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Magnetic moments of LS closed shell nuclei plus or minus one 
nucléon have generally been revisited each time that new concepts have 
been introduced in the description of the nucleus. This was the case for 
instance with mesonic exchange currents. Ill, or high momentum components 
in the nuclear wave function 121, Presently, this is the case with possible 
relativistic effects 131. As these effects account for part of the dressing 
of the nucléon in the nuclear medium, it is expected that the relativistic 
approaches should a priori provide a better description of the magnetic 
moments of the above nuclei. In fact, results obtained in the mean-field 
approximation (see /4/and other references therein) are worse than those 
obtained in the simplest non-relativistic model which assumes a nucléon 
moving in the field of an inert core, the interaction being local (Schmidt 
values). Recently, several corrections which might affect the isoscalar 
part of these quantities have been proposed /5, 6, 7/ and, at first sight, 
somewhat improve the situation. However, a better understanding of their 
origin and relationship seems to be necessary. In /5, II, it is assumed 
that the magnetic moment is determined by the current at zero momentum 
transfer, what does not seem to hold quite generally. In /6/, the 
appropriate part of the current has been considered, but results are limited 
to the o-u model. 

Meanwhile , different attempts to- derive mesonic exchange currents 
(HEC) directly from the NN interaction have been done /8, 9/. Usually, 
these ones are put into the form of two-body operators, but they may give 
rise to a single-particle current after sunning over all contributions 
of the core nucléons. The HEC approach is generally supposed to be on 
a safe ground and has not been seriously questioned in the past. In the 
same spirit as the above attempts, one may think to start from some 
single-particle potential (or some Hartree-Fock Hamiltonian in the present 
work), instead of the two-body interaction, and derive from it a 
single-partiY.le interaction current to be used in calculating magnetic 
moments. The apparent advantage of this approach is to rely on quantities 
such as the effective mass or the single-particle spin-orbit force which 
are currently used to characterize some potential for the first one, or 
determined from nuclear spectra for the second one. As we will see, 
corrections obtained in this way are quite large and lead to discrepancies 
with experiment which are similar to those obtained in approaches based 
on relativistic mean-field approximations. This feature tends to show 
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that the problem raised by magnetic moments in these last calculations 
Is not especially a re lat iv is t ic one and probably has a more general 
character. Thus i t s study in non-relativistic approaches» beside the 
fact i t 1s easier, may help to solve or simply to shed some l ight on the 
same problem in re la t iv is t ic approaches. 

In this paper, we wi l l concentrate on magnetic moments, which 
depend on the derivative of the current with respect to the momentum 
transfer (in momentum space). However, for completeness, we wi l l also 
give the f u l l expression of this current. Indeed, at zero momentum transfer, 
i t has to f u l f i l l general requirements which stem from Galilean invariance 
(or Lorentz invariance in re la t iv is t ic cases) and i t is important to check 
them. On the other hand, i t may lead to El isoscalar transitions which 
have been given l i t t l e attention in the present context. The reason for 
that is probably the possibil i ty to use in this case gauge invariance 
to make them direct ly calculable from the one-body charge density ?.t the 
lowest order in the momentum transfer (Siegert theorem) and i t is known 
that in such an approach. El transitions have a dominant isovector 
character. This is not so when they are direct ly calculated In some 
mean-field approximation. They then lead to sizeable El isoscalar 
transitions whose discrepancy with experiment would be worse than for 
magnetic moments, thus extending the problem raised by these last ones. 

For our purpose, we work with NN effective interactions of the 
Skyrme type /10/ . Their main advantage is in their use which is rather 
easy, since they are bui l t from zero-range components. This is not very 
real ist ic, but suff icient to i l lustrate our aim. On thr other hand, i t 
has been shown that there is some simi lar i ty between such a force and 
the non-relativistic l im i t of interactions based on u and o-exchanges 

P 2 
up to order (-jj) / l l / . Thus, conclusions achieved here should not be in 
appropriate for the re la t iv is t ic case, as far as the effects under 
consideration can be attributed to two-body interactions in the 
non-relativistic picture. They may not be relevant for those effects which 
go beyond and are impl ic i t ly taken into account in re la t iv is t ic approaches 
(three-body forces for instance). 

The Skyrme forces of the f i r s t generation (see /12/ for some 
review of their properties) are parametrized as follows : 
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v = Z . Vyfr.-r.) + 2-r v
3(rj.r-,r k) 

where 

V 2 ( W = l 0 ( 1 + V^'W + V^'W^ 2 

* t 2 5 r«(?j-7 2)p r + iW p r«(rj-r 2) x Pr.(oj + o 2) , 

with p r = (pj - f 2)/2 , 

v 3(rj, r 2, r 3) = t 36(rj-r 2)6(r 2-r 3). (1) 

They contain several parameters which are fitted on various nuclear 
properties. In practice, there are relations between t 0 > tj, t 2 and t 3 

which are almost linear and one can consider that they essentially depend 
on one parameter, which can be chosen as the nucléon effective mass : 

H*/H = (1 + 2M(3tj + 5tz)p{r)m)~l . (2) 

Here and in most of the following, proton and neutron densities are supposed 
to be identical. A low effective mass helps to get the appropriate 
saturatien properties of nuclear matter, but this is not absolutely 
necessary and one can also rely on the three-body part of the force, 
v,(r,, ~r„, ?,), to achieve the same goal. In between, there is a continuous 
choice for the effective mass. Our choice is H*/H - 0.7 at the nuclear 

_3 density of 0.15 fm . This is nothing mere than a representative value 
commonly quoted in the literature. The value of the strength of the 
spin-orbit term, W, is chosen as 1 = 120 MeV fra . As this term is 
essentially fixed by the energy difference between single-particle states 
corresponding to spin-orbit partners, it is rather well determined. 
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The Hartree-Fock Hamiltonian which results from (1) can bs written 
as : 

H H F » p(l/2M* - l/2H)p + U c(r) + V^t.l , '(3) 

with 
VoS, = 3/4.W/r.-^p(r). dr 

It depends on the nucléon velocity through the first term which is 
parametrized by the effective pass, M*, and by the third term which 
represents the single-particle spin-orbit force. It is well known that 
such terms contribute to the conserved currents of the theory, in particular 
to the electromagnetic one which can also be obtained for some part from 
(3) by making the minimal substitution, "pVp + eA(r) (1 + T 2 ) / 2 . In the 
spirit of the mean -field approximation, we neglect the center of mass 
motion of the other nucléons. Adding the part due to the nucléon intrinsic 
magnetic moment, this current may be written as : 

+ pvtv^kwi'/*. w 
Ms = 1 + v + wn = 0.880 , My = 1 + u - u n = 4.706 

(a.b) = ab + ba , [a,b] = ab - ba. 

The modifications of this current with respect to the free nucléon one, 
which affect only the proton part, have a clear origin. The part due to 
the intr insic magnetic moment of the nucléon is not changed, but i t would 
not have been so i f the spin-orbit term in (3) had been written 3i/4.W 
o - 5 p ( r ) « î instead of 3/4.Wj .? p ( r ) x p\ In such a case, the third term 
of th i current in (4), which we call spin current in the following, would 
be : 
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(5) 

I t differs from the similar one in (4) by a contribution which satisfies 
current conservation by i t se l f and reflects the sensit ivity to the precise 
origin of the spin-orbit coupling. 

I t is now possible to calculate from the current (4) the magnetic 
moment of nuclei with a LS closed shell ( 0 or Ca) plus or minus one 
nucléon. Their expression are given by : 

" ( j = "+ h) = e/2M. 

[(»£> +-hi <av r2» <i^> + <^*L>] . 
L H* 2i+3 oi 2 2 J 

" ( j = *- h) = e/2M ( 2 * - l ) /2*+ l . 

[H4>-^<-^>)<¥>-<^>]-
where 

<*L> = / d r r 2 M /M* ( r ) .R 2 ( r ) , 

•<2HV r 2 > = / d r r* 2M V „ ( r ) R 2 ( r ) 
as. J as. s. (6) 

The radial wave function of the valence part ic le, R$(r), and the nuclear 
density impl ic i t ly present in (6) are obtained from solving the Hartree-Fock 
equations corresponding to (3). Results for the nuclei of current interest 
in this f ie ld ( 1 5 N, 1 7 F , 3 9 K and 4 1Sc) are given in Table 1, together 
with their relative deviations to the Schmidt values (in parentheses). 
Table 1 also contains similar results obtained from a re la t iv is t ic 
calculation in the mean-field approximation (they are taken from /HI). 
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Comparison with experimental results, which are displayed in 
the third column of Table 1, shows that non-relativistic and relativistic 
calculations evidence the same features. They go in the wrong direction 
in N, F and Sc, but in the right direction in K where, however, 
the effect is much too large. -It can be observed that the non-relativistic 
calculation does better in F and Sc, whereas it is worse in N and 

K. These differences are essentially due to the spin contribution and 
would have been smaller when using the spin current given by (5), 
corresponding to the alternative way to write the spin-orbit term in (3) 
mentioned in the text. For the largest part, the remaining differences 
can be attributed to the value of the effective mass, 0.7 here instead 
of 0.58 for the quoted relativistic calculation. Thus, it appears that 
globally, a non-relativistic calculation in the mean-field approximation 
does not do better than a relativistic one and that the problem of magnetic 
moments of LS closed shell nuclei, plus or minus one nucléon is more general 
than what it first seemed "to be. 

A more complete and correct calculation, which in fact has been 
performed in the literature for various nuclei /13/, supposes to start 
with the NN interaction given by (1) to derive from it the two-body 
corrections to the single-particle current. This can be done by making 
in (1) the minimal substitution, p -• p + eA(r)(l+TZ)/2. The two-body 
current so obtained is : 

Ĵ t„o-body " 4 (<^){(«<*-V T^-'^V T^l'lVj»'^ ) 

z z ^ + 

+ iu/2(6(r--r-j)i!ii- «(^jiÇijs^.-^xBi^i) x (î i + 0\) 

(7) 

From i t , one can easily derive an effective single-part icle current by 
performing the summation over al l core particles. We thus get the total 
single-particle current : 
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+ W/2̂  « ^(pfr^^-^tr^Hlr-r , ) 

+ io,. « fo.stf-fy] { V V < + VHMrJ ^ - P p ( r , . ) ) ) ) . 

(8) 

In this form, it can be compared to the one obtained directly 
from the Hartree-Fock Hamiltonian, j,(r), given by (4). Several differences 
appear. The "convective" part of the interaction current is no longer 
determined by the effective mass and it is possible to imagine cases where 
it is completely absent, as for instance for a pure central force of finite 
range, while the mean-field approach would provide some contribution. 
The current arisiny from the spin-orbit term in (1) appesrs with a different 
factor, 1 instead of 3/2. Finally, some spin contribution appears, with 
a strength 3 times smaller than the one given by (5). On the other hand, 
the contribution of the valence proton, proportional to p(r)(l+rz)/2, 
where p(r) is the total density, is always accompanied by the same 
contribution due to core protons, proportional to p"(r), in such a way 
that only the isovector part subsists in the case of equal neutron and 
proton densities. Apart from factors already mentioned above, this feature 
tends to reduce by a factor 1/2 the corrections to the Schmidt values 
obtained for a valence proton in the mean-field approximation. 

The counterpart of the new term, p^, in (8), or equivalently, 
the Suppression of the isoscalar part of the interaction current, is the 
appearance now of some contribution for valence neutrons. As a consequence, 
it is no longer possible to only consider odd-proton nuclei and it becomes 
appropriate to look separately at the isoscalar and isovector contributions 
of the current. We will see later on that there are other reasons to make 
this separation. In Table 2, we first present results calculated from 
the more correct expression of the current, j 2(r), given by (8), for both 
odd-proton and odd-neutron nuclei. Compared to Table 1, it can be seen 
that the situation has somewhat improved for proton-hole states ( K, 
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K), but is slightly worse in proton-particle states ( F, Se). This 
is mainly due to the spin-orbit interaction current whose contribution 
is here reduced by a factor 3. Part of the differences comes from the 
"convective" interaction current, but it is not as large as what one could 
expect from the suppression of its isoscalar component due to the fact 
that the coefficient now appearing in front of this contribution, 4(tj+t z), 
is larger by a factor 1.55 than the one appearing in the effective mass, 
3t,+5t,. Finally, a smaller part of the difference is due to the spin 
interaction current, which was previously absent with our way of writting 
the spin-orbit term in (3). It is interesting to note that it is only 
1/6 of the one which would have been obtained in writting this interaction 
as 3i/4.W o".pp(r)xp. 

As mentioned above, there, are corrections for odd-neutron nuclei 
arising from the electromagnetic interaction with the core protons. They 
don't really go in the .direction of an agreement with experiment, but 
the interesting feature now is that for both odd-neutron and odd-proton 
nuclei, discrepancies have the same magnitude, which was not the case 
in the mean-field approximation. This can be better seen by looking at 

. the isoscalar and isovector decomposition of the magnetic moments given 
in Table 3. As expected from the expression (8) of the current when P p = P n, 
there is no correction to the Schmidt values for the isoscalar part. This 
can also be seen directly from the corresponding two-body current (7). 
Indeed, one can easily check that the factor it contains satisfies the 
relation : 

since 
«(?1-rj)(«(f-fi) - «tf-f,» = 0 (9) 

What is important in getting this result is on one hand the Galilean 
invariance at the level of the NN interaction, which gives the difference 
of charge densities at points i and j , and on the other hand, the zero-range 
of the force. Corrections to the Schmidt values in the isovector case are 
not negligible and rather go in the wrong direction, but they are smaller 
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than what is obtained in the mean-field approximation. Altogether, this 
situation is welcome. In the isoscalar case, corrections to expect from 
other sources (configuration mixing, relativistic kinematics) are rather 
small /2,14,16/ and have almost the size of what is needed to get agreement 
with experiment. In the isovector case, these corrections, which come 
mainly from configuration mixing, are larger and, there also, can explain 
a sizeable part of the remaining discrepancies with experiment. 

We now consider in more detail the origin of the differences 
between the two approaches used in this paper, whose results have been 
given in Tables 1 and 2. Essentially, they differ by the order of the 
operations which lead from the two-body NN interaction to the effective 
single particle current : average over the core nucléons and derivation 
of the electromagnetic current through the minimal substitution, 
p+p+eA("f)(l+tz)/2. From its construction, the current derived from the 
Hartree-Fock Hamilton!"an,-, H„p, is a conserved one since it verifies the 
following continuity equation : 

[ H H F . j0(r)] = iî.jjtr) , 
where 

j 0< ?> = ^ t ^ W r - r , . ) (10) 

It thus seems that j,(r) has the essential properties to represent the 
electromagnetic current. In principle, the continuity equation should 
involve'the total original Hamiltonian on the l.h.s. of (10), and not 
H^p but if this one is a good approximation, it may still be thought 
that jj(r) describes the correct current. In fact, this statement is 
misleading. A more careful analysis reveals that what is neglected in 
replacing the total Hamiltonian by Hur has precisely the same order of 
magnitude as the contributions to the interaction current arising from 
this one. Consequently, the current derived from the Hartree-Fock 
Hamiltonian has to be corrected for. 
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At this point, it is worthwhile to discuss the relationship 
of the above results to the Galilean invariance. In this respect, the 
current J 2(r), given by (8), is quite satisfying as the total 
electromagnetic current of a nucleus at q = 0 behaves like Z.P/(MA) as 
It should be (i* is the total momentum), while jj(r) would lead to some 
renormalization by a factor representing the average of M/M*(r) over the 
proton density. The difference as to the total current between both 
approaches is due for a part to the fact that the Hartree-Fock Hamiltonian 
breaks the Galilean invariance. Thus, the first effect of correcting the 
current obtained in the mean-field approximation is to restore properties 
related to this symmetry principle. A similar result obviously holds for 
El isoscalar transitions. Consequences for magnetic moments, which involve 
the derivative of the current with respect to r (in configuration space), 
are not so clear and it is then necessary to know where the interaction 
currents come from. We presented here results when they take place at 
the level of the two-body NN interaction. To emphasize the relevance of 
this point, we will mention that in the spirit of the mean-field 
approximation, one can develop a model of the nucleon-nucleus interaction 
described by a potei..ial such as (3), but Galilean invariant. The total 
current (at q = 0) and El transitions have then the correct properties 
which stem from this symmetry, but magnetic moments are now close to those 
obtained in the mean-field approbation (corrections are of the order 
of 1/A). It thus appears that treating the core nucléons as a whole system 
without structure, in the spirit of the mean-field approximation, or an 
assembly of objects free to interact individually with some valence nucléon, 
leads to different results for magnetic moments, while giving the same 
result for the total current at q" = 0. 

After having done a complete study of the non-relativistic case, 
we compare our results to those of relativistic approaches and draw some 
conclusions. We saw that provided that the coupling 3i/4.Hj .j5p(r)xj5 is 
used for the single-particle spin-orbit term in the Hartree-Fock 
Hamiltonian, lesults are very similar to thos? of a relativistic calculation 
in the mean-field approximation (o-m model). One can convince oneself 
that this similarity is not fortuitous and that it occurs for each part 
of the current ("convective", spin and spin-orbit parts) at the lovest 
order in the interaction. Thus, from our study, it is possible to foresee 
what a more complete relativistic calculation w1 il give. The first and 
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most important point concerns the suppression of the isoscalar corrections 
to the Schmidt values obtained in the mean-field approximation. This has 
recently been obtained by various ways in several re la t iv is t ic nuclear 
matte' studies /5,6,7/ . In spite of the appearances, the origin of this 
result, which involves the vector component of the <a-exchange in the 
<•-<•> model, is essentially the same as here since this component precisely 
tends to restore the Galilean invariance of the whole NN interaction due 
to a and u exchanges, lost at the level of the mean-field approximation. 
I t is not completel.. restored however, but this does not really contradict 
the principle of Galilean invariance. Indeed, what is le f t is proportional 
to the 0 order interaction in (p/m) multiplied by a factor ((p,+p\,)/M) 
and leads to the well-known relativist.ic correction due to binding which 
affects the current when going from a non-relativistic t t a re la t iv is t ic 
picture (p/M *p/(M-IEg E D ) . There is obviously some close relationship 
between these contributions and those which lead to slight ^normalizations 
of the isoscalar gyroniagnetic factors in /67 (last reference) or also 
in re la t iv is t i r approaches involving some backflow correction /5,6,7/ . 
On the other hand, we saw that the zero-range of Skyrme forces was essential, 
beside Galilean invariance, to get vanishing corrections to the isoscalar 
Schmidt values in the present work. One can anticipate that a non-zero-range 
force should affect this cancellation, here as well as in re la t iv is t ic 
approaches. From our study, i t is also possible to infer some predictions 
for more complete calcul. -tions of isovector magnetic moments in re la t iv is t ic 
models. Thus taking into account the exchange term in the o-u model should 
not change very much the "convective part" of the .orrections obtained 
in the mean-field approximation, but should roughly reduce the spin-orbit 
and spin ones by factors 1.5 and 3 respectively. 

_ We now want to se-î whether the difference observed in the non-
re lat iv is t ic case between the current obtained from the Kartree-Fock 
interaction and the one corresponding to the total interaction 
also extends to the re la t iv is t ic case. The situation is somewhat puzzling 
in this case, at least in the o-i» model, as formally both currents have 
the same expression, j (o-n>) = F Y ( 1 + T 2 ) / 2 *. In fa r t , present re la t iv is t ic 
approaches do not consider the whole interaction and only retain the part 
which involves positive energy single-particle states (relat ively to the 
Hartree-Fock Hamiltonian) . They neglect excitations involving negative 
energy states whose contribution is necessary to assure that j (o-u) 
is a conserved current and therefore this one has to be corrected for 
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having eliminated some degrees of freedom in the nucleus description. 
This i s quite analogous to the non-relaVWistic case where MEC are 
introduced to take into account degrees of freedom not exp l ic i t ly 
incorporated in the nuclear wave function, but essential to get the current 
conservation. 

In this paper, we have shown that the problem of isoscalar magnetic 
moments in present r e l a t iv i s t i c nuclear theories i s not charac ter i s t ic 
of them and also occurs in non-re la t iv is t ic approaches. From our study, 
i t turns out that the problem takes i t s origin in the fact that the 
mean-field approximation neglects some specific features of the underlying 
interaction such as the Galilean invariance and that th i s fa i lure has 
to be corrected for. Consequently, currents obtained from some Hartree-Fock 
Hamiltonian have to be completed. For the total current of a nucleus, 
or for El t rans i t ions , these further contributions are essential to recover 
resul ts which simply stem from general symmetry arguments. For magnetic 
moments, which are known to be sensit ive to the precise way to write the 
interaction (see the spin-orbit example briefly described in the t e x t ) , 
i t is important to know where the interaction currents come from. I t i s 
usually expected that they will originate from the NN interact ion, rather 
than from the nucleon-nucleus interact ion. In such a case, our study with 
Skyrme forces shows that their Galilean invariance together with the 
zero-range are essentia! to get vanishing corrections to the Schmidt values 
of the isoscalar magnetic moments. This is in agreement with other 
approaches where a similar resul t was obtained somewhat differently / 5 , 6 , 7 / 
and one can consider that the major d i f f icu l t ies in th i s case are on the 
way to be solved. For the isovector case, our study shows that there i s 
no straightforward relationship between the Hartree-Fock Hamiltonian and 
the electromagnetic current. Corrections, which are indirect ly due to 
exchange terms, do occur and rather tend to a l levia te the d i f f i cu l t i e s 
which are also encountered with isovector magnetic moments calculated 
in the mean-field approximation. 

Compared to experiment, our final resul ts are not quite sat isfying, 
since corrections to the Schmidt values go sometimes in the wrong direct ion, 
or are too small. Such a situation is less dramatic than i t seems to be 
a t f i r s t sight and i s somewhat similar to the one arising from considering 
MEC contributions which partly account for such corrections /2 ,14 / . However, 



-14' 

a closer examination indicates that those corrections calculated here 
ore probably larger than in the HEC approach. This is due to the fact 
that MEC usually neglect the presence of a genuine velocity dependent 
term which is an important ingredient of the most recent models of the 
NN interaction /15/. For another part, this is due to the fact that the 
strength of the single-particle spin-orbit derived from realistic NN 
potentials is believed to be too small, leading to some underestimate 
of the corresponding HEC. Therefore, starting from effective forces fitted 
to a few well-known nuclear properties, aswe did, or as it is done in 
present relativistic approaches, may account for effects neglected until 
now. In any case, and for both approaches (present and HEC) further 
corrections are needed. In the isoscalar case, corrections due to 2n 

order configuration mixing and some due to relativistic kinematics might 
be sufficient to achieve agreement with experiment /2, 14, 16/. In the 
isovector case, larger corrections are needed. Again corrections due to 
2 n order configuration mixing are important and can fill a large part 
of the gap between present predictions given in TablesZ and 3 and experiment 
II, 14/. As these corrections have been calculated by neglecting any 
non-locality in the mean-field, it is likely that their estimates are 
slightly overestimated /17/ and that further corrections are required. 
These ones may come from other degrees of freedom such as the i-excitation 
(calculated in the HEC approach /2.14/), or from higher order corrections 
involving the spin-isospin polarizability'of LS closed shell nuclei /18/, 
or also a similar quantity for the isovector angular momentum, Ç Î ^ T ? . 
In these last cases, they may account for some part of the third order 
effects. 
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TABLE CAPTIONS 

Table 1 Magnetic moments of odd-proton nuclei calculated in a 
non-relativistic mean-field approximation (present) together 
with those of a relativistic similar approach (reUtivistic). 
Results are given in units of nuclear magnetons and numbers 
in parentheses represent the percentage of the deviations with 
respect to the Schmidt values. 

Table 2 More complete estimates of magnetic moments of odd-proton and 
odd-neutron nuclei with a Skyrme force (M*/M = 0.70 at P = 0.15 
fm" 3). 

Table 3 Same as in Table 2, but for isoscalar and isovector magnetic 
moments. 
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Table 1 

Present Relativistic Experiment Schmidt 

1 5N(pjJ 2) 0.092{-135%) 0.005(-102%) -0.283(7.2%) -0.264 

1 , F<«5/2> 4.8i(0.7%) 5.16(7.7K) 4.722(-1.3%) 4.793 

3 9K(d") 2) 0.92(642%) 0.81(552%) 0.391(215%) 0.124 

« S c ( f 7 / 2 ) 6.02(3.8*) 6.^8(10.1X) 5.43(-6.Z%) 5,793 

Table 2 

Protons Neutro ns 
Present Experiment Present Experiment 

pi/2 -0.099(-63%) -0.283(7.2%) 0.472(-26«) 0.719(12.7%) 

d5/2 4.974(3.8%)' 4.722(-1.3%) -2.094(9.5») -1.894(-1X) 
,-1 
d3/2 0.559(351%) 0.391(215%) 0.713(-38%) 1.022(-10.9%) 

f7/2 6.187(6.8%) 5.43(-6.2%) -2.307(21%) -1.595C-16.62) 

Table 3 

Isoscalar Isovector 
Present Experiment Present Experiment 

P'l/2 0.187(0%) 0.218(16%) -0.285(-37%) -0.501(11.1%) 

d5/2 1.440(0%) 1.414(-1.8%) 3.534(5.4%) 3.308(-1.3%) 
,-1 
d3/2 0.636(0%) 0.707(11.2%) -0.077(-85%) -0.315(-38.5%) 

f7/2 1.940(0%) 1.92(-1%) 4.247(10.2%) 3.51(-8.9%) 


