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We study the p o s s i b i l i t y of extending the model used by Moller and Nix in 1980 to calculate 
nuclear masses and f i s s i on barr iers for nuclei throughout the periodic system, to include 
provision fo r the existence of a neutron sk in. 

The ca lcu la t ion [ 1 ] in 1980 yie lded an r.m.s. deviat ion in the ground-state-, jnass of 0.835 
MeV and an r .m.s . in the f i ss ion bar r ie r height of 1.331 MeV. This calculat ion used the 
approach where the energy as a funct ion of shape is calculated as a sum of a macroscropic term 
and a microscopic term. The macroscopic term varies smoothly with pa r t i c le number and 
deformation and changes by about 200 HeV during the f i ss ion of a heavy system. The microscopic 
term, which arises due to the non-uniform d i s t r i bu t i on of s ing le -pa r t i c le levels is a rap id ly 
f l uc tua t ing term, where the magnitude of the f luc tuat ions are t y p i c a l l y a few HeV but may reach 
values of about 12 meV at doubly closed shel ls . 

The values above, of the r .m.s. dev iat ions, imply that the model of re f . [ 1 ] was very 
successful in describing ground state masses and f i ss ion ba r r i e r s . In par t i cu la r i t was able 
to give c o r r e c t l y , fo r the f i r s t t ime, the f i ss ion barr iers of medium heavy nuclei with A = 110 
and A = 160. Also, in a survey of various mass models in ref. [ 2 ] the above model was the only 
one that y ie lded a smaller r .m.s. dev ia t ion , for a set of new masses determined in recent 
experiments, than was obtained in the or ig ina l adjustment. 

This model is f u l l y discussed in r e f s . [ 1 , 3 ] , For or ien ta t ion we give here i t s main 
features before we discuss our study of i t s general izat ion to include the descr ipt ion of 
compress ib i l i ty ef fects and the neutron sk in . The microscopic s ing le -par t i c le and pai r ing 
e f fec ts were determined from s ing le -pa r t i c le levels calculated for a Folded-Yukawa 
s i ng le -pa r t i c l e p o t e t i a l . The macroscopic model used was s imi lar to the standard l i qu id -Jrop 
model [4 ] w i th the fo l lowing important modi f icat ions: 

1) In the surface energy expression the surface area was replaced by an expression that 
takes into account the reduction in surface energy due to the f i n i t e range of the nuc'ear 
force. This is important, for instance, for saddle point shapes witn a well developed 
neck. The expression used was the Yukawa-plus-exponential model. 
2) The Coulomb diffuseness correct ion was calculated exact ly . 
3) A charge asymmetry term and a proton form factor correct ion was added. 
4) An A" term was included. 
We have studied the p o s s i b i l i t y o f general iz ing the above model to describe compressib i l i ty 

ef fects and the e f fec t of a neutron sk in . These ef fects have been extensively studied ea r l i e r 
by Myers and Swiatecki [ 5 ] in the framework of the macroscopic "Droplet Model." 

Arguments s imi la r to those used to derive the "Droplet Model" may be used to generalize the 
model studied in r e f . [ 1 ] to include neutron skin and compressib i l i ty e f fec ts . However, we 
found that the inclusion of a compressib i l i ty term w i th the standard choice of the 
compress ib i l i ty coe f f i c i en t K = 240 MeV, considerably increased the r .m.s. deviat ions. 

We subsequently found that i f we permitted the value of K to be determined by the masses 
themselves i t was so large that i t s inf luence on nuclear propert ies became neg l i g ib le . 
Consequently, we have chosen to l i m i t our studies, for the moment, to the e f fec ts of including 
the neutron skin thickness as a degree of freedom in the moael. No new parameters are 
introduced. The previously determined surface symmetry energy term is simply wr i t ten in a 
s l i g h t l y d i f f e ren t form. This new form, taken from the Croplet Model theory, allows the 
general izat ion of the model of r e f . [ 1 ] to give a f a i r l y accurate descript ion of isotopic 
trends in nuclear charge r a d i i . 

Below we give the expression for the nuclear potent ia l energy, both the expression used by 
r e f . [ 1 ] and the generalized expression we use here. Terms speci f ic to the model of re f . [1 ] 
are wr i t ten to the l e f t , the modified terms speci f ic to the generalized model studied here are 
wr i t t en to the r i g h t , and terms common to both models are wr i t ten across the page below. 
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In the above expression F s , F c , f and f 0 ?re given by: 
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and f0 simply keeps trie f i r s t term in this expression. 

The quant i ty kf = [ ( 9 /4 ) i rZ /A ] l / 3 / r 0 is the Fermi wave number. The quant i t ies F s , F c and f are 
discussed in r e f s . [ 1 , 2 ] . We have in th is work chosen the constants that mu l t ip ly the in tegra ls 
in the expressions for F s and F c such that F s and F c are 1 for a sphere in the l i m i t the 
diffuseness constant goes to zero. The quantity f accounts fo r the ef fect of the f i n i t e size of 
the proton. 

In th is study we have truncated the expression f and keep only the f i r s t term. In the Tiass 
formula we invest igate here ( r igh t column in the expression above for the potent ia l energy) there 
enters the quant i ty J". The quanti ty ^"represents the bulk nuclear asymmetry, i t is defined by 
7 = [ U n " O z ^ b u T k L a n d ' t is re la ted to the overal l asymmetry I = (H~l}/A by the 
"geometrical" re la t ionsh ip , S = I - - 4 - ( t / R ) , where t is the neutron skin thickness ar.d R the 
nuclear radius. When the energy of the nucleus is -ninirnizea with respect to the skin thickness 
the fo l lowing expression for S is obtained: 

[' • li •? • z A"2'3 ( w F s > ] / [ 1 * i - f - A"1/3 ( B s / F s 

This expression should be considered as auxiliary to tne mass equation itself since it must be 
used to calculate 7 for subsequent substitution. 

The quantities B s, B v , B r and B w are the Droplet Model surface, neutron skin, 
volume redistribution and surface redistribution energies respectively [5]. Furthermore we have 
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Here m stands for ground-state mass and b for the f i s s i o n - t a r r i e r heignt. Thus F is 5 weiahte" 
sum of the r .m.s. deviat ion for the grounc-st3te masses and -"or t ie f iss i c i - n a r r i er heights. 
Because of the strong coupling between the volume and surface energy tern i t was not possible 
to determine a few parameters from an adjustment to f i ss ion -ha r r i e r heights alone, as was done 
in r e f . f i ] where the surface energy coe f f i c ien t a s and the surface syranetry coe f f i c ien t # s 

could bv. determined from an adjustment to f i ss ion barr iers alone. In our invest igat ion her* *e 
take from ref.[3] the values of the fo l lowing oarameters: 
M H = 7 . 2 S 9 0 3 4 MeV hydrogen-atom -nass excess & = 20 MeV pair ing-as/rmetry 

constant 
M n = 8 . 0 / 1 4 3 1 MeV neu t ron mass excess r p = 0.3C fm p r o t o n room--nean-

7 square radi us 
e ' = 1.4299764 MeV fm square of e lect ronic rQ = 1.16 fm nuclear-radius 

constant 
ange of rufcawa-pl a d e n = 0.99/2 1 - / 2 fm rangy of rukawa - jnc t ' an a = 0.53 fu 

in Coulomo energy exponential po:en_ 
calculat ion 

a e) = 1.433xlO~5MeV elect ron ic-b inc in ; c 3 = 0.c l2 weV charge-as/nmeiry 
constant constant 

i = l i MeV pairing-energy constant 
The adjustment procedure for determining the remaining parmeters is f a i r l y involved. 

As input we use shell and pair ing corrections and zero-point energies calculated at the 
appropriate ground-state and saddle-point deformations. These are taken from the work of 
r e t . [ l ] . We have also calculated the shape-dependent functions F s , F r , Be, 8 r , 3 V 

and B^ at these same ground-state and saddle-point shapes. We then minimize the function F 
with respect to some set of parameters with prescribed i n i t i a l values. We have checked that , 
although the function F is non-l inear, the same resu l t is obtained with very d i f f e ren t sets of 
i n i t i a l values. We consider the same set of experimental ground state masses and f i ss ion 
barr iers as did r e f . [ 1 ] . We have determined the remaining parameters of the model *rom 
adjustment to data by performing the minimization in the fo l lowing steps. F i rs t we observe 
that the Wigner term was introduced to account for a V-shaped kink in the mass surface (see 
discussion in re f [7 ] for N = ZJ. Thus i t s magnitude is best determined by considering nuclei 
with N Z. We therefore determine the Wigner coe f f i c ien t by considering only nuclei with A <_ 
70. The resu l t ing value of W is 22 MeV. In the fo l lowing we therefore keep W f ixed at 20 MeV. 
We now determine the parameters &\, a?, J, Q and &Q by minimizing F with 1323 masses and 
23 f i ss ion barr iers taken into account. For the remaining parameters we f i nd : 
aj_ = 15.9827 MeV volume energy constant k = 1.7029 surface symmetry f j c t o r 
a? = 20.9406 MeV surface energy constant a 0 = 6.73 MeV constant term 
J = 28.6275 MeV symmetry energy 
and as discussed above,W = 20 foeV. 
The resu l t ing bar r ie r r .m.s. deviat ion is 1.245 MeV and ground-state r .m.s. deviat ion is 0.843 
MeV. We show, in f i g . 1 , plots of experimental and calculated ground-state shel l corrections 
and the i r d i f ference (which is ident ica l to the di f ference between experimental and calculated 
masses). In f i g . 2 we show experimental and calculated f i ss ion barr iers and the i r d i f ference. 
There seem to be no systematic increases in the deviations far from s t a b i l i t y in these 
f igures. We have, in add i t ion , investigated the predict ions of th is .-node] by ca lcu la t ing 
masses far from s t a b i l i t y and comparing the calculated resul ts to newly avai lable data on 
masses that were not used in the determination of the model parameters. We *"ind : for instance, 
that the model gives -51.26 ;*feV for the mass excess of ^Rb ( o n e 0 p the most neutron-r ich 
nuclei known) compared to an experimental value [8 ] of -50.60 cfeV. Also other calculated 
resul ts far from s t a b i l i t y show very good agreement wi th new experimental data. 

The e f fec t of adding the neutron skin degree at freedom can be seen in f i g . 3, from ref. 
[9]. The quant i ty p lot ted against the charge number Z is A^/3 times the slope governing the 
increasing size of the charge d i s t r i b u t i o n with increasing neutron number, aR n . As can be 
seen in thef igure the Liquid Drop Model predicts that th is quant i ty should be a constant, 
( r 0 / 3 ) , which is about twice as large as the measured values for nuclei throughout the 
periodic tab le. The Droplet Model of r e f . [7 ] is represented by the dashed l ine in the f i gu re , 
anri thp predict ions of the combined model described here are given by the Jot dashed l i n e . 
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Figure 3. 

By adding the neutron skin thickness degree of freedom from the Droplet Model we have 
been able to extend the resul ts of r e f . [ l ] to induce a subs tant ia l l y improved predict ion of 
the isotopic trends in charge r a d i i . The excellent f i t to masses and f i ss ion barr iers is 
retained and no addit ional parameters are introduced. In add i t ion , a number of important, ard 
unresolved, issues are raised by th is work. For example, we find no indication of curvature or 
compressib i l i ty eff&cts even though there is substant ial evidence in the l i t e r a t u r e that such 
ef fects should hd present. At the moment we view the approach out l ined here as an improvement 
over r e f . [ l ] but phenomenological in nature because important physical ef fects have been 
suppressed to improve the f i t to data. 
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