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ExcnepumMmeHTanbHi HAONMMXeHHSA

HO Harmonic-oscillator model: Sajovxr/R) for r<R
p(r) = po(1 + alr/ay)exp(—(r/a)®) e

a = apatf(a’+ 2 agla® —af)) 0 for r=R,
a%={a2—ﬂf,};{f{;4—l} jo(qr)denotestheBmellhnctionofordermo

ag=(Z-2)/3; 'ﬂiz % <r1>prumn

MHOQO Modified harmonic-oscillator model, with the same expression
for p(r) as in HO but with « as an additional free parameter

2pF Two-parameter Fermi model
p(r) = po/(1 + exp((r — ¢)/z))
3pF Three-parameter Fermi model
p(r) = poll + wrifc®)/(1 + exp((r — ¢)/2))
3pG Three-parameter Gaussian model
p(r) = po(1 + wr/e?)/(1 + exp((r® — ¢*)/z%))
UG Uniform Gaussian model

pl(r) = po f exp(—{(r— x)")/g*)xdx



MaKpocKkoniyHUMU + MiKPOCKONiYHUM NiaxXia nepeabayac
Z=114 ta N=184
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Extended Thomas-Fermi model
Equations of Extended Thomas-Fermi (ETF) approach

5g(pn,pp) 55(,0n,,0p)
op P oPn
S(pn , O p) - Energy-density functional depended on neutron and proton densities

o 0

0 0
= -V + A - Variational derivative
5o, op, alvp,) " olap,)

Conservation of proton and neutron number leads

I dfpn( o) (r) = N(Z) toextremum with conditions and to the Lagrange
coefficients

The ground-state energy of the system can be evaluated by using energy density functional,
which depends on the density and density derivative (Hohenberg P, Kohn W. Theorem)

E[p,. pp]1=[dre[p, (r), p, (r)]



Skyrme energy-density functional
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Another form EDF, when terms with kinetic energy are merged with
the single kinetic energy term. The effective mass is introduced.

hz hz 1 1 2 1 2 2
E = T, T *Tp+2t0[[1+zxoj P _(XO +Ej X(pn +pp) +

2m_* " 2m

116{3“()(1 +%)+t2(x2 +%) } x((Vpn ) + (Vpp)2)+

1
W, 0 V43, Vp, +3 Vp |+e

coul

m om| 1 1 1 1 1 1
f =——(f =1+""| |t (1+xj+t (1+xj +-—|t (x +j—t ( +]



If x,=x,=0, x;,=1, a=1, [SIII set]

| 1
Seyrme = %f(r) +Z(t1 +,) o7 +§(t1 -L)(p, 7, - P,T,)

.1, 1 1

2 2
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Kinetic energy

e Thomas-Fermi z-TF,n(p) — kpn(p)
:2(37r2)%

 Rh? derivative correction terms
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Coulomb EDF

with direct and
exchange term in Slater form
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Equations of Extended Thomas-Fermi

(ETF) approach
Se(pp pp)_l L, cie(prwp,o)_/1 _
5pp b oPn "

( 2 2
AnAp, + AL,Ap, +B (Vo) +B,,(Vo,)" +
D, Vo, -Vp,)+F, +4,=0

2 2
AppA,op + ApnA,on + Bpp (V,op) + Bpn (Vp,) +
Dpn(Vpo, - Vo) +F, +C, +4, =0




Boundary conditions

At r=0: density finite

— xXnl
At r=co: __ €
pn,oo T r.2
e *r'
£ p —
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Parameters sets for various Skyrme
force parametrizations

Sl SkM* SLy4* SkP T6

t, | -1128.75 | -2645.0 | -2488.913 | -2931.70 | -1794.20
t, 395.0 410.0 486.818 320.62 294.0
t, -95.0 -135.0 | -546.395 | -337.41 -294.0
t; | 14000.0 | 15595.0 | 13777.0 | 18708.97 | 1281/.0
Xg 0.45 0.09 0.8340 0.29215 0.392
X4 0.0 0.0 -0.3438 | 0.65318 -0.5
X, 0.0 0.0 -1.0 -0.53732 -0.5
X3 1.0 0.0 1.3540 0.18103 0.5

] 1.0 1.0/6.0 | 1.0/6.0 1.0/6.0 | 1.0/3.0
W, | 120.0 130.0 123.0 100.0 107.0




Binding energy, root mean squared radii
and chemical potentials for stable nuclei

Nucle| E..x E | <re>t? | <rz>l2i<rz 20 )y Ay
us | [MeV] | [MeV] exp [fm] [fm] | [MeV] | [MeV]
[fm]

0Ca |342.1 (3404 [3.450 |3.231 |3.209 (-12.14 |-10.61
%Ca |416.1 |418.0 |3.451 |3.327 |3.504 |-6.25 |-18.93
Ni |506.5 |505.8 [3.769 |3.562 |3.618 |-11.25 |-11.54
NV7r 7839 [789.9 [4.258 4070 |4.171 |-8.65 -14.54
114Sn |971.6 (9818 |4.602 |4.391 (3492 |-8.36 |-14.41
1490Ce |1172.7 |1181.8 |4.880 |4.682 [4.819 |-6.60 |-16.62
208Pp |1636.5 |1638.4 [5.503 |5.330 |5.486 |-5.29 -17.44




Relative deviations of binding energy
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Density distribution in various approaches
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Density distribution in various approaches
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Total density distribution 43Ca
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Total density distribution 2%8Pb
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Neutron distribution
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Neutron distribution
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Neutron-reach and proton

reach nuclei

Nucleus

E

E

<r2p>1/2

<r2n>1/2

A

A

MeV] | [Mev] | [fm] [fm] [MeV] [MeV]

2Ca - 203.3 (3101  [2.922 |-22.491 -0.609
56Ca 449.6 455.6  |3.448  [3.754 |-2.443 -25.243
4BNj - 346.3  |3.433  [3.328 |-19.707 -2.510
50Nj 385.5 385.3  |4.664  |4.790 |-17.643 -4.414
60Nj 526.9 528.7  |3591  [3.672 |-10.012 -13.157
62Nj 545.3 549.1  |3.620  |3.725 |-8.879 -14.704
64Nj 561.8 567.3  |3.648  |3.776 |-7.845 -16.185
BN 641.4 655.6  |3.822  |4.125 |-3.157 -23.388
1005y 825.8 818.8  |4.248  |4.243 |-13.38 -7.84
124 1049.4 1059.5 |4.490  |4.654 |-5.699 -18.460
1329 1102.7 1103.8 |4568  [4.798 |-3.98 -21.35
142 - 11426 4658  |4.964 |[-2.216 -24.581
152G - 11648 |4.751  |5.134 |-0.806 -27.375
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Density distribution in various approaches
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Density distribution in superheavy nuclei




Binding energy, root mean squared radii
and chemical potentials for stable nuclei

Z | N E Eye | <rp> | <r,> | &, [MeV] | &, [MeV]
[MeV] | [MeV] | [fm] | [fm]

114 {182 (2113.1 |2099.83 [6.019 |6.198 |-5.218 -15.604

118 |182 (2124.1 |2109.91 [6.045 |6.204 |-5.761 -14.318

120 |182 (2130.8 {2112.70 |6.061 |6.210 |-6.064 -13.711

126 |182 (2134.9 |2112.32 {6.109 |6.230 |-6.973 -11.934

126 |184 (2146.5 |2127.50 (6.122 |6.248 |-6.773 -12.253

164 |272 |2665.9 |- 6.871 |7.016 |-4.336 -15.012

164 |318 |2848.4 |- 7.084 |7.316 |-1.735 -19.920




Potentials [MeV]
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Skyrme SkP [m*/m=1]
double shell closure
at Z=126, N=184
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Density distributions in nuclei and
properties of nucleus-nucleus potentials

V(R)=V_,(R)+V(R)+V.(R),
Vi (R) = 1 E(E D)
2 LR

V(R)=E,(R)-(E +E,)

E12 :Jg [plp(r)+p2p(r1 R)! pln (r)+p2n (r1 R)}jr
E, = jg[plp(r)i PLin (r)}jr
E, = [l (1), oo (r) Pir
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Potentials in various approaches
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Density distributions and potential
{1+ exp[(r — Rn(p))/d}
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Dependences
of barrier height and
of depth of barrier well

on diffuseness
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The ETF potential is evaluated for densities with various
values of diffuseness d

Pocor (1) = Poncoy KL+ XPI(r =R, ))/d |

Obtained ETF potentials are approximated by
V(R)=-V/{1+exp[(R-R,,.)/al} at large distances

V(r), MaB
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BUCHOBKM

ETF i3 Skyrme EDF - ue npocTi Ta NOTYXHi IHCTPYMEHTH
ONA BUBYEHHA PO3MNOAI/MIB HYK/IOHIB

Eneprii 38'a3yBaHHA Aobpe onuncaHi B ETF pa3om i3
Skyrme EDF.

AnepHo-aA4epHUU NOTEHLIaN MOXKHA OLIHUTK B
pamKax ETF 3a gonomoroto Skyrme EDF.

AnepHo-aaepHUN NOTEHL AN 3aNeXUTb Big po3noainy
'YCTUHW B AA4paX i napameTpa ANPy3HOCTI.
[MonepeyHnn nepepi3 3nnTTA Agep npu ninbap’epHMUX
eHepriax 3a1eXunTb Bia po3noainy ryctTuHmM B AApax i
napameTpa aAnedysil.



Thanks for attention!!!



