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Abstract
The modification of the dipole sum rule for the nonlocal
Tabakin potential is given in the framework of Levinger's quasi-
deuteron model. The included correlations cause an-increase of

about 60% for the value of the anomaly compared to the outcome

of the independent particle model.

I. Introduction
The modification of the sum rule éf Thomas—Kuhn—Reiche—Feenberg-—Siegertl
caused by nonlocal nucleon-nucleon forces has been the goal of sevefal investi-
gations. The simple case of exchange forces has been treated already a long

o -
time ago. 6 Dohnert and RoJjo studied the problem up to second order for a

potential with quadratic momentum dependence.8 For the Tabeakin potentialg—-

consisting of sets Of separable potentials-~the first order correction was calcu-

1 .
lated by Weigel and Suessmann. 0 The aim of this note is to take the higher

1
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correlations in the case of the Tabakin potential into account by using the
quasideuteron model proposed by Levinger g}_gl,ll In the second section we are
going to present the general formelism needed in our approach. The results

and discussion are given in Sec. III. ,

ITI. General Formalism
In the electric~dipole approximation, the integrated photonuclear crcss

section is given by

_ 2W?he
de Oy(E) = Zfon . : (Ir.1)

where the dipole sum is defined as follows.(|¢ ) denotes the ground state of

. *
the system, D is the dipole operator)

Zfon:'= —§—2-<¢|[[H,D],D]]¢) . (11.2)
n

The matrix element of the nucleon-nucleon force has the general form:

Tl IS~y T vy T oIS (2,
(r|vlr' )= Z Z Yo (F) |g ) Crastilvlrastne ) <5 | y{T () . (II.3)

JsST LL' T3M 3 3

Since the contribution of the kinetic energy is well known, we are only inter-
ested in the double commutator containing the potehtial energy. As is in Ref.
10 we neglect the neutron excess. For the quasideuteron model we have then to

deal with the following matrix element (Dc: = [[v,D],D]):

*
For more details and definitions we refer to Ref. 10.

¢
i
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= (4plngle, ) = €611 + Uh)DL(L + U )]0, )

= (o, IDglo, > + 2Re €9 |D, Uylo ) + 0(vF) . (T1.4)

+

The relevant quantities of Eq. (II.4) are defined in field theoretical formu-

lation as follows:.

A
60 = /_1__ e : o (1L.s)
S §=1 _
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. II.6
8, & ( )

.1 2 2 ot
Dy: = > Z Z (aB|(vd“ - 2vav + a%v)|yu? 8y 88 &, a, > (11.7)
aB  yu ‘
with:
dypt = (295 + 25t53)

With t we denote the isospin vector operator, n, is the occupal.ion number in the
shell-model. ]

The first term of Eq. (II.4) has been calculated for nuéléar'mltter in
Ref. 10. Making the same approximation, we obtain for the second ferm by use
of the commutator relations and insertion of momentum eigenfunctiéné the fol-

lowing result (m = h = 1):
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£(p; 501 5) | |
_ 8 . \P1oePyo 1
Fp = =733 fd1312 P12 3 _ P2 Z Z' Z' i 6T1+T2,T__;+Té 6T1+T2,0
: 12 12 1112 T1T2 0,9, 0102
# ( {p.0.1.0.7.|(v 2 (t, -t )2 -2r (t, -t )v-r (t, ,=tns)
12711722 13 .23 ~12° 713 "23 ~12' 13 "23°
+ (t 4, 12 22 v el oltlolt) ) x {p.oltlolt]|vlp, 0 1,01, ) (II.8)V
13 23 12 212711722 a.s. 212711 2 2 =1271°172°¢ ’ :
with:
, . ' , o
3 [ (lxp]-pp |k-p'|-pp\ [rp-lK+p] pp-|K-pl
f(psp'): = 55 | 5 0\———— )¢ 0 0 . (11.9)

Here, we label with o etc. the quantum numbers of the third component of

1 1
the spin, isospin operator 513» t13' The index a.s. implies complete antisym-

metrization with respect to the coordinates 1,2 and 1',2' ( (12-21{(..)|1'2'-2'1")).

In order to simplify Eq. (II.8) we use as usually the spherical average

\

f over the function f(p,p'), so obtaining

£(p, 0, ] L
2 (.2 v a2 HPypePyp) 12 1/2 1/2,T
For=-3 fpl2dpl2 P1o9P15 T3 5 Z Z {Caee1)w(1)5 1510

Pio - 12 JST LL'

. 2 2 ' ' ' vy,
% {py ISTL| (v r], + r], v)|pj, ISTL' ¥(p;, gsTL' |v|p,, JSTL
1]
+ + .
% (1 - ()T (1 - (0 Ty (I1.10)
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Since the potential matrix elements are'anélytical funetions of p, the derivatives
of <p|vlp' > with respect.to p or p', respectively, are obtainabie explicitly.
One can then proceed with the calculation of (II.10) using standard techniques

known from the second order energy.

IJITI. Results and Discussion

For the relevant dipole anomaly defined by

- o
c=h A Zfon-l—cl+02 , (I1I.1)

n

the obtained results are shown in Table I. An important correction arises from
the fact, that one should use in (II.6), (11.8),‘ and (II.10) consistent single
particle energies, which can be taken into account by the effective mass approxi-
mation. This causes an additional factor m* for 02. Tabakin gives the value

m* = 0.6. In Table I we have given both alternatives (m* = 1., n* = 0.6). A
cémparison with the reéults of Dohnert and Rojo shows, that we gét'slightly
higher values for C (m* = 1.). Due to the uncertainfies in the.experimental

determination of the integrated cross section the_théoretical rasult remains

within the experimental limits.ll A dark point is the order of C2 compared with
Cl’ Since both terms are--except for S-waves—-of the same magnitude, the con-

vergence remeins an open question.
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‘Table I. Dipqle anomaly as a function of the Fermi momentum (pF = l.52/ro).
The contributions of the different partial waves are displayed explicitly. For
each quantum number set the first row'corresponds to the IPM, the second gives

the change due to the correlations. The total outcome is given on the bottom
* ’ ' .
{m” = 0.6).

ro[F] : 1.00 1.07 . 1.15 1.24

-1 : '

pRlF ] 1.52 1.k2 S 1.32 1.22
1q 0.22 0.19 0.18 0.15
0 0.0k 0.0h4 0.0k 0.04
35 0.61 0.56 0.51 0.h45
1 0.12 0.13 0.13 0.13
3S _ 3D - - - -
1 1 0.19 0.19 - 0.19 0.19
3D _ -0.08 ~-0.08 -0.08 ~-0.07
1 0.06 0.05 0.03 0.02
Iy , 0.29 0.27 0.23 0.20
1 0.36 0.30 0.2k 0.19
3p 0.0L 0.03 0.01 0.01
0 -0.01 -0.01 -0.01 -0.01
3p _ 0.13 0.1k 0.1k 0.13
1 0.17 0.15 0.13 0.11
35 -0.10 -0.09 -0.09 -0.08
2 " 0.05 0.04 0.03 0.03
1D -0.09 . =0.09 -0.08 -0.08
2 0.01 0.01 0.01 0.01
3D -0.07 -0.06 -0.05 -0.04
2 o 0.13 0.11 0.09 0.07
3D i -0.18 -0.18 -0.17 -0.16
3 0.02 0.02 0.02 0.01

(continued)
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Table I. (continued)

r [F] 1.00 ~  1.07 1.15 1.2k .
| n
pF[F'l] 1.52 1.k2 1.32 1.22 ;
ol

0.95  0.88 0.81 0.13

1.1k 1.03 0.91 0.80

2.08 1.91 1.72 1.53

1.62 1.50 1.3 1.21
i
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