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I . I n t r o d u c t i o n 

The term " leptodermous" means hav ing a 
t h i n s k i n . For any s y s t e m t h i s term i s a p p l i c a b l e 
i f i t i s e s s e n t i a l l y homogenous a lmost a l l over 
t h e bu lk e x c e p t a t t h e s u r f a c e r e g i o n . In t h e 
l i g h t o f t h i s d e f i n i t i o n one can ask t h e q u e s t i o n : 
w h e t h e r a n u c l e u s i s l eptodermous? In f a c t t h i s 
term f o r t h e f i r s t t i m e had been used by W.J. 
S w i a t e c k i and h i s c o w o r k e r s ( 1 , 2 ) i n d e v e l o p i n g 
t h e L i q u i d Drop/;. (LD)t Model and l a t e r t h e D r o p l e t 
Model (DM) f o r ; t h e ^masses o f n u c l e i . In a d d i t i o n 
t o t h i s c o n c e p t one a l s o u s e s t h e f a c t t h a t t h e 
t o t a l e n e r g y o f a n u c l e u s can be w r i t t e n a s an 
i n t e g r a l o f e n e r g y d e n s i t y which again i s a f u n c t -
i o n o f t h e n .uc leon d e n s i t i e s . Then i t i s p o s s i b l e 
t c e x p r e s s t h e t o t a l e n e r g y as the sura o f a bulk 
t erm and a s u r f a c e l a y e r term. T h i s type o f b e h a -
v i o u r i s t h e r e s u l t o f s a t u r a t i n g and s h o r t range 
n a t u r e o f t h e n u c l e a r f o r c e . This i s t h e b a s i c ~ 
c o n c e p t beh ind t h e l e p t o d e r m o u s i d e a i n n u c l e i . 

In t h e p r e s e n t t a l k we s h a l l b r i e f l y 
d i s c u s s t h e s e m o d e l s , t h e i r shortcomings and t h e i r 
e v e n t u a l i m p r o v e m e n t s . I n t h e 2nd p a r t we s h a l l 
h i g h l i g h t how t h i s l e p t o d e r m o u s concept can be 
u s e d t o o b t a i n f i n i t e n u c l e u s i n c o m p r e s s i b i l i t y 
(K») a s a s e r i e s whose z e r o t h order term i s t h e 
i n f i n i t e n u c l e a r m a t t e r i n c o m p r e s s i b i l i t y ( K ^ ) . 
F i n a l l y we s h a l l d i s c u s s how t h i s q u a n t i t y can be 
c a l c u l a t e d t h e o r e t i c a l l y and whether t h i s e x p a n s i o n 
i s c o n v e r g e n t . A l s o t h e p r e s e n t s t a t u s of d e t e r m i -
n a t i o n o f t h i s q u a n t i t y w i l l be p r e s e n t e d . 

I I . Mass Formula Based on LDE 

We have a l r e a d y ment ioned e a r l i e r t h a t a 
n u c l e u s can be c o n s i d e r e d a s a leptodermous s y s t e m . 
Then t h e s u r f a c e r e g i o n o f a f i n i t e n u c l e u s d e v i a t e s 
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from uni form d i s t r i b u t i o n o c c u r i n g i n t h e bu lk 
r e g i o n . The w i d t h o f t h i s d i f f u s e d r e g i o n i s 
u s u a l l y s m a l l compared t o t h e c h a r a c t e r i s t i c 
s p a t i a l d imens ion o f t h e n u c l e u s . In t h e n u c l e i 
t h e r a t i o o f t h e i n t e r p a r t i c l e s p r c i n g t o t h e 
n u c l e a r r a d i u s i s o f t h e order o f A - 7 3 . In 
a d d i t i o n t o t h i s parameter t h e asymmetry 
parameter I = (N-Z) /A shou ld be c o n s i d e r e d t o 
o b t a i n a LDE o f t h e n u c l e a r mass . Then t h e v a r i o u s 
terms i n t h e e x p a n s i o n can be w r i t t e n a s f o l l o w s . 

Order i n A —7 
r a 2 / * r r . -

Order i n I 2 A I 2 A 2 / 5 * * • ' 

I I*A • • • 

The f i r s t o r d e r terms i n t h i s expans ion 
I A a l o n g w i t h t h e Coulomb term c o n s t i t u t e t h e 
f i r s t mass f o r m u l a known a s B e t h e - V / e i z s a c h e r 
mass f o r m u l a . I t i s we l l -known t h a t t h i s had 
a q u a l i t a t i v e s u c c e s s o n l y . Myers and S w i a t e c k i 
l a t e r used t h e s e terms assuming a n u c l e u s a s a 
i n c o m p r e s s i b l e l i q u i d d r o p f o r t h e m a c r o s c o p i c 
e n e r g y term, I h i s i s t h e b a s i s o f t h e famous , 
LD Model and i s q u i t e s u c c e s s f u l t o g i v e q u a n t i -
t a t i v e a g r e e m e n t s , However t h e p r e d i c t e d v a l u e 
f o r t h e n u c l e a r r a d i u s parameter ' r • d i f f e r 
w i t h t h a t o f from e l e c t r o n s c a t t e r i n g a n a l y s i s 
by 6-10%. 

A f u r t h e r r e f i n e d v e r s i o n i n t h e L e p t o -
dermous e x p a n s i o n (LDE) i s t h e D r o p l e t Model 
o f n u c l e i , i n w h i c h h i g h e r o r d e r t erms u p t o 
Ax* and t h e c o r r e s p o n d e n t c r o s s terms i n i . e . 
'Zr A 2 / ? , I^A a r e u s e d . In t h i s model n u c l e i a r e 
c o n s i d e r e d a s c o m p r e s s i b l e l i q u i d d r o p s t o t a k e 
c a r e of the" c o m p r e s s i o n e f f e c t s , ^ h i s r e s u l t s i n 
h a v i n g two d i f f e r e n t f l u i d s namely n e u t r o n and 
p r o t e n f l u i d s c h a r a c t e r i z e d by p a r a m e t e r s , 
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£ = - C ? c - S = ?Pe)/?. 

where 4 . c o r r e s P o n d s t o t h e c e n t r a l d e n s i t y o f t h e 
f i n i t e n u c l e u s . T h i s model p r o v i d e s a comprehen-
s i v e d e s c r i p t i o n o f wide range o f n u c l e a r s t a t i c 
p r o p e r t i e s l i k e n u c l e a r s h a p e , s i z e , d e n s i t y e t c . 
S i n c e t h e s e are w e l l known, we s h a l l o n l y h i g h -
l i g h t i n t h e f o l l o w i n g i t s s h o r t c o m i n g s . 

One o f t h e s e v e r e c r i t i c i s m s o f t h e DM 
model i s t h e • N u c l e a r Squeez ing E f f e c t ( 3 ) ' . 
I t has been o b s e r v e d t h a t the c e n t r a l d e n s i t y o f 
a f i n i t e n u c l e u s i n LDE i s a lways s q u e e z e d i n 
c o n t r a s t t o t h e o p p o s i t e .behaviour i n HF.- T h i s 
f o l l o w s from a comparat ive s t u d y o f t h e n u c l e a r 
r a d i e i n both DM and Hartree -Fock (HF) Model w i t h 
Gogny ( 4 ) f o r c e . I t has been f u r t h e r shown ( 3 , 5 ) 
t h a t even h i g h e r o r d e r terms i n t h e LDE c a n n o t 
e x p l a i n t h i s n u c l e a r s q u e e z i n g e f f e c t and hence 
t h e v e r y c o n v e r g e n c e o f LDE i n n u c l e a r mass i s 
q u e s t i o n a b l e . 

Further a n a l y s i s by T r e i n e r , Myers and 
S w i a t e c k i ( 5 ) shows t h a t i n a d d i t i o n t o LDE t e r m s , 
one n e e d s ^ t some s t a g e a terra o f t h e t y p e 
e x p ( - C A-73) t o e x p l a i n t h i s s q u e e z i n g e f f e c t . 
On t h e otherhand t h i s e x p o n e n t i a l term can n o t 
g e n e r a t e t h e IEE terms a l r e a d y p r e s e n t and h e n c e 
c o r r e s p o n d s t o t h e n o n - l e p t o d e r m o u s e f f e c t . T h i s 
non- l ep todermous term as e x p e c t e d i s o n l y 
e f f e c t i v e i n t h e low mass r e g i o n . T h i s i s t h e 
b a s i s o f t h e r e c e n t F i n i t e Range D r o p l e t Model 
(FRDM) ( 6 ) f o r t h e masses o f n u c l e i . 

In c o n c l u d i n g t h e f i r s t p a r t o f IDE 
s t u d i e s on n u c l e i , we s e e t h a t m o d e l s based 
on LDE i s q u i t e s u c c e s s f u l f o r mos t o f t h e 
s t a t i c p r o p e r t i e s o f n u c l e i . However f o r v e r y 
s m a l l n u c l e i , t h e s e models are l i k e l y t o show 
d e s c r e p a n c e s i n ttye low mass r e g i o n . Hence n o n -
l eptodermous terms should be c o n s i d e r e d , w h i c h 
i n f a c t i s t h e b a s i s o f the r e c e n t FRDM ( 6 ) 
model f o r t h e m a s s e s o f n u c l e i . 
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' I I I . IDE OF FINITE NUCLEUS 1NCOMPRESSIBILITY(KA> 

.Before - g o i n g t o o b t a i n an e x p r e s s i o n f o r 
K», we must d i s c u s s i t s i m p o r t a n c e . Out o f a l l 
t n e n u c l e a r m a i l e r c o n s t a n t s , K^ remains u n d e t e r -
mined even* t i l l now. I t s v a l u e i s o f c r u c i a l impor-
t a n c e f o r t h e v e r y occurance o f supernova e x p l o -
s i o n s . "ence i t i s d e s i r a b l e t o g e t some i n f o r m a t i o n 
on t h i s - q u a n t i t y from l a b o r a t o r y n u c l e a r p h y s i c s . 
The most r e l i a b l e source has been t h e g i a n t i s o s c -
a l a r moriopole r e s o n a n c e s , t h e s o - c a l l e d b r e a t h i n g 
modes i n f i n i t e n u c l e i . These b r e a t h i n g mode 
e n e r g i e s can be used t o e x t r a c t Ka> i n two w a y s . 
J-n t h e f i r s t . approach , RPA c a l c u l a t i o n s o f t h e 
b r e a t h i n g modes a r e made i n s e v e r a l f i n i t e n u c l e i 
w i t h v a r i o u s e f f e c t i v e f o r c e s , each c h a r a c t e r i z e d 
by d i f f e r e n t v a l u e s of K^ . The f o r c e t h a t h a s 
t h e b e s t agreement w i t h e x p e r i m e n t i n d i r e c t l y 
d e t e r m i n e s K ^ . This approach g i v e s v a l u e s 
l y i n g i n t h e r a n g e 215 t o 230 MeV f o r t h i s q u a n t i t y 

\ K0o . The second approach ( 8 ) i s more d i r e c t i n 
t h e s e n s e t h a t t h e b r e a t h i n g mode e n e r g i e s a r e 
e x p r e s s e d d i r e c t l y i n terms o f KA as 

•• KA - (m/fc 2 ) £ 2
b r . ( 1 ) 

and t h e n a d o p t i n g t h e s c a l i n g model f o r t h e 
b r e a t h i n g mode e n e r g i e s E. , a H)E o f K^ can be 
o b t a i n e d , which i s g i v e n By 

Ka« K v + K s f A ~ V 3
+ K v s I 2 + K c o u 1 Z 2 A - Z , / 5 + . . . ( 2 ) 

Eqn. ( 2 ) when f i t t e d w i t h t h e b r e a t h i n g mode 
d a t a , p e r m i t s i n p r i n c i p l e t o o b t a i n n o t o n l y 

( i d e n t i f i e d a s Kco i n t h e s c a l i n g model ) b u t 
• a l s o o t h e r c o e f f i c i e n t s K K y s e t c . • 

Here i n t h e p r e s e n t t a l k we s h a l l 
d i s c u s s t h i s LDE o f K. i n d e t a i l and t h e s u b s e q u -
e n t c a l c u l a t i o n o f v a r i o u s c o - e f f i c i e n t s i n 
S e m i i n f i n i t e N u c l e a r Kat ter (SINM) ( 9 ) u s i n g 

. v a r i o u s d e n s i t y dependent Skyrme f o r c e s . T h i s 
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w i l l h e l p us t o examine t h e convergence of t h e 
IDE o f K . # F i n a l l y we s h a l l conc lude r e g a r d i n g 
t h e p r e s e n t s t a t u s o f t h e e x p e r i m e n t a l f i n d i n g o f 

I D E OF K a 

The t o t a l energy of a n u c l e u s (assumed 
s p h e r i c a l ) can be w r i t t e n as 

E - e " ( \ , S C ) A + k A R \ ( ^ f $ c ) 
+8 ^ R b,j ( ̂  » 8 c ) + (3) 

Where ( Sep ) / S c • e ° ° i s the energy 
p e r nucleon- i n i n f i n i t e n u c l e a r m a t t e r w h i l e bQ 

and b* r e l a t e t o s u r f a c e p r o p e r t i e s a s d e s c r i b e d 
i n . / S I N M ( 9 ) . The mass number •A' be ing g i v e n 
by , can be i n v e r t e d t o o b t a i n 

R « ( % / ) V 3 ( r 0 A V 3 - c Q a 0 ) + 0 ( A ^ 3 ) ( 4 ) 

Where S 0 i s t h e e q u i l i b r i u m d e n s i t y o f symmetric 
i n f i n i t e n u c l e a r m a t t e r (INK), a i s the v a l u e 
o f a = a f i n t h e g e n e r a l i z e d Fermi d i s t r i b u t i o n 
f o r ¥he d e n s i t i e s g i v e n by 

^ 3c <y 

do 
c o « * l l * e x p ( - y ) ! > - l ] ( 6 ) 

The volume and s u r f a c e q u a n t i t i e s can be expanded 
i n a s e r i e s i n 

€ « ( ^ - % ) / S o and s c a s 

e°° ( S ^ i $ c ) « a v + V18 K ^ 2 " - Y162 K* e 

• S * ( J+Y3 L € • • ) 
• S * C M + ^ 3 + ) • 



b 0 < C c ) » <52 + Y3 c e + i /18 D € % 
+ IV V3 Le + 

b 1 ( St , ^ ) - + V3 X £ + V18 Y e 2 - + (?) 

Where e> = — I — a , and t -2 J?U a r e Q s f t> I 6 7 ^ r 0 

r e s p e c t i v e l y s u r f a c e e n e r g y and s u r f a c e s t i f f n e s s 
c o e f f i c i e n t s , and y 0 i s t h e c u r a t u r e e n e r g y c o e f f -
i : i e n t g i v e n by 

V o * 8 ? T r 0
 a c v + c o a o 

These t h r e e q u a n t i t i e s are d e f i n e d w i t h r e s p e c t 
t o t h e e q u i l i b r i u m c o n f i g u r a t i o n o f SINM and a l l 
o t h e r q u a n t i t i e s a r e d e r i v a t i v e s o f t h e s e t h r e e 
a t l i m i t i n g d e n s i t y . 

F i n a l l y t h e LDE i n K. i s o b t a i n e d by u s i n g 
t h e s c a l i n g model o f n u c l e a r c o m p r e s s i o n s g i v e n by 

nfS^C*7?), 
w h e r e i s t h e s c a l i n g f a c t o r . Then 

k . = f d ? e & n 

w h e r e S ^ ^c. ^ ^ ) i s o b t a i n e d by m i n i -
m i z i n g e q n . ( 3 ) w i t h r e s p e c t t o £ and S e 
f o r a g i v e n v a l u e o f I and A. Then a t e d i o u s 
a ln - 'bra l e a d s t o t h e LDE e x p r e s s i o n ( e q n . 2 ) o f 
K a ( . d e t a i l s can be found i n R e f . 1 0 ) . 
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C a l c u l a t i o n o f C o e f f i c i e n t s ; -

As ment ioned e a r l i e r a l l t h e i n c o m p r e s s i -
b i l i t y c o e f f i c i e n t s o f IDE c o n s i s t s o f q u a n t i t i e s 
r e l a t e d t o INM and SINK p r o p e r t i e s o f n u c l e i . For 
t h i s c a l c u l a t i o n we have used v a r i o u s ( 9 ) Skyrme 
( 1 1 ) f o r c e s . For SINM r e l a t e d q u a n t i t i e s we u s e 
ETF-Skyrme f o r m a l i s m ( D e t a i l s i n R e f . 9 ) . Th i s c a l -
c u l a t i o n y i e l d s a l l the i n c o r a p r e s s i b i l i t y c o e f f i -
c i e n t s which a r e p r e s e n t e d i n Table 1 f o r t h e f o u r 
Skyrme f o r c e s t h a t we have c o n s i d e r e d . One can 
e a s i l y s e e from t h i s t a b l e t h a t t h e 2nd order symm-
e t r i c term K^I** can be t o t a l l y n e g l e c t e d . 

D i r e c t c a l c u l a t i o n o f KA 

S c a l i n g model a l s o h e l p s t o d i r e c t l y ( 1 2 ) 
c a l c u l a t e K, from t h e s c a l i n g behaviour o f t h e 
e n e r g y d e n s r t y f u n c t i o n a l i n Skyrme-ET? approach, 
from t h e d e f i n i t i o n 

Ks 1 

where ^ i s t h e s c a l i n g p a r a m e t e r . Then K? can 
be e a s i l y c a l c u l a t e d i n t h i s approach . Two d i f f -
e r e n t s e t s o f f i n i t e - n u c l e u s i n c o m p r e s s i b i l i t y 
c a l c u l a t i o n s a r e p e r f o r m e d . 

i ) N=Z n u c l e i . Coulmb f o r c e s w i t c h e d o f f : -
For s u c h n u c l e i LDE o f KA r e d u c e s t o 

KA = K v + K s f A _ V 3 + K t v A _ Z / 3 

w h i c h e n a b l e s u s t o make a t e s t o f t h e c o n v e r g e n c e 
i n powers o f A~v& . The r e s u l t s so obta ined f o r 2 3 
n u c l e i w i t h 10 4 A < 6000 f o r v a r i o u s Skyrme f o r c e s 
a r e p l o t t e d i n F i g . 1 . The y - a x i s i n t e r c e p t g i v e s 
K s f w h i l e t h e s l o p e g i v e s K c v . The agreement o f 
t h e s e v a l u e s w i t h t h o s e o f SINM c a l c u l a t i o n s i s 
q u i t e s a t i s f a c t o r y , which i n d i c a t e s t h a t IDE o f Ka 
i s c o n v e r g i n g r a p i d l y . 
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Table 1 . Coefficients ofCJbptodermous expansion (MeV) 

SkM iUTP SkA 

K v 216.6 239.5 263-1 355.4 

• Ksf -230.9 -260.6 -234.6 -375.4 

Kvs -349.0 -333.3 -441.1 - 4 5 6 . 0 

Kooul -4.94 -5.14 -6.07 

\ 33.3 -5.7 105.9 -19.3 

K s s if96 • 6 312.6 374.6 383.4 

Kcv -129.0 -140.7 -142.3 -149.2 

- 0 0.1 
A"1/3 

0.2 0.3 0.4 

-300 

y 
(MeV) 

- 4 0 0 

- 5 0 0 b 

SkM" 

Fi 



i i ) R e a l N u c l e i 

In order t o s t y d y t h e r o l e o f s u r f a c e 
symmetry term K I 2 we h a v e A a l s o . c a l c u l a t e d 
K^ o f r e a l s p h e f l c a l n u c l e i l i k e 1 D 0 , °CA, ^ 8 C a t 

* N i f
 9 0 Z r , 1 1 2 S n , 1 3 2 S n , 1<>0Ce and 2 0 8 P b , 

a l l w i t h the CToulomb f o r c e switc ,hed on . Then we 
p l o t t h e q u a n t i t y 

Z K a - K v - K s f A-V3 _ K o v A - 2 / 3 . ^ Z ? A t V 3 

~ Ksym l 2 v e r s u s I2A""y 3 in t h e F i g . 2 . 

From the graph we can e a s i l y s e e t h a t s u r f a c e 
symmetry term i s s i g n i f i c a n t f o r r e a l n u c l e i f a r 
from s t a b i l i t y s u c h a s 1 A l s o we h a v e 
p l o t t e d i n F i g . 2 ( s t r a i g h t l i n e ) K A-** w i t h 
t h e SINK v a l u e o f K . The agreement i s remarkably 
g o o d . 

Thus we s e e t h a t our I n c o m p r e s s i b i l i t y 
c a l c u l a t i o n s b o t h i n t h e d i r e c t s c a l i n g model 
approach and i n SINK model shows t h a t IDE o f 
i n c o m p r e s s i b i l i t y i s c o n v i n c i n g l y . , - c o n v e r g e n t 
i f t h e c u r v a t u r e and s u r f a c e - s y m m e t r i c t e r m s a r e 
t a k e n i n t o a c c o u n t . 

Computat ion o f K ^ from B r e a t h i n g Mode Data 

R e c e n t l y Sharma e t a l ( 1 3 ) used t h e LDE 
o f i n c o m p r e s s i b i l i t y i n an e r a p e r i c a l f i t t i n g 
o f t h e Groningen d a t a ( 1 4 ) t o o b t a i n a l l t h e c o e f f -
i c i e n t s a l o n g w i t h YL̂  . They f i n d t h i s v a l u e t o be 
300 ± 25 MeV. However f o r t h e f i t t i n g p r o c e d u r e 
t o s u c c e e d , more d a t a i n t h i s r e g a r d i s d e s i r a b l e . 

I I I . G e n e r a l c o n c l u d i n g Remarks 
I n g e n e r a l , we s e e t h a t n u c l e i can be 

f a r e l y c o n s i d e r e d a s l e p t o d e r m o u s . I t i s t r u e both 
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f o r t h e s t a t i c p r o p e r t i e s o f n u c l e i l i k e mass , 
d e n s i t y , r a d i u s e t c . and f o r dynamic p r o p e r t y 
l i k e i h c o m p r e s s i b i l i t y i n s p i t e t h a t n u c l e i are 
complex many-body s y s t e m s . We have a l r e a d y ment-
i o n e d t h a t t h e l e p t o d e r m o u s f e a t u r e i s a m e n i f e s -
t a t i o n o f t h e s h o r t - r a n g e n a t u r e o f the n u c l e a r 
f o r c e and i t s s a t u r a t i n g p r o p e r t y . Of c o u r s e t h e 
m o d e l s based on t h i s f e a t u r e - h a v e some s h o r t c o m i n g s 
wh ich are predominant o n l y i n l i / r h t - m a s s n u c l e i . 
As f a r a s n u c l e a r mass i s c o n c e r n e d , t h e s e s h o r t -
comings can be more or l e s s r e c t i f i e d w i t h t h e 
i n c l u s i o n o f a n o n - l e p t o d e r m o u s e x p o n e n t i a l t erm. 
Regarding i n c o m p r e s s i b i l i t y , i t s LDE w i t h i n t h e 
framework o f s c a l i n g model i s f a r e l y c o n v e r g e n t 
and can be used t o . o b t a i n t h e y e t - u n d e t e r m i n e d 
n u c l e a r m a t t e r parameter K^, . Recent f i t t i n g 
p r o c e d u r e o f t h i s q u a n t i t y r e s u l t s i n a s s i g n i n g 
a v a l u e e q u a l t o 3 0 0 ± 25 KeV. 
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