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Single-particle levels in the nascent fragments
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Fission barrier of ?3?Th within the HFB+Gogny

10 I v I v I v I v I

J.F. Berger and K. Pomorski, Phys. Rev. Lett. 85 (1999) 30.
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Density of ?32Th in the 3" minimum
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Densities evaluated within the HFB theory by J.F. Berger et al.
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Molecular
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Macroscopic — Microscopic Model*:

M(Z, N;def) = ZMyg + NM, — bejec Z2-
_|_bvol (]- — KRvol Iz ) A
_l_ bsurf (]— — KfsurfIZ ) Az/ngurf(def)
+ bcur (1 — Recur I2 ) Al/SBcur(def)
e2 2 2
_|_ % rghjl/S BCoul(def) — C4 ZZ

+ Emicr(Za N, def) + Econg(Za N)
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Shell and Pairing Corrections:

‘Emicr — 5Eshell + 5Epair 9|
where
5Eshell — Z 281/ — <Z 261/ >Strut .

5Epair — Epair — <Epair> ’
with Epalr — EBCS — Z 261/ ,

ocCcc
and

‘EBCS =5, 2vie, —G> uv, —G> 'vﬁl
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PES of ?*°Pu on the (c,h) plane for =0, n=0:
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LSD with shell and pairing corrections are obtained with the Yukawa-folded single-particle
potential.

A. Dobrowolski, K. Pomorski, J. Bartel, Phys. Rev. c75(2007) 024613.
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Fission barrier:

ener gy

g.s. saddle SCISSion def.

VB = Mgaaqd — Mg.s.
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Fission barrier heights:
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Deformation dependent congruence energy term is included here according to:
W.D. Myers, W.J. Swiatecki, Nucl. Phys. A612 (1997) 249.
K. Pomorski, J. Dudek, Int. Journ. Mod. Phys. E13 (2004) 107.
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Strutinsky smoothed energy

In this method one evaluates first the smooth s.p. particle level
density g(e) by folding the discrete spectrum of s.p. energies €,

(€)=Y o(e—e)) — g<e>=%;jn(€;56”),

. 2
where for n = 6 ]6(.’13):%8 (22— 2?4 Txt — af) .

According to Strutinsky the smoothed s.p. energy is given by

S~

~ A A
Esiy = [ 2eg(e)de, N = [ 2g(e)de.

where X is the Fermi energy in a system without the shell structure.
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Additive property of the shell corrections:

Let us consider two separated fission fragments with the s.p.
spectra {e} = {e’, e} and having the same average Fermi
energies as the mother system: A! = A" = X\ One can easy show

that for such a systems the following relations are hold:

Fsw = B., +E"  and N = N' 4 A"

Str

what means that

2 : —~ L 2 : l E : r 1l ~h
Eshell — 26,, — EStr — 261/ _l_ 261/ o EStr o EStr
occ occ

ocCcC

— Rl r
and Eshell — Eshell _I_ Esh,ell

The same is not true for the monopole pairing energy as the average

pairing gaps could be different in the both fragments, . ......omewssoen i



Pairing correlations in almost separated systems:

Let us consider two separated fission fragments with the s.p.
spectra {e} = {e', e} described by the following Hamiltonian:

H = I:IO—I—lﬁIpm-r = Z e, (aja,, + a;a,;)—G Z aja;aﬁaﬂ

v v,p

which can be rewritten as

H, = fﬂ, + PI{,L — G\PP, — G,P; P,—Gy, (PfLPh + PP,

Here " = (P)*, P, =Y, alal and P, = ata”.

It is obvious that in case of the separated fragments the approxi-

mation G; = G, = Gy, = G is not valid any more and it rather

holds G; > G}, > G and Gy, = 0.

Microscopic Corrections at Scission Configurations when Mass Symmetry Is Broken — p.16/28



Pairing correlations in almost separated systems:

In such approximation the BCS equations takes the following form:

2

DI D DR B e
and
N=> 202=> 2(v.)*+ ) 2(v})?> =N+ N,,

where

L= (b — N)? + A7,

— A
(v))? = = ( _BE; l) , etc.

WithA;éAl#Ahand)\z)\l%)\h.
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Shell and pairing energy of fragments and mother nucleus:
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Two Nilsson wells are

used here.
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Shell and pairing energy of two separated fragments:
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Average pairing energy:

Epair = 221) e,,—GZu,/v,, GZvﬁ—ZZey,

ocCc

After replacing sums by integrals and assuming £ > A

the average pairing energy becomes:

_ N
Epair = ——g()\)A2 G o + ...
The average gap equation takes the following form:

2 2()
A=G LUy, — =~ g(A)In| —
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Average pairing energy™:

120 oF
s 1/3 _ .
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The pairing strength was evaluated using the average experimental gaps

Aw) =28y A = 288y
exp 71/3 ’ exp N1/3

taken from Ref. {P. Msller and J.R. Nix, Nucl. Phys. A536 (1992) 61 }.

*K. Pomorski, F. Ivanyuk, Int. Journ. Mod. Phys. E18 (2009) 900.
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Average pairing energy is A almost independent !!

o What does it mean?
o What will happen with the pairing energy
when nucleus fission into two fragments?

2<E >

palr palr

o Should the pairing strength depend on
deformation of fissioning nucleus?
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Fffect of the congruence and the average

pairing™:

*K. Pomorski, F. lvanyuk, Int. Journ. Mod

. Phys. E18 (2009) 900.
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Effect of the congruence and the average pairing™:
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*K. Pomorski, F. Ivanyuk, Int. Journ. Mod. Phys. E18 (2009) 900.
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Pure LSD saddle point masses of heavy nuclei:

80 [ r.m.s. dev. =0.310 MeV

W. D. Myers, W.J. Swiatecki, Nucl.Phys. A612 (1997) 249. «— Topographical theorem

J. Bartel, A. Dobrowolski, and K. Pomorski, IJMP E16, 459 (2007)
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LSD barriers according to the topographical theorem




Summary:

Binuclear structure of fissioning nuclei is manifested already at
deformations corresponding to the third minimum.

Shell energies of the fission fragments are additive and their

sum is close to the shell energy of the common system.

Pairing energies could be different in each nascent fragment
and their sum differs from the pairing energy evaluated for the
common system.

Inclusion of the deformation dependent congruence (Wigner)
energy and taking the pairing strength proportional to the
surface area improves significantly the estimates of the barrier
heights of the light nuclei.

Lublin Strasburg Drop describes well masses of the known

isotopes both in the ground state and saddle points.
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