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Macroscopic-Microscopic Method

Macroscopic Energy:
- Lublin-Strasbourg Drop (LSD),

M(Z, N; def) = ZMy + NM,, — 0.000014332%3°
+ELSD(Za N; def) + Emicr(za N; def) + ECongr.
or Finite Range Liquid Drop Model

Microscopic Energy:

Emicr = Lpair + Eshell
Pairing Energy: B

Epair = Epcs + Epc
or with Particle Number Projection method

Microscopic Energy Term with the Woods-Saxon Universal Parameter-
Set Hamiltonian
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Wigner/Congruence Energy: History

Wigner E, Phys. Rev. 51 (1937) 106,947
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Congruence/Wigner Energy: History

Myers W D, Swiatecki W J, Nucl. Phys. A 81 (1966) 1
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Congruence/Wigner Energy:

@ =2~ {Neck area) /(Mean fragment cross-section)

WD, Myers, W.J, Swiatecki / Nuclear Physics A 612 (1997) 249-261

=2- Rn/if. for necked-in shapes,

w=1, for convex shapes,

where R, is an effective neck radius and E, is a mean of the effective transy
of the two nascent fragments. Thus we arrive at a tentative semi-empirical expr
the congruence energy of necked-in shapes:

(1, shape) = — (2= R,/R,)C, exp( =W | 11/Cy).

Lublin - Strasbourg Drop model
K. Pomorski and J. Dudek, PRC 67 (2003) 044316

Fig. 1. The difference between measured binding cnergics and thoso calculated using the shell- and q
pairing-corrected Thomas—Fermi model of Ref. [5], The points (denoted by a variety of symbols) refer to the J. Dudek, K. Pomorski, et al. EPJ A 20 (2004) 165
28 isobaric chains with A =6, 8,....60 that straddle the locus N = Z in the chart of nuclei, The curve is the
semi-empirical fit C(7) = ~ 10expl ~ 4271}/ MeV.
, s —Co exp(—W]1] /Co)
refer to as the congruence energy - is provided by the following semi-empirical
formula:
C(1) = —Cyexp(—W | T1/C,) (1a) o o ..
i S M Finite Range Liquid Drop Model

with Cy = 10 MeV, W= 42 MeV., Sierk A J, PRC 33 (1986) 2039

A positive contribution 1o nuclear masses proportional to | I | (like the second term in
Eg. (1b)) is usvally referred to as a Wigner term (Refs. [2,3]). Its origin goes back 1o Mbller P, Sierk A J, lwamoto A, PRL 92 (2004
Wigner's supermultiplet theory, introduced into nuclear physics at a time when the
independent-particle model was not believed to be a good approximation (Ref. [6]). By 072501
conirast, the negative contribution of the type of Eq. (1a), which is the subject of the
present paper is, we believe, a direct col of the mode] of independent quantized
particles in a mean-field potential well. (We shall come back to the relation between the WFRLDM — CO + W I I I

0

congruence energy and the Wigner term in Section 6.)

Myers W D, Swiatecki W J, Nucl. Phys. A 612 (1997)
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Langevin equations

P.N. Nadtochy, G.D. Adeev, Phys. Rev. C 72, (2005) 054608

dg; 1=
- = Z[M (@)lip;
J
dp; 1 d[Mm—1 q)l; dV(q
IS V) S\ C)
dt 2 K dq; dq;

ik i

- [Mfl(&’)],-j - tensor ot inertia, Mj; - tensor of mass
- V(§) - potential energy
-G = (91,92, g3) - collective coordinates (funny hills parametrisation)
- P = (p1, P2, P3) - conjugate momenta
- [j(t) - random variable: (I';) =0, ([;(t1)l(t2)) = 28;6(t1 — t2)
- Djj = gikgkj = T~y - diffusion tensor
-T= [E,-,,,/:‘J(Ei)]l/2 - Temperature from Fermi gas model
- Ejn¢ -internal excitation energy
- Econ(d, (p)) = %[Mfl(c‘i)],-jp,-pj - the kinetic energy of the collective degrees of freedom

-a(q) =aA+ 25A2/3Bs(67') - Ignatyuk level density parameter

> 4@ M @)wpe + > gi(@)F(t)
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Potential Energy Surfaces

111,

2ol Ne

111, 111,

el 191Nz

The potential energy surfaces for the M In calculated with the LSD (bottom) and the FRLDM model (top) with
(right) and without congruence energy in the plane (qy, q3 )-(elongation versus mass asymmetry) for h = 0.0 .
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Results: Fission-Fragment Charge-Distributions

T
FRLDM
FRLDM +C.

T
FRLDM no con.
LSD no con.
LSD + con.
FRLDM + con.
exp

Cross Section [mb]
=
o

Charge distributions for 3 Kr+27 Al(10.6AMeV)— 11n, ®Kr+40Ca(5.5AMeV)— 118Ba

and 2°Ne+232Th (215MeV)— 252 Fm for fission channel. Exp. - G. Ademard et al., Phys. Rev.C 83, 054619 (2011)
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Results: Total Kinetic Energy Distributions

T T
FRLDM

FRLDM +C.

LSD +C.
FRLDM no C. ——
FRLDOM + C. —— 7§

The mean TKE distributions for 111In, 118 55 and 252 Fm for fission channel calculated with the FRLDM and LSD.
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Particle Emission Multiplicity

FRLDM+C.
Npre 291
Npost 0.85
Ntot 4.64
0.75
Ppost 0.15
Qpre 0.58
Qpost 0.24
<M> 52.50
FWHM(M) 78.13
T 2.48
<TKE> 61.03
FWHM(TKE) 35.56
FRLDM+C. . Exp.[2]
6.11 6.36
2.44 3.83
Ntot 11.00 14.6
Ppre 0.10
Ppost 0.01
[ 0.16 %g(z]l:mwg
Qpost y 0.01
<M> 122.59
FWHM(M) 56.32
T 2.10
<TKE> 195.87
FWHM(TKE) 37.06

Ppre

Npre
Npost

1. Y. Futami et al., Nucl. Phys. A607 (1996) 85,

2. D.J. Hinde et al., Phys. Rev. C 39, (1989) 2268
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A Few Remarks

The Congruence Energy:

e ... should double at the scission point

e ... could be used to help reproducing the fission barrier heights since ...
e ... it changes the potential energy surfaces at large elongation

e ... does not change fission fragment charge distributions for heavy nuclei
e ... does not change significantly the particle multilicity

A Question:

e ... does it have any influence on the other fenomena such as e. g. shape
coexistence 7
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Macroscopic-Microscopic Method

Nuclear surface parametrization:

R, ¢) = Roc({a}) Y 1+ axtu Yatu(d, ©)]
A

{B,7} = {a20, 22} <> Att.: Shapes out of scale
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Jacobi/Poincaré Shape Transition

Jacobi shape transition Poincaré shape transition
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The *2Ba with spin / = 0 — 110 7 A. Maj et al. Int.J.Mod.Phys.E 19 (2010).
Investigation of the temperature influence on the Poincaré shape
transitions is in progress
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Jacobi/Poincaré Shape Transition

Acta Math. 7 (1885) 259
Int. J. Mod. Phys. E 19 (2010) 532

Oblate (MacLaurin)

Octupole, left- right
asymmetric

Deformation parameters
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s
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Theoretical
prediction (for
the first time)
of the Poincare

shape
transition in
atomic nuclei
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Shape-Dependent Congruence Energy

No Cong.
Cong.

90 100 ofluent

A new parameterization of the
shape dependence [KM, J.
Dudek, A. Maj]

Econg(a20) = WO(Zv N) . Fneck(a20)
Freck(20) = 1+ % {1 + tanh [(QZO - ago)/aneck}} .
Wo(Z,N) = —Coexp(—WII|/Co) with 1= (N — Z)/A

Wigner E, Phys. Rev. 51 (1937) 106,947; Myers W D, Swiatecki W J, Nucl. Phys. A;81 (1966) 1, Nucl. Phys.
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Fission Barrier Heights

Nucleus Exp/Ref No C. C. M.-S. 0‘0 A-dependent
Aneck —* 0.5 1.0 15

39.4 2]

44.5 [2] 1. Myers W D, Swiatecki W J,

Nucl. Phys. A 612 (1997) 249

2. Fan T S, et al, Nucl. Phys. A

4204 679 (2000) 121

46.0 [4] 3. Delis D N, et al, Nucl. Phys. A

29.0 [5] 28.707 25.635 27.433 26.797 26.616 534 (1991) 403

6.3 [5] 6.204 6.013 6.204 6.186 6.120 4. Jing K X, et al, Nucl. Phys. A
645 (1999) 203

5. Moretto L G, et al, Phys. Lett.

Comparison of the barrier heights for nuclei listed. Columns 2-5 contain: B 38 (1972) 471

Experimental values [Exp], reference of origin [Ref], LSD model results with

congruence ignored, and Congruence effect from Myers and éwiatecki [C.

M.-S.],[1] . The last three columns represent the results obtained using the

hypotheses: apex = 0.5,1.0 and 1.5.

no Cong.
Cong. MS

Aneck =05 ——
1.
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Summary and Conclusions

e The fission dynamics tested with four macroscopic models.
e The fission fragment charge distribution could be very sensitive
on the adding congruence energy.

e A new formula for the shape-dependent congruence energy is proposed
and tested [KM, J. Dudek and A. Maj; to be published].

e The spin range for the shape transition is influenced by the congruence
energy.
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