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Topographical theorem of Swiatecki

Vsadd = Mmac(sadd.)−Mexp(g.s.)



.
How a

urate is LSD and the topographi
al theorem?
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The rms deviation for the �ssion barrier heights is 0.310 MeV only!

J. Bartel, A. Dobrowolski, and K. Pomorski, IJMP E16, 459 (2007)

W. D. Myers, W.J. �wi�ate
ki, Nu
l.Phys. A612 (1997) 249. ← Topographi
al theorem



Lublin-Strasbourg Drop Model:

M(Z,N ; def) = ZMH + NMn − 0.00001433Z2.39

volume + bvol (1− κvol I
2 )A

surface + bsurf (1− κsurfI
2 )A2/3Bsurf(def)

curvature + bcur (1− κcur I
2 )A1/3Bcur(def)

Coulomb + 3
5 e

2 Z2

rch0 A1/3 BCoul(def)− C4
Z2

A

corrections +Emicr(Z,N ; def) + Econg(Z,N)



Liquid drop parameters � 2003

Term Units LDM LSD

bvol MeV -15.8484 -15.4920

κvol - 1.8475 1.8601

bsurf MeV 19.3859 16.9707

κsurf - 1.9830 2.2938

bcur MeV 0 3.8602

κcur - 0 -2.3764

r0 fm 1.18995 1.21725

C4 MeV 1.1995 0.9181

δB MeV 0.732 0.698

Fit to the experimental binding energies of 2766 isotopes.

K. Pomorski, J. Dudek: Phys. Rev. C67, 044316 (2003).
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Modi�ed Funny-Hills parametrisation:

Funny-Hills shape de�nition reads:

ρ̃2s(z) =

{

R2
0c

2
(

1− u2
) (

A + αu + Bu2
)

, for B ≥ 0

R2
0c

2
(

1− u2
)

(A + αu) exp
(

Bc3u2
)

for B ≤ 0 ,

where u = z−zsh
z0

, z0 = cR0 and zsh = −c3αz0/5.

The parameter c des
ribes the elongation of nu
leus.

Our new shape de�nition with the Gaussian ne
k reads:

̺2s (z, ϕ) =
R2

o
c f(a,B)

(1− u2) (1− γαu)
[

1−B e−a
2(u−α)2

]

1−η2

1+η2+2η cos(ϕ)

where the fa
tor f(a,B) ensures the volume 
onservation.

B is the ne
k parameter and B = 1 
orresponds to the s
ission point. The

deformation α gives the left-right asymmetry, while η =
ay−ax
ay+ax

des
ribes the

nonaxiality.

J. Bartel, K.Pomorski, B. Nerlo-Pomorska, Int. J. Mod. Phys. E21 (2012) 1250023.
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where  I = N − Z



.
Qubi
 model of a nu
leus (Moretto et al.)

A1/3

� b energy of a single bond,

� Evol = 6 · b/2×A � volume energy,

� 6A2/3

number of nu
leons at the surfa
e,

� Esurf = −b/2 · 6A
2/3

� surfa
e energy

ELD = avol(A−A2/3) + ELD



.
Fission barriers in LSD and Moretto (i) and (v) models
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Topographi
al theorem of �wi¡te
ki was used here to renormalise

the experimental barrier heights.
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Fission barrier heights in Myers-�wi¡te
ki, LSD and Moretto models
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The experimental data are taken from W.D. Myers, W.J. �wi¡te
ki, Nu
l.Phys. A612 (1997) 249.
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Fission barrier heights in the Moretto models
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.
Fission barrier heights in the Moretto (i), (v) models
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The LD model (i) has no 
urvature term while (v) has it and in addition has a free

x-parameter in the isospin dependent term I(I + x), what leads to the best mass �t.



.
38 di�erent parameters sets adjusted to 2027 experimental masses are presented in four tables.

In the following we have 
hosen one sets from ea
h table whi
h gives the best mass �t.

Similarly to Moretto at al. the �ssion barrier heights are not dis
ussed in the paper.
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Fission barrier heights in di�erent LD models of Royer
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G. Royer, Nu
l. Phys. A807 (2008) 105.
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LD limits of stability
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Proton, neutron drip lines and β-stability line are almost the same in all

presented here liquid drop models.
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Life-times à la �wi¡te
ki: Physi
s is simple
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Experimental masses and spontaneous �ssion half-lives are from NUDAT. The estimates of are

made in a simple one parameter model of �wi¡te
ki

∗

using the LSD ma
ros
opi
 masses:

log T SF
1/2 [y] + k(MLSD −Mexp) = a Z2

A
+ b.

∗

W.J. �wi¡te
ki, Phys. Rev. 100 (1955) 937;

H.J. Krappe and K. Pomorski, Theory of Nu
lear Fission, Le
ture Notes in Physi
s 838, Springer, 2011.



Con
lusions:

• Lublin-Strasbourg drop with the deformation dependent 
ongruen
e term

reprodu
es well all known barrier heights,

• All liquid drop models developed by Moretto et al. by adjustment to the

known binding energies are unable to reprodu
e the experimental �ssion

barrier heights,

• The above 
on
lusion 
an be applied to all 38 LD models developed by

Royer,

• It is not the best idea to remove from the LD model terms whi
h have a


lear physi
al meaning,

• The same remark refers to adding new terms to the LD model.



Thank you for your attention!


