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[lpennaraerca HOBOe BhipameHue AN NOBEPXHOCTHON 9HEpPrHHM sapa
B dopMmanudMe INOTHOCTH 3Heprax. Pas3doie N—N B3awmoaeicTBds, KOTOpHIE
COTJIACYITCH C BKCASPRMEHTATLHLIMH LAHHLIMA IPHBOAAT K PA3YMHBIM i
AHAYEHHAM NOBEPXHOCYHOH 2Hepruu aopa, OAHAKO HOH-HOHHBIR NMOTeHHHAAT
CHABHO MEeRJeTCH.
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On the Burface Energy of HNucleil

The surface energy of nucleil in the energy density
formalism has been reconsidered and modified. A reaso-
nable surface energy value of a separate nucleus comes
out at any choice of the attractive part of the N-N
interaction which agrees with experiment. However, the
surface interaction potentials turn out to be sensitive
to the specific choice of the two-body interaction and
they display an additional sttraction in the peripheral
overlap region.

The investigation has been performed at the
Laboratory of Theoretical Physics, JINR.
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The statistical theory of nuclei (the energy den-
sity formalism - EDF) has recently been very succes-
sfull in the description of bulk nuclear properties
such as binding energies, f_-wgr?ge nuclear sizes
and density distributions /' *#/. The EDF might be
also applied to the calculation of ion-ion interaction
potentials. The latter are rather important and use-
ful for the theoretical analysis of heavy-ion reac-
tions /36/. The basic assumption of the theory con-
cerns. the choice of the energy density « (p ) that
determines the total energy functional: - '

E = [e(p)dr,

where p is the nucleon density distribution. The
volume energy partof ¢(p ) 1is well established
by nuclear matter calculations. A surface correc-
tion ¢, {p) added to the volume energy, accounts

for the finite size of the nucleus:

2
e (p) =7 -8% (v p)2.

The origin of this gradient correction is not
completely clear, so 7 is-deliberately kept as a
phenomenological parameter to be determined from
experiment. Energy density potentials in the sudden
collision approximation yield consistently lower

. values of critical angular momenta when set against
experiment /7/ That comparison implies an inade-
quacy of the EDF interaction potentials, and it is
possibly due to the surface correction, which is the
least justified quantity of the statistical approach.
Therefore, to study the origin and the behaviour



of the surface energy in further detail is of great
importance, and it is the purpose of the present
paper as well.

The surface correction to the total energy can be
formally obtained from the following approximate
expression for the energy /1/,

E == [p () p(}) V(3-7)d3 47 . (1)
If the density p (; ) is assumed to be a slowly vary-

ing function, one can perform a gradient expansion
around X-7y , and eq. (1) reduces to: )

E=-;—:-" fp2(i')dr——§—‘f(vp(}))2dr', (2)
where
C, = fV(nd?, clggl_ fV(rtdE. (g

The first and second terms in eq. (2) correspond
to the volume energy (proportional to the aumber of
nucleons A ) and to the A2/3 term, respectively,
in the Weizsacker formula. The result of the density
gradient expansion (2) can be obtained, if we insert
into eq. (1) the following separable nucleon-nucleon
interactions:

V(i’u;)=c05(§-‘y’) » CLAB(X—Y ), )

where 5(X) is the vector delta-functions. It becomes
clear that the gradient expansion leads to an exact
expression for the total energy, if V{(%-¥)is given
by eq. (4). Hence, to find an expression of the ener-
gy, which will allow for a separation of the surface
inhomogeneity correction avoiding the density gra-
dient expansion, ‘is of great intérest. Let us define,
for this purpose, the function ¢ (g )-:

Ad(il) aV (), (5)



where V(1 ) is the nucleon-nucleon potential. The
insertion of expression (5) into eq. (1) gives the
following result:

E =[a()yp(X)v p(X+u)dx du +
1 -+ - - -+ -» - (6)
+ 5 fe(u) p(X+u)yp(x)dx du.

It is easy to verify that, if ¢(u ) is of the type:

6 (§) = Cy /dn — - C () , @

expression (6) is identical to eq. (2). We should

note that the first term in the right-hand side of

eq. (7) generates the volume energy, while the second
one is responsible for the surface energy in the
sense of eq.(2).0Obviously, either of the terms in ex-
pression (6) contain both volume and surface energy.
An explicit separation of the surface energy requires
separability of ¢(u), respectively V(7). We de-
fine, therefore, the surface energy correction in

the following way:

E_=1/2 fvp(®) vp(R+d) ¢ @ dZ AT ,  (8)

where ¢ =¢p(u) -~ Cy /dn X

The above definition is a generalization of the sur-
face correction following from a gradient expansion
of the density, 1.e., expression (2) is obtained from
eq. (8) when & (u ) is given by (7).

The new definition of the surface energy provides
with a possibility to aveid the density gradient ex-
pansion and, furthermore, it requires the determi-
nation of #(d) on the basis of a more realistic
N -N potential.

Numerical calculations of the surface energy E ¢
of 160 and the surface interaction potential V_{R )
of the 50— 160 system are carried out as an illust-
ration. A square potential well with a finite core is
taken as an N-N interaction:



Vir) = Vi sr oLy (9

4r 17 - |

When V(r } is determined by eq. (9) #(r ) becomes:

_ _‘é’_n_rz . (;‘%“_"J_)_ r2, V1,
{

O0<r <r
1 C
Vv V.-V 1 V.

H(r) = -2, -(-—Q__ir)3—+-—lr2 r<r <r

6 3 ¢ 2 !

3 3
(Yo e _‘_{_'Lr'___'_r_*_,)__] I
3 r I

(10).

In order to simplify the calculations, we use a3
one-parameter density distributions of 160
- 2 r 2
plr) =pge , (11

where a2 =021 This value of ;5 follows from the
expenmentally observed mean square radius of
190 ( trpe =~2.7fm) .
Thus, we finally obtain:

a2 .2

5/2 oo - —g—
Eam = pha [4,(0 e (=25 ~rB)ds
i a

a2R2 ’ ;._‘1_2"_2
-5 0 ]
v LA T e
s \/2 )}
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2¢4 R 22 r 242R

Sh(aer)Jru%Ch(aerHdr,

G

(12}

where R is the relative distance between the
centers of mass of the two nuclei. )
The square well parameters are /8/ .

£ =05fm, r;=22fm, ~ISMeV> V; >-40MeV.

The above range of values of V; is in a satis-
factory agreement with experimental data on
scattering, binding energy of the deuteron and the
nuclear matter saturation curve.

When V, =-35MeVand Vg = 2300 MeV the sur-
face of 150 is ‘of the order of 75 MeV which agrees
well with other estimates /1% %/ Table 1 contains
a few sets of Vg and V; values and they yvield the
same value of the 0 surface energy. The surface
interaction potential of the 60— 150 system is com-
puted for each setof ¥ and V; values. The
curves V. (R) are displayed in fig. 1 together with
the result of the gradient correction calculation

Table 1

Setsof Vy and V values used in the present
paper for the calculation of the 190 surface energy
and the surface interaction potential of the 160_16Q

system _
Vi (MeV) Vo (MeV)
-40 2700
-35 : 2300
-30 2000
-25 - 1700
~20 1400
-15 1100
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Surface intervaction energy of thel®p_ 160 Sys-
tem. Dashed curve is the result of the standard
gradient correction. Solid curves correspond to the
present calculations at different vaiues (indicated
in the figure) of V.

: 2 - -
(V (R} =q S—hﬁ IV p (%) sz(?()dX,

where 7 = 15).

It is seen, that while a reasonable value of the
"0 surface energy can be obtained for a large num-
ber of Vg and V; values, the latter generate, ho-
wever, quite different potenails V. {(R}.The surface
ion-ion potential is from 2 to 10 times more attrac-



tive when compared with the result of the gradient
expansion in the acceptable range of variation of v,.

All medium and heavy nuclei have similar surface
layers. This peculiarity together with the intensive-
ness of the surface energy to details in the N - N

interaction explain the success of the previous para-
metrization

h2 , o 2
7 B—M—(\P)

applied to a wide range of nuclei with an universal
value of 5. That does not hold, however, for the
case of the surface interaction potential. The latter
displays a pronounced sensitivity to the specific
choice of the N-N potential attractiveness. A stron-
ger attraction of the N-N interaction leads to
a deeper V_ (R) curve. Thus, the new energy den-
sity potentials come in a qualitative agreement with
the results of other phenomenological methods/9,10/
It should be pointed out, in conclusion, that
although the energy density formalism is very suc-
cessful in the description of bulk nuclear proper-
ties, its surface correction term must be carefully
reconsidered before calculating heavy-ion interaction
potentials.
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