B. HO. leHucos
IHCTUTYT AaepHUX AOCNIAXeHb
HauioHanbHa akagemia HayK YKpaiHu

KuiBCbKMiA HauioHaNbHUM YHiBepCUTeT
imeHi Tapaca LLleB4eHKa






BiaKputTta notpinHoro noainy: 1946-1947
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Moaia noTpinHOro noAin
o + 2 ynamKa noainy

NOTPIMHWUI NOAIN AOEP - ocobnmsuii BUA, Noainy apep, KONM yTBOPEHHA 2 OCKOKIB
CYNPOBOAXYETLCA BU/IbOTOM J1IErKOI 3apAAKEHOI YaCTUHKMU.

Y nepeBakHiu 6inblIOCTi BUNaaKiB ue gosronpobixkHa anbda-yacTUHKa 3 cepegHbolo
eHeprielo npubausHo 8 3 pasu 6inbLOLO, HiXK Y BUNAAKY anbda-po3nagy BaXKKUX aaep.






Mopin
NOTPiUHOro
noainy
natTh + 40Ar =>
o + 2 ynamKa
noainy

. F1c. 1. Etched charged-particle tracks in thorite which was ir-
R.L. Feischer et al., Phys. Rev. 143, radiated with 400-MeV Ar ions. The two-pronged events are
943 (1966) binary fissions, the three-pronged events are ternary fissions. Typi-

cal prongs are 5 to 10 x long. For further examples of ternary
fission in this experiment see Iig. 6 of R. L. Fleischer, P. B. Price,
and R. M. Walker, Science 149, 383 (1965). The Ar beam is
incident at 9° to the horizontal.
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By study ternary fission we can better understand the fission dynamics around scission point.



-

Yield / %

2
10

'

.

4
=

S
)

TERNARY PARTICLES

10-9 llllllllllllllllllllllllllllllllll

ASYMMETRIC FISSION

BINARY FRAGMENTS

SUPERASYMMETRIC FISSION

lllll'lflllll'lllllTlIlllllll'lllllllllllllllllillllllllflllllilllli

lllllIllllllllllllllllllllllljlllllllllllllllJlllllllll7

0 20 40

80 100 120
Mass Number A

140

160

180



Angular and Energy
distributions of alpha-particles

Mutterer, Theobald, in Nuclear Decay
Mode, Ed. Poenaru (1996)

90

A Fig. 2: Scatter plot of ternary o-particle emission from
22Cf(sf). In the polar diagram the fissioning nucleus is
located at the centre with the light fragment moving to the
left (® = 0°) and the heavy fragment to the right (@ =~ 180°).
Each point in the plot corresponds to an o-particle from
ternary fission. Energies of the ?-particles are represented as
radii measured from the centre. Their angles of emission
relative to light fragment momentum are given as the polar
angles @ of the radius vector, from ref. [5].



Energy distribution of ternary a particles from 252Cf spontaneous fission:
Comparison of the present data (points with error bars) with results
from Tishchenko at al. (squares) and Loveland (triangles).
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Po3nogin eHeprii NOTPiMHUX a-4aCTUHOK npwu noaini 252Cf.
[Ba lNaycciaHa, wo BignosigatoTb AaHUm Bule 9 MeB,
BPaxoOBYIOTb CMIPaBXHi NOTPiNHI a (aomiHyouni
(ekBaTopianbHuit) niK) i 3annwWwKoBI a Big po3naay S5He.
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Various particle emission at ternary fission
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& Fig. 4: Fragment mass distributions in ternary fission of
432Cf(sf) with “He and Be as the light charged particles (black
points with error bars in the left and right panel,
respectively). Yields are given as the number of events

measured. Binary mass distributions are shown for
comparison as red dashed curves. For each reaction the

binary distributions are normalised to the total number of
counts in the ternary distribution, from ref. [8].



Dependence of ternary particles yields on energy of initial nucleus
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Halpern’s sudden approximation

Nuclear Shape Potential along |
Symmetry Axis
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How a sudden absorption of the neck between two fission fragments can lead to the release of an alpha
particle between them. The sudden disappearance of the neck results in the potential change foran alpha
particle (row b). If the change is fast enough, there is no change in the wave function. But subsequently
the alpha-particle wave function can be reduced in regions occupied by nuclear matter due to absorption
(row ¢). The surviving part of the wave function represents a free alpha particle in the
region between fragments.



Double Random Two Independent Neck-Rupture

Hypothesis: during the lifetime of the neck ‘t’, two independent ruptures occur with
equal probabilities. These probabilities are uniformly distributed in space and time:
they are the same at each point along the neck and at each moment of time during t,..

In addition to t, there are two other times that are important:

and

t.,3.(of the neck absorption by the fragments)

Consequence: if the 2nd ruptures arrives in the interval [t , t;.- ]
after the 1st rupture the fission is ternary.

V. Rubchenya, Sov. J. Nucl. Phys. 35 (1982) 334; V. Rubchenya and S. Yavshits, Z. Phys. A329 (1988) 217
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Probability P

T/B for temnary fission,

calculated from the

doubie-neck-rupture theory of Rubchenya and Yavshits {13] for various fissioning
systems, versus fissility Z%/A4. Values are normalized to the experimental value for
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a-decay between saddle and scission

Hypothesis: all fissile nuclei are &« emitters
in their ground state. This property (of be-
ing an a emitter) is continuously influenced
by the new shapes and the new energy bal-
ances that the nucleus goes through on its
way to scission. A possible source for the
scission «'s would therefore be the a« decay
from the last stage of the fission process.
One-body mechanism: the simplest mech-
anism through which an « cluster in a fis-
sioning nucleus can gain enough energy to
escape is the collision with the mowving wall
of the a-nucleus potential.

MN. Carjan:

J. Physique 37 (1976) 1279
and

Ph.D. Thesis, TH Darmstadt,
Difo-Druck, Bamberg, 1977.
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Important role of the spectroscopic factor ( alpha clustering)
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Figure 5.  Ternary alpha (top) and triton (bottom) emission probabilities from (sf)-data
(left) and (nyp,f)-data (right) as a function of the fissility parameter of the fissioning nu-
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in the middle. Data obtained from the present work are indicated.



Orientation and position of
deformed fragments
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The collinear orientation of axial-symmetric deformed fragments.



The total interaction potential energy of these fission fragments is

V(Riz, Ras, B1, B2, B3) = Vi5(Rus, B, 3)

+Vi5(Raa, B, B2) + Vi (Riz, B1, 5s)

+Va4(Ras, B2, B3) + Vaz(Ras, Ba, Bs)
+E1(B1) + B3 () + E5°(Bs). (1)

Here V3 (R;j, B, B;) and VC(R? i, Bi, B;) are, respectively, the nuclear and Coulomb interactions
between fragments i and j, E1°(3;) is the deformation energy of fragment 7, 3; is the surface

quadrupole deformation parameter of fragment 7. The deformation parameter 3; relates to the
surface radius of deformed nucleus R;(6;) = Ro; [1 + 8;Y20(0;)] -

EZLZLA2~ZQ - E* _|_ Q o BA]:Z'I :A2~ZQ (2)

is the total excitation energy of fragments at the lowest barrier point. The yield is proportional

to

Ay Ay A
YIELD o< rhoa, z,(— 4, 7,.1,.2)) - Thoas (77 B 2, 0,.2,) - Thosy 2y(—2 BA 2, 0,.2,) - (3)
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The differences of the potentials AV (d},, d);) at the values of deformation parameters at the
lowest barrier point for the fission of ?*2Cf into fragments ®Zr+*0+%2Sn (left) and

2Ni+*Ca+1328n (right).
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The dependence of the total excitation energy of fragments E* for the triple spontaneous fission

of 2°2Cf on masses the fragments.
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excitation energy €* = 10 MeV on masses of the fragments.
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Thanks for attention!!!



