarenko, oM. Korobenko.
Vulnerability assessment, technical re-equipment
SPT, counteraction to nuclear terroristic acts

1.O. Artukh. Problems of vulnerability assess-
ment of nuclear plant in Ukraine
A.V. Artushkin. Problems of vulnerability assess-
ment of nuclear plants in Ukraine

R.I. Zaporozhets. Experience OP KhNPP on the
interplant transportation of fresh nuclear fuel in
2012

N.G. Kuznetsov. Personnel training on detection
of radioactive (nuclear) materials at the state border
of Ukraine.

G.O. Shatokhin. Practical experience of the
interaction of subdivision physical protection of
KhNPP with subdivision of sequrity of m/d 3043
while ensuring physical protection KhNPP

V. Omelyanov. Execution of IAEA warranties
in Rivne NPP

D.A. Rusetskiy, A.A. Povorotnyi. Modernization
of physical protection of nuclear objects in the Insti-
tute
V.I. Gavryliuk, A.V. Gavryliuk-Burakova, S.S Dra-
pey, O.0. Levina, V.V. Parkhomenko, D.V. Prosku-
rin, O.P. Romanova .A culture of security of nuclear
plant in Ukraine

V.P. Paschenko. Creating of information system
for monitoring of physical protection of nuclear
materials and the sources of ionizing radiation under
transportation and on the objects

Yu.P. Soltis. Formation and maintenance of
security culture on nuclear plant

P.V. Tsykalchuk. Experience of establishing and
implementing of nuclear security culture at Khmel-
nitska NPP

V.V. Solovyov. Approach to nuclear materials
control and accounting at Chernobyl NPP

D.V. Stukalov. Nuclear fuel as accounting unit of
nuclear materials

L.O. Polyakova, Ye.G. Borovik. Accounting and
control system of nuclear materials in nuclear fuel
production plant. Prospects and Problems

S.A. Koblitskiy. Functional inspections of
technical means of physical protection system,
which are putted into operation to subdivisions of
internal forces of the MIA of Ukraine

M.I.  Vershinin. Functional inspections of
technical means of physical protection systems

A.V. Gaevskiy. Integrated solutions on the radia-
tion safety

A.L. Tkachuk. Experience of JSV «Yugo-Zapad»
in the construction systems of extended perimeter
A.N. Krivoshey Control system and access control
“FORTNET”. The challenge of ensuring of physical
protection on the strategic objects with the systems
based on the integrated complex «INTELLECT -
FORTNET».

T. Tsytulya.
«ECOTEST»

S.V. Baranovskiy, A.Yu. Polyakov. Interactive
control system of physical protection on the object

Radiative control in TM

The annual scientific conference of INR NASU, January 27 -31, 2014.

The annual scientific conferences of INR
NASU was organized in order to summarize the
scientific results obtained during last year. The
conference was held on January 27-31, 2014. The
reports at the conference presented the main
achievements of the Institute on:

Nuclear physics.

Atomic energy.

Radiation physics and radiation material sci-
ence .

Theory of nuclear fusion and plasma physics.

Radioecology and radiobiology.

In the conference took part the participants
from other scientific institutions of Ukraine.

At the conference there was a plenary session
with 30 min. report and parallel sessions with the
original message (10-15 min.). In addition, some
research papers were presented at the poster

160

session. Complete information on the conference
is available at the webpage
http://www kinr.kiev.ua/kinr-2014

The talks at plenary session:

V.M. Kolomiets Metastable state and boiling
of liquid *He.

.M. Vyshnevskyi, V.I. Slisenko Research nu-
clear reactor WWR-M. Current status and pros-
pects

Ya.l. Kolesnichenko. European Roadmap to
thermonuclear energetics and cooperation
between Ukraine - EU

I. Yu. Goliney. Localized plasmons and ampli-
fication of kinetic processes in condensed media.
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INTERNATIONAL SCIENTIFIC COLLABORATION

Within the year 2013 the Institute for Nuclear
Research maintained the scientific cooperation with
a number of nuclear scientific centers abroad,
namely, with the :

e National Institute for Nuclear Physics (INFN),
Italy;

e Gran-Sasso National Laboratory, Italy;

e University of Florence, Italy;

e Milano University, Italy;

e Henryk Niewodniczanski Institute for Nuclear
Physics, Krakow, Poland;

e Andrzej Zoltan Institute for Nuclear Studies,
Warsaw, Poland;

e Deutsche Synchrotron (DESY), Hamburg, FR
Germany

e FEuropean Organization for Nuclear Research
(CERN), Geneva, Switzerland,

e International Atomic Energy Agency, (IAEA),
Vienna, Austria;

e Culham Center for Fusion Energy Abingdon,
United Kingdom;

e Innsbruck University, Innsbruck, Austria;

e Gesellschaft fiir Schwerionen Forschung (GSI),
Darmstadt, FR Germany;

e National University of Seoul, South Korea;

e US Ministry of Energy;

o Institute for Reference Materials and Measure-
ments of the Joint Research Centre of the European
Commission, Geel, Belgium;

e Joint Institute for Nuclear Research, Dubna,
Russia;

o Institute of Nuclear Physics of Uzbekistan,
Tashkent, Uzbekistan;

e Institute of Power Plant Engineering, Obninsk,
Russia;

e National Nuclear Center of Republic Kazakh-
stan, Alma-Ata, Kazakhstan;

o Institute for Nuclear Research of Russian Acad-
emy of Sciences, Moscow, Russia.

Within this year the lepton physics department
continued the successful international collaboration.

1. Within the collaboration with the group
DAMA, Universities La Sapience and Tor Vergata,
Rome, and the corresponding section of National
Institute for Nuclear Physics, National Laboratory
Gran-Sasso, Italy, the investigations of double beta-
decay, rare alpha- and beta-decays, the search for
hypothetical processes and particles, the develop-
ment of low background detectors for studies of the
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rare nuclear processes were carried out, see also
http://people.roma?2.infn.it/~dama/web/members.html.

2. Within the SuperNEMO project (France, Great
Britain, USA, Russia, Spain, Japan, Czech Republic,
Finland, Ukraine, Poland, Slovakia) http://nemo.
in2p3.fr/collaboration/) in 2013 the large scale ex-
periment to search for neutrino-less double beta-
decay of ®Se with the sensitivity to the neutrino
mass on the level of 0.05-0.1 eV was in preparation.

In particular, the detector BiPo for the high sensi-
tivity analysis of radioactive Selenium foils and the
calorimeter for future experiment has been devel-
oped.

3. The scientists of the department are active par-
ticipators of the AMORE collaboration (Korean Re-
public, Russia, Ukraine, China, FR Germany),
http://q2¢.snu.ac.kr/DBD/), aimed to prepare a
large-scale experiment to search for neutrino-less
double beta-decay of 'Mo with the help of cryo-
genic scintillating bolometers based on calcium mo-
lybdate crystal scintillators.

4. Within the collaboration EURECA (Great
Britain, FR Germany, France, Switzerland, Russia,
Ukraine, Spain), http://www.eureca.ox.ac.uk/, the
scientists of the department investigate the possibil-
ity of using in the experiment the scintillator crys-
tals. In particular, in 2013 the final design of low-
background, multy-cristal, low-temperature detector
was developed and accepted.

5. Investigations of solar and geo-neutrino were
carried out in the frame of the Borexino collabora-
tion by using a large scale liquid scintillation detec-
tor operated in the Gran-Sasso National Laboratory
(Ttaly). A new neutrino oscillation experiment SOX
(Short distance neutrino Oscillations with BoreXino)
was proposed in 2013 by the Borexino collaboration.

6. Beginning from 2012 the department partici-
pate in the LUMINEU project (Expérience
souterraine avec détecteurs luminescents de
molybdate de zinc pour I’étude de la masse et la
nature des neutrinos) supported by the Agence
Nationale de la Recherche of France. The aim of the
project is research and development of cryogenic
scintillating bolometers based on zinc molybdate
crystal scintillators to search for neutrinoless double
beta decay on ambiguous level of sensitivity to the
effective Majorana neutrino mass corresponding to
the normal hierarchy of the neutrino mass (~ 0.02
eV).

In 2013 the department of high energy physics
continued the international collaboration within the
Memorandum between the Institute for Nuclear Re-
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search, Kiev, and collaboration LHCb (CERN, Ge-
neva, Switzerland) on mutual understanding con-
cerning technical maintenance and exploitation of
detector LHCb. From the analysis of the data ob-
tained in the proton-proton collisions at energy 7 and
8 TeV in LHCb experiment (LHC, CERN) the fre-
quencies of oscillations of B-mesons with different
quark structure were obtained. These frequencies
characterize the unique physical phenomenon of
mixing of particles and anti-particles, due to their
mass difference by the evolution of matter and anti-
matter. In particular, it was found that in the decays
of B-mesons with light quarks the mixing frequency
Amyg is equal to Amy = 0.5156 = 0.0051 £ 0.0033 ps’
' and in decays of B-mesons with heavier strange
quarks the mixing frequency is 34 times larger, Am;
=17.768 + 0.023 £ 0.006 ps™

The scientists of the department carried out the
modernization of the system of radiational monitor-
ing of internal tracker in experiment LHCb. They
have developed the prototype of detector module for
the monitoring of neutron fluxes with using micro-
pixel detector TimePix (in collaboration with
MEDIPIX, CERN).

During this year within the agreement on scien-
tific collaboration between GSI, Darmstadt, FRG
and INR NASU on the physics of elementary parti-
cles and experimental technique the development of
elements of the Silicon tracking system for the ex-
periment CBM (FAIR, GSI, Darmstadt) was contin-
ued. The prototype of the cooling system for the de-
tector module of micro-strip detectors was created.

It was found out that the measured transitional,
strip-to-strip and total capacities of the double-sided
Silicon sensors and their response to the relativistic
charged particles in test experiments are in agree-
ment with the modeled technical characteristics.

In 2013 the nuclear theory department continued
collaboration with the:

e Cyclotron Laboratory of McMaster and Texas
University, College Station, Texas, USA;

e National Institute for Nuclear Physics, Univer-
sity of Florence, Italy;

e Oxford University, Oxford, Great Britain,

e Uniwersytet Marii Curie-Sklodowskiej, Lublin,
Poland;

e Institute for Nuclear Studies, Warsaw, Poland;

e Tokyo Institute of Technology, Tokyo, Japan.

In the result of common work with the Institute
for Nuclear Studies (Swierk, Poland) and Technical
Munich University (Munich, FRG) the analytical
expression for the constant of the surface symmetry
energy of heavy atomic nuclei in leptodermous ap-
proximation were derived. The known experimen-
tally structural effects of the strength function of iso-
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vector dipole resonances were explained within the
Landau Fermi-liquid model.

In collaboration with K. Pomorski (Uniwersytet
Marii Curie-Sklodowskiej, Lublin, Poland) and
N. Carjan (Bordeaux University, Bordeaux, France).
The formal definition of the scission point — the
maximal elongation at which the nucleus brakes into
two pieses — was given. Within the macroscopic-
microscopic model the shape and the deformation
enerhy of nucleus U at the scission point were
calculated. Three minima in the deformation energy
corresponding to standard, super-short and super-
long fission modes were found.

In the year 2013 the nuclear reactions department
continued successful collaboration with Flerow
Laboratory for Nuclear Reactions, JINR, Russia.
Within this collaboration the investigations of the
properties of light nuclei with neutron or proton ex-
cess in reactions with the secondary radioactive
beams were carried out on the mass-separator
COMBAS. The investigation of the fragmentation
process of ions *Ne and *’Ar for the production of
secondary beams of radioactive nuclei '®Ne and **Cl
were continued.

The nuclear reaction department has started the
collaboration with the Kurchatov Atomic Energy
Institute, Moscow, Russia. The common investiga-
tions of elastic and inelastic rainbow scattering of
alpha-particles on *Be and deuterons on '“C aiming
at the studies of peculiarities of rainbow effects in
the excitation of weekly bound and unbound states
of nuclei were initiated.

The heavy ions physics department continued the
collaboration with the Kurchatov Atomic Energy
Institute, Moscow, Russia and JINR Dubna, Russia.
A number of experiments were carried out also e
Cyclotron laboratory of A. Zoltan Institute for Nu-
clear Studies, Swierk, together with co-workers of
the Heavy ion laboratory of Warsaw University, Po-
land. The common experiments and the analysis of
experimental data on the nuclear reactions were also
carried out at H. Niewodniczanski Institute for Nu-
clear Physics, Cracow, Poland.

The scientists of department of theoretical phys-
ics collaborate with the Lebedev Institute of Physics,
Moscow, Russia, Pretoria University, South Africa,
Bayreuth University, Germany, Johannes Kepler
University, Linz, Austria, CEA/DAM ile de France,
Bruay la Shatel, France, Center for Medical Radia-
tion Physics, Wollongong University, Australia.

In the year 2013 the investigations on the com-
mon project by the State foundation of the funda-
mental investigations of Ukraine and the Russian
foundation of the fundamental investigations “Col-
lective phenomena and the space self-organization in
the system of di-polar excitons in quasi-two-
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dimensional Silicon-Germanium getero-structures
were continued”.

In collaboration with P. Selishchev (Pretoria
University, South Africa) the calculations of the
metal creep and the auto-vibrations of temperature
due to nuclear irradiation were carried out.

Together with the scientists of Center for Medi-
cal Radiation Physics (Wollongong University) the
modeling of the properties of various Silicone detec-
tors were investigated for the application in radiation
medicine.

Together with the Institute of Semiconductors,
Institute of Solid State Physics (Linz University,
Austria) the theoretical and experimental investiga-
tion of the jump transport in non-ordered organic
semiconductors at arbitrary concentration of the
charge carrier was continued (H. Sitter, I.I. Fish-
chuk). Together with the co-workers of CEA/DAM
ile de France (Bruay la Shatel) A. Ya. Dzyublik has
continued the investigations on the Coulomb excita-
tions of nuclei by electrons in hot plasma.

The fusion theory department continued in 2013
the scientific collaboration with Innsbruck Univer-
sity, Austria, (Profs. K. Schoepf, M. Khan, T. Hass-
ner) and Kalem Center of Thermonuclear Synthesis
(JET Great Britain). The investigations on the prob-
lem of maintaining of charged particles of nuclear
synthesis in tokamaks were carried out together with
the scientists from the Colorado Mountain School,
Colorado, USA.

The department of research reactor successfully
continued the collaboration with the National Nu-
clear Safety Administration (United States Depart-
ment of Energy) aimed at the improvement of the
safety of nuclear research reactors and developing of
new type of reactors. During 2013 nine experts on
the nuclear security from USA and IAEA visited
KINR NASU. The department took part in the or-
ganization of technical meeting on the program of
returning of used Russian nuclear fuel from the re-
search reactors, Sevastopol, June 12 — 14, 2013.

The radiobiology and radioecology department
has established the collaboration with Institute of
Biophysics of the Academy of Sciences of Russian
Federation (Siberian branch). Within this collabora-
tion the project “Estimation of the migration proper-
ties of transuranium elements in hydro ecological
systems of rivers Enisej and Pripiat (Chernobyl
zone, Ukraine)” was prepared and submitted for the
common concurs of projects on fundamental re-
searches of Siberian branch of Academy of Sciences
of Russian Federation and National Academy of
Sciences of Ukraine.

The Center for Ecological Problems of Atomic
Energy (CEPAE) carries out a number of research
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projects together with the nuclear centers of other
countries and international organizations.

In collaboration with the Institute of Applied
Physics NASU, Institute of Geophysics of Environ-
ment NASU, Kharkov Physical-Technical Institute
NASU, Livermore National Laboratory (USA) the
attributive features of uranium-containing materials
of different origin are investigated for the improve-
ment of technical abilities of Ukrainian specialists in
the field of nuclear criminality. In this activity par-
ticipated also the partners from Georgia, Azerbaijan
and Moldova.

In collaboration with Russia, Moldova, Georgia,
Kazakhstan, Institute of Transuranium Elements
(European Commission) the CEPAE implements
effective efforts to prevent illegal displacement of
nuclear and radioactive materials in Ukraine. In
2013 the CEPAE got the mobile expertise laboratory
equipped by the modern radio-metric, dose-metric,
alpha- and gamma- dosimetric equipment, automatic
system of the air pumping for the determination of
the contamination of the air by radioactive aerosols,
systems of analysis of water and soil. The labora-
tory is completely autonomic what allows carrying
out radiologic measurements in the fields conditions.

The CEPAE plans different seminars and the
training courses for the organizations dealing with
counteracting to illegal displacement of the radioac-
tive materials in Ukraine and the states of former
Soviet Union.

The George Kuzmycz Training Center (GKTC)
for Physical Protection, Control and Accounting of
Nuclear Material, http://www.mpca.kiev.ua/, contin-
ued its activity according to agreement for develop-
ment of Ukraine’s national nuclear material control,
accounting and physical protection system aimed to
promote the prevention of proliferation of nuclear
weapons from Ukraine signed on 18 December 1993
by the State Committee of Ukraine for Nuclear Ra-
diation Safety and the US Department of Defense.

In 2013 Training Center for Physical Protection,
Control and Accounting of Nuclear Material kept
implementing the tasks set to the Center by decision-
making authorities of Ukraine. Thus in accordance
with the President’s Decree dated Feb 02, 2013, Ne
73/2013 “On National Plan of realization of deci-
sions of the Seoul Summit for Nuclear Security for
2013 — 2014” Training Center has developed 2 nor-
mative documents on security culture, namely:

“Procedure for Forming and Development of Se-
curity Culture at Nuclear Facilities and Objects As-
sociated with Radioactive Waste Handling, Other
Sources of Ionizing Radiation”, registered in the
Ministry of Justice of Ukraine, dated September 6,
2013, Ne 1543/24075;
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“Instruction on Conducting Assessment of Secu-
rity Culture Level of Nuclear Facilities, Objects As-
sociated with Handling of Radioactive Waste, Other
Sources of lonizing Radiation”, registered in the
Ministry of Justice of Ukraine, dated September 6,
2013, Ne 1543/24076.

Training Center continues working at Training
Complex for Engineering and Technical means of
Physical Protection System, which has been estab-
lished in accordance with the President’s Decree
dated November 15, 2010, Ne 1035/2010 “On Na-
tional Plan of realization of decisions of the Wash-
ington Summit for Nuclear Security for 2010 —
2012”. The Training Complex is equipped with
modern engineering and technical means of physical
protection system. During this year the Site of Train-
ing Complex has been widely used for practical
training on physical protection and for drills of spe-
cial sub-units of response forces.

In addition to that Training Center has developed
training programs and training materials and con-
ducted training courses on the following topics:

“Nuclear Security Culture Training Course for
Top-Level Managers” (the Course was conducted on
May 21 — 22, 2013);

Nuclear Security Culture Training Course for
Heads of Guard Units” (the Course was conducted
on June, 10 — 12, 2013);

Nuclear Security Culture Training Course for
Mid-Level Managers” (the Course was conducted on
August 12 — 16, 2013);

Nuclear Security Culture Training Course for
Nuclear Security Culture Coordinators” (the Course
was conducted on September 2 — 6, 2013);

In 2013 The GKTC organized 11th Ukrainian
Conference on Control and Accounting of Nuclear
Material (MPC&A), September 10-12, Neteshin
(Khmelnytska NPP). The 11th Ukrainian MPC&A
Conference was dedicated to the questions of inter-
action of physical protection systems and MC&A
systems at the nuclear facilities of Ukraine. The ob-
jective of the MPC&A Conference was to promote
the experience exchange between specialists in the
MPC&A field

Under the aegis of the IAEA George Kuzmycz
Training Center has conducted Technical Meeting
on the issues of cooperation with the IAEA for the
future years and two National Training Courses:

1) On Coordination of MEST/FLO (experts/first
line officers) work with Sources of lonizing
Radiation, August 12 -16 2013;

2) Real-time exercise of illicit trafficking inci-
dents prevention, December 10 -13, 2013.
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In the year 2013 the Ukrainian center of Interna-
tional Nuclear Information System (INIS) continued
its activity. The INIS accumulate the information on
the research in nuclear physics published more that
in 13 000 scientific journals all over the world. The
information on 1945 research works related to nu-
clear physics (nuclear theory and experiments, the
physics of elementary particles, plasma physics, ma-
terial science, nuclear reactors, ecology, influence of
radiation on humans, animals and biologic materi-
als) which were published in Ukraine in 2013 was
sent to [AEA for the incorporation into the database
of INIS. On the request of co-workers of KINR
NASU and other institutions the various information
was subtracted from the database of INIS. On the
request of scientists from many countries the
Ukrainian center of INIS supplied them by the full
text of publications of Ukrainian scientists.

The KINR NASU maintains the exchange by in-
formation with the Physics Section, Division of
Physical and Chemical Sciences of TAEA. Within
this exchange the Ukrainian Nuclear Data Center
has compiled in format EXFOR the experimental
data on the interaction of atomic nuclei with neu-
trons, charged particles and photons obtained by
Ukrainian scientists and published in Ukrainian and
international journals for incorporation in the inter-
national
data base of experimental results CSISRS/EXFOR.

On September 17 — 20 the 3™ International work-
shop on Radiopure Scintillators was held in Kyiv,
Ukraine at the Institute for Nuclear Research. This
meeting was dedicated to 70" anniversary of Prof.
Yuri Zdesenko (1943-2004). The idea of workshop
was to bring together physicists, chemists, scintilla-
tor experts and producers to discuss different aspects
of radiopure scintillator developments, measure-
ments and applications.

In 2013 the INR NASU was in contact with
IAEA on current problems. Besides, experts from
IAEA visited institute regularly for current inspec-
tion of the research reactor WWR-M, for inspection
of condition of keeping the used nuclear fuel, for
providing the informational help on safe exploitation
of the research reactor. In 2013 four official delega-
tions from [AEA (experts and inspectors) visited
INR NASU.

In 2013 53 scientists from the counties of former
Soviet Union visited INR NASU for taking part in
seminars and workshops. The co-workers of the in-
stitute have undertaken 116 visits abroad, 52 for
common scientific work, 22 for the work on proba-
tion, 41 for the participation in international confer-
ences, symposia, workshops.
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70th anniversary of Prof. Yuri Zdesenko

Yuri Georgievich Zdesenko was born on Octo-
ber 6, 1943 in Dmytrivka of Chernigov region of
Ukraine. In 1970 he was graduated from Depart-
ment of Physics of the Kyiv State University. He
obtained degrees of Philosophy Doctor in 1981
(INR, Moscow, Russia), Doctor of Science in
1990 (INR, Kyiv, Ukraine) and status of Full Pro-
fessor in 2000 (INR, Kyiv, Ukraine). Because of
high scientific achievements, he was elected a
Corresponding Member of the National Academy
of Sciences of Ukraine in 2003. He started re-
searches in the Laboratory of Nuclear Physics of
the Kyiv State University (1970-1971) and in the
Institute of Geochemistry and Physics of Minerals
(1971-1980) where he dealt with neutron activa-
tion analysis of minerals and built up the low
background set up for radiocarbon measurements.
In the following he created in the Institute for Nu-
clear Research (Kyiv) the Laboratory for Low
Background Measurements (1980-1986), where, in
particular, low background installations with plas-
tic scintillators to study 2 decays of *°Te, 'Mo
and *°Zr were developed. The Laboratory was
transformed in further to the Lepton Physics De-
partment of the INR (1986). From 1983 the huge
work has been fulfilled by Yuri Zdesenko and his
group to build up the Solotvina Underground
Laboratory of the INR which is situated in Solot-
vina, small town on the west of Ukraine, in a salt
mine on the depth of 430 m underground (1000 m
of water equivalent). Starting from 1984, series of
experiments were performed in this Laboratory
devoted to search for rare a and B nuclear decays
and for rare or forbidden in the Standard Model
effects, mainly for neutrinoless 2 decay of atomic
nuclei. As the most successful, we can mention:

(1) the most stringent limits on Ov2f decay of
"°Cd with CAWO, crystal scintillators enriched in
16Cd at 83% - in fact, one of the best world limits
for this process;

(2) first observation of ''°Cd 2v2p decay;

(3) first observation of one of the rarest a de-
cays ("*'W);

(4) investigation of rare '*Cd p decay;

(5) search for Ov2p decay of '**Gd and "**W.
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Among others, there were searches for cluster
nuclear decays, nuclear transitions to super-dense
state, decays of nucleons into invisible channels,
decays of electron with non-conservation of the
electric charge, charge-non-conserving [ decays.
In many cases, investigations were fulfilled in col-
laboration with colleagues abroad. He was author
or co-author of above 300 scientific publications
for which there are near 2000 references in papers
of other scientists.

Yuri was very clever, initiative and persistent
person. He had a good habit: doing something, to
do it on the highest level. In addition to great sci-
entific achievements, he was Master of Sports in
pentathlon. He achieved to hook fishes of the same
size as he was. Yuri suddenly died on September
1, 2004 during operation on stomach because of
the heart's halt. His death was very unexpected and
shocking event for everyone who knew this lively
man. It was significant loss not only for Ukrainian
but also for world science in which he actively
participated during many years. Everybody, for
whom he was a teacher, and all who knew him,
will miss his intense interest and enthusiasm in the
science and his energy in life.
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