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Doublet Separation in Nuclei from Signell-Marshak Potential
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The spin-orbit splittings for the l = 1 and l =3 levels of Ca4' and l =2 level of 0'7 have been calculated in the
spirit of Brueckner s theory in the erst Born approximation from the spin-orbit term that Marshak and
Signell have added to the two-nucleon Gartenhaus potential. The results obtained are much larger than
those obtained from the conventional tensor force in second order.

II. CALCULATION OF THE DOUBLET SPLITTING

Signell and Marshak' have added the following spin-
orbit term to the Gartenhaus potential':
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where Ve ——30 Mev, re ——1.07X10 "cm, r, =1/M=0. 21
X10 " cm, S=2(sr+e~), and L=(rXp). The inter-
action energy due to this spin-orbit term is
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where f~ and P2 are the wave functions of the extra core
nucleon and the core nucleon, respectively, and the
summation is over the core particles 2. ID and I~ are the
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I. INTRODUCTION

ECEXTLY, on the basis of Brueckner's theory,
many calculations have been carried out to explain

the doublet spin-orbit separation in nuclei as arising
from the tensor force of the two-body interaction. The
tensor force in general seems to give too small a contri-
bution to the splitting. ' ' Bell and Skyrme4 have ob-
tained the doublet splittings from the experimental two-
body scattering data. Since the Signell-Marshak'
potential gives good fit to the two-body scattering data,
it is of interest to evaluate the doublet splittings it
predicts in nuclei. We have attempted here to calculate
this in the framework of Brueckner's' theory.

direct and exchange contributions, respectively. In the
first Born approximation ID is given by
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and q=k —k', K=kr+k2, k=-,'(k, —k2); K'=k '+k&',
k'=-', (kr' —k2'); u=r, /re, ji is a spherical Bessel func-
tion. Ix is obtained from ID by interchanging kr'
and k2'.

Upon introducing the Fourier transforms of the core
wave functions, the result of the summation over the
core particles can be replaced by a mixed density func-
tion p(ri, r2). Kisslinger' has shown that p(rr, rg) can be
approximately separated in terms of R=2(rr+r, ) and
r=rr —r2 in the form p(R) exp( —yr') with y=4.61/Re',
80=1.18X10 133& cm. We shall make use of this ap-
proximation. Then we obtain
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Now an integration over one of the variables, say k2',
can be carried out because of the 8 function. Then
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where TAsLz I. Splittings in Mev.

D(ki, ki') = d'kd'r
" [ki(~IF Observed

Calculated
a =1.0 a =1,5

Xexp[ —yr'+i(k, ——',p —2k) r]
X(-' [kX13)"o(P),

(6)

Ca4'(l = 1}
Ca41 (l=3}0"(l=2)

0.5)2.0
5.0

0.13
1.31
1.02

0.36
1.06
0.78
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and p= ki' —ki. Here k» is the Fermi momentum equal
to 1.29/10" cm '. Since the maximum contribution to
hE comes from where p=o, we evaluate D and X at
this point. This gives the leading term of hE pro-
portional to dp/dR. The higher terms in the Taylor
expansion of D and X will give terms involving higher
derivatives of p. Then we have

where the upper line holds for j= i+-', and the lower line
for j=l——,'. F~(k») and Fx(k») were calculated nu-
merically from Eq. (8). We found that [FD(kp)
+Fx(k»)] has the value [53.7+11.6jX10 "Mev cm'
for Ca4' and the value [38.2+6.7]X10 "Mev cm' for
0".The doublet separation is obtained from Eq. (10) by
forming 6(AF)=DE(j=l+ —,')—DE(j=l—-', ). The re-
sult obtained for Ca" is
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The factor xa appears in Eq. (11)because this interaction
is nonzero only in the triplet spin states of the two-
nucleon system. An extra factor ~ would appear in Kq.
(11) if the Marshak term were nonzero only in triplet
isotopic-spin states. The magnitude of the splittings are
presented in Table I with this latter factor included.

For p(R) we have assumed'' a region of uniform
distribution bounded by a region where it falls oR from
its uniform value to zero linearly over a shell of thickness
uX of the nuclear radius Ep. The splittings presented in
Table I are calculated for the two values, a=1 and
a= 1.5.

III. DISCUSSION

~F.= [F.(k.)+Fx(k.)—j 2
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with y= k&r and @=k/k&. Let us consider the extra core
nucleon to be at the top of the Fermi distribution. Then
we can put

Pi (kg) = (2~) ib (k|—k») V P (ki),

Pg(kg') = (2m)'8(kg' —k») YP(kg'),

where F i' is the usual spherical harmonic and k1is a unit
vector along ki. Substituting (7) and (9) in Eq. (5), the
integrals over ki and ki' can be carried out. We obtain

The results obtained here are much larger than those
obtained from a tensor force in second order. Con-
sidering the fact that the higher order Born approxima-
tions could lead to an increase of the magnitude of the
splittings by about 50%,' we can expect better agree-
ment with experimental values. However, for 0", we
see from Table I that the discrepancy is larger. This
could be attributed to the approximation of separating
the mixed density function p(r&, r2) in terms of

p(R) exp( —pr') with y=4.61/Ro'. Since p is larger for
lighter nuclei, the presence of exp( —yr') in the r
integration reduces the value of [Fn+Fxj for light
nuclei. A more appropriate choice for the dependence of
this factor on 3 is probably also necessary to obtain
results agreeing with experiments.

IV. ACKNOWLEDGMENTS

The authors are grateful to the National Research
Council of Canada for the award of Postdoctorate
Fellowships.


