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Electron scattering transverse sum rule: Tentative comparison with experimental data
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A first systematic attempt to extract the transverse sum rule from experimental data on Ca, Ca, and

Fe is made. The comparison with the theoretical predictions in a correlated model for the ground states,
considering tensor correlations explicitly, turns out to be satisfactory. The necessity of invoking modifica-

tions of the nucleon properties when immersed in the nuclear medium is discussed.

The recent electron scattering experiments performed in
Saclay' and at MIT2 giving the separated longitudinal and
transverse response functions of some nuclei in the deep
inelastic region, have stimulated many discussions and in-
vestigations.

The main point is to understand which nuclear structure
and dynamical effects are important in one channel and
which are important in the other; the problem lies in the
difficulty in finding a consistent treatment which explains
the data of both channels.

In the course of these investigations a useful tool has
been represented by sum rules (SR). In particular, for the
longitudinal case, it has been well known for a long time
that the Coulomb SR is a measure of the proton-proton spa-
tial correlations of nuclei, ' and it has been the concern of
experimentalists' and theoreticians ' to provide data and
predictions of it.

Indeed, violations of the total sum are much more serious
than any disagreement with the detailed shape of the calcu-
lated excitation spectra, because the Coulomb SR is nearly
model independent.

In previous works' '" we have discussed the comparison
between theoretical and experimental Coulomb SR's, and
have also presented evidence of how they are modified by
short range and tensor correlations in the ground state,
through the modification of the p-p correlation function.

The main point of that paper' was that the discrepancy
between theoretical evaluations and experimental observa-
tions could mostly be ascribed to the contributions coming
from the high energy tail of the experimental spectra, an in-
terpretation which gives a reasonable explanation of the ob-
served missing longitudinal strength at high momentum
transfer, without invoking a much more drastic and deep
hypothesis on the nucleonic structure in the nuclear medi-
um.""

Up to now there has not been much interest regarding the
transverse SR's because of the complications they present
both in the theoretical calculations and in the experimental
estimates.

On the theory side, the main problems are the consistent
treatments of two body current operators and 2p-2h correla-

tions in the ground state of finite nuclei, besides the diffi-
culty in including 5's and free pions in the calculations.

On the experimental side, the main difficulty lies in the
possibility of performing sums which can be compared with
the theoretical SR values. In contrast with the longitudinal
case, the data on the transverse response do not show a ten-
dency to converge, owing to the excitation of the 4 isobar.
Besides all that, an intrinsic difficulty underlies such a com-
parison; transverse SR will exist only if the transverse
response function converges.

About this point there has been little theoretical investiga-
tion, except in the case of deuteron. ' For such a nucleus it
has been shown that the transverse response function con-
verges. In particular, in deep inelastic scattering, convection
current and meson exchange contributions are of the order
of a few percent.

In light of these results and considerations, we felt
motivated to investigate a transverse SR for the spin current
operator in three nuclei where the transverse response func-
tion has been measured; these are Ca, ~Ca, and Fe, '

(a previous investigation for ' C can be found in Ref. 13),
using a method of correlating nuclear ground states
described in Ref. 20.

This study is particularly interesting in the region of
momentum q & 200 MeV/c, because the convection current
contribution to the total transverse sum is quite negligible. '

Moreover, there is another fundamental reason why the
study of such an SR can be interesting. When only the spin
current operator is considered the sum exhibits a nice
characteristic: It is connected to the spin-spin correlation
function of the nuclear ground state'6'7 and also to a model
independent term largely dominating' for q ) 300 MeV/c.
In fact, one has

So (q) =~I AT(q, )d =pl( iJ,n(pq)[0) i'
n

= (O~J,+;„(q)J, ;„(q)~0), (1)
with

Jspin(q) = X 2
q+ trge

When J,p;„(q) is inserted in (1),

spq)=e2(q)q /(2M ) (zgt+Ny„)+ 2 0 /yak(rr; ak. —;t)e '", 0)
i&k

)

Equation (3) shows that, analogously to the Coulomb
case, S(q ) has a model independent behavior driven by the
proton form factor [e2(q)] by the full gyromagnetic mo-
ment values p, p and p,„(p,v=2.79, p,„=—1.91 in the free

case), and by the nucleonic mass M
In Figs. 1, 2, and 3 the transverse SR is shown as a func-

tion of q for OCa, Ca, and Fe. The dashed line
represents the model independent term [first term in Eq.
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(3)]. The continuous line is So (q) when the spin-spin
term is also added. The latter has been evaluated in the
frame of a model, which allows the accommodation of
short range and tensor correlations in the ground state of a
finite nucleus. It turns out ' that tensor correlations af-
fect that term, which has a negative sign, very much (it al-
most doubles in the q region between 200 and 400 MeV jc ),
which tends to lower the SR further. But the net effect is
practically negligible because of the dominance of the first
term at such values of momentum transfer. We remark
that in W = Z nuclei one can write the spin term as a sum of
an isoscalar and an isovector part:

=
~ [()u), +p,„)'&(r=0)+(((((,—)((,„)'5(r=1)], (4)

where
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FIG. 2. Transverse sum rule for Ca. Notations as in Fig. 1,

FIG. 1. Transverse sum rule for ~"Ca. Dashed line: model in-
dependent term [see Eq. (3)]; continuous line: result of the corre-
lated model of Ref. 20. $: "quasi experimental" data, i.e., when
the contribution of the high energy tail is properly taken into ac-
count (see the text);Q sum of the Saclay data (Ref. 23).

FIG. 3. Transverse sum rule for 56Fe. Notations as in Fig. 1.

and

ik()(T=0) =(0 X (rr, TT„—tT,' TT)T "O) .
i~k

(6)

It turns out that tensor correlations affect the isovector
and isoscalar terms in two different directions, quenching
the former and enhancing the latter. Anyway, because of
the factors in front, the former is dominant.

In Figs. 1, 2, and 3 the comparison of our calculations
with "quasi experimental" points is shown. From the cal-
culations of the transverse response functions in deuteron'
and in middle weight nuclei s ' (showing how the different
parts, shell model or Fermi gas, p-h correlations, pion pro-
duction, and 5 contributions sum up into the total
response), we argue that, in the present approach, we are
testing little more than the integral under the quasielastic
peak and that, therefore, we-have to compare our calcula-
tions with that experimental area. So, analogously to what
was done in Ref. 14, we have performed a best fit with a
smooth cutoff of the Saclay data' after the quasielastic peak.
The form of the cutoff varies around cv, a hint borrowed
from the deuteron case. Adding this tail contribution to the
sum of the experimental values up to shortly after the
quasielastic peak, we obtain the fu11 circles in the figures.
The error bars embody both systematic and statistical exper-
imental errors, and uncertainty in the cutoff.

It is curious to note that the solid points lie very near
those (open circles) obtained by simply summing, for every
q, all the available experimental values, exactly in the same
way the data on the Coulomb SR in Ref. 1 were obtained.
This happens because the area which is sharply cut out by
the cutoff is compensated by the tail contribution. A series
of comments can be done ori the previous comparison.

(i) The pictures for 40Ca, ~sCa, and 56Fe are very similar,
and they look like Fig. 4 of Ref. 13, where the same com-
parison is shown for ' C. In all three cases the "quasi ex-
perimental" points slightly overestimate the theoretical pre-
dictions. Dynamical correlations give a very small contribu-
tion in better achieving that agreement (see Figs. 1 and 2).
The major source of the remaining discrepancy should be
ascribed to meson exchange current effects, which have not
been included in the present calculations, and which should
enhance the sum by a further 5% (cf. Refs. 7 and 8).
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(ii) Similar to the longitudinal case, '4 the agreement
between theoretical and experimental areas achieved when
the high energy tail of the excitation spectrum is properly
taken into account seems to make questionable the hy-
pothesis of a substantial change of nucleon properties (bag
radius, charge, and magnetic form factors) when it is im-
mersed in the nuclear medium.

Moreover, in contrast with the longitudinal case, Ca
does not show a striking disagreement between theoretical
and experimental areas. In the Coulomb sum it happens
that the model independent dominant term, i.e, the charge
number, being the same in both Ca isotopes, fits the data
well on 4 Ca but does not fit the data on Ca, which are
somewhat smaller. In the transverse case, on the contrary,
the equivalent model independent contribution is bigger in
4sCa than in 4cCa [see Eq. (3)], following the trend of the
data and giving the same kind of agreement in the two
cases.

(iii) If one would like to study the role of correlations,

one should compare the theoretical and experimental in-
verse weighted integral of the response function

gr t (q) = —R (q, o))dco

In fact, the uncertainty of the cutoff would be reduced, and
the lower energy sector, where correlations are believed to
affect the response function, would be stressed. However,
it is well known that S ~ is not properly a sum rule, since it
is impossible to write it as a mean value of an operator on
the nuclear ground state. So, it is not clear if the approxi-
mations one must do to evaluate it affect the result more or
less than the uncertainty on the tail in So. Investigations
are in progress in this direction.
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