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Abstract
The behavior of the nucleon structure functions in lepton nuclei deep inelastic scattering, both
polarized and unpolarized, due to nuclear structure effects is reanalyzed. The study is performed
in two schemes: an z-rescaling approach, and one in which there is an increase of sea quark
components in the in medium nucleon, related to the low energy N-N interaction. In view of
a recent interesting experimental proposal to study the behavior of the proton spin structure
functions in nuclei we proceed to compare these approaches in an effort to enlighten the possible

phenomenological interest of such difficult experiment.
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I. INTRODUCTION

More than 30 years ago, the European Muon Collaboration (EMC) discovered that the
unpolarized structure function of a bound nucleon in a nucleus is different from that of a free
nucleon, and different from one nucleus to another [1]. This experimental fact triggered an
innumerable series of analyses and their corresponding explanations (see [2] for an extensive
list of references) and very interestirﬁ recent theoretical developments relating the EMC
A

Not long ago there has been a proposal for an experimental study of the nuclear effect for

effect to Short Range Correlations

the polarized structure function ¢;, an experiment in which both projectile and the nuclear

target are longitudinally polarize]. This work has been motivated by some detailed
model dependent calculations B ], which have coined the development: polarized EMC
effect. This problem was theoretically studied long ago for the Deuteron by Frankfurt and
Strikman ‘j and shortly thereafter for arbitrary spin by Jaffe and Manohar [17] with a non-
relativistic convolution model. The recent analyses are detailed model calculations which
take into account a realistic low energy nuclear description, a model for hadron structure
and include QCD evolution in their schemes. Their result shows a large effect in the nuclear
to proton ratio and moreover, the contribution of the quark could dramatically affect it at
small x.

Despite the fact that the proposed phenomenon is very interesting and might help to
understand the behavior of the nucleons in nuclei, the name, as pointed out by the PAC29
committee |18] might be misleading. In the experimental proposal the chosen nucleus has
been "Li, were the spin of the system, 3/2, is naively mostly associated with a valence proton
lying in a p-shell, while the remaining nucleons are coupled mostly in pairs to total angular
momentum 0. Thus the averaged medium behavior implied by the unpolarized EMC effect
is not present in this polarized case. However, it is clear that the active valence proton is
subject to the effect of its companions and therefore a medium effect must be present.

Our aim in this note is, by avoiding in as much as possible model dependence, to center our
attention into physical ideas which might be at the origin of the discussed phenomenon. For
that purpose we revisit the unpolarized EMC effect in terms of an z-rescaling description

| and a pion content approach @, B] to fix the ideas and the parameters connected

with the experimental data available at present. We then proceed to study the in medium



polarized case. We have in mind in all our discussion the experimentally proposed 7 Li,
which represents an ideal system to distinguish conceptually between the polarized and
unpolarized EMC effects. We end by comparing the polarized and unpolarized phenomena

with the intention of motivating further experimental research.

II. UNPOLARIZED DIS

In this section we briefly summarize the analysis of DIS with nuclear targets in the two
approaches mentioned before, the x-rescalinEijproaCh ], and a qualitative approximation
.

This z-rescaling approach contains only one parameter, 7, and the EMC effect was de-

to the so called pion content approach |20,

scribed by suggesting that the true scaling variable for deep-inelastic scattering off nuclei
should be taken to be x* =nx ] The main idea behind this approach is that the quark
distributions in nuclei are shifted towards lower x values as compared to those corresponding
to free nucleons. Thus the name for the mechanism, z-rescaling. This approach was shown
to be connected [22] to the Q?-rescaling approach [23].

Consequently, the measured ratios of the nuclear to deuteron structure functions can be

written, for fixed Q? as,

R(A) = F3'(«")/Fy (") (1)

where F3!(2*) is the nuclear structure function calculated using a rescaled variable z* in the
free proton and neutron structure functions, and F”(x*) is the Deuteron structure function
where the effects of rescaling are small.

The z-rescaling mechanism leads to fits of very good quality for the EMC effect in the
region 0.3 < x < 0.75 for all the nuclei experimentally analyzed @, ] Recently, this

freedom in the unpolarized EMC

approach was used to show an intﬁlay between the quark-gluon and hadronic degrees of
]

The second approach is a simplification of the so called pion content model ﬂﬂ, B] In this
approach one introduces the pion presence into the nucleon structure function and makes
a convolution model which takes this presence and the pion structure into account. The
end result is twofold, on the one hand there is a z-rescaling effect associated to momentum
conservation in the pion emission and on the other hand there is an explicit contribution

of the sea associated with the pionic structure function. This approach also leads to fits of



very good quality for the EMC effect in the whole xz-region for all the nuclei experimentally
analyzed. The direct contribution of the sea is important for low x but not so much for
intermediate x. However, and this is a peculiarity of this approach, it is necessary to
consider also the pion sea effect in the deuteron when one deals with the EMC ratio, if one
wants to avoid the blowing up of the ratio at low x which would destroy the agreement in
the EMC ratio ﬂﬂ, |£|]

We incorporate this twofold mechanism, in our phenomenological scheme, by means of
two parameters. One, 0, describes the associated scaling mechanism into the free nucleon
structure functions as before x — dz; analogously to n, 6 > 1. Another, o, which magnifies
the contribution from the sea associated to the u and d flavors in the intermediate x region,
concentrated initially for very small x. For one nucleon in the medium the contribution to
F5 is

EN(z) = FN(0z) + Fy¥ ™~ (o). (2)

This modified nucleon structure functions have to be incorporated into Eq. () to perform

the corresponding EMC average. We shall call this approach modified sea scheme (MSS).
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FIG. 1: R ratio as a function of z in the z-scaling approach (black), in the modified sea approach
with (dashed) and without (dotted) the added sea contribution. The parameter values: for "Li:

n =1.011 £0.002, § = 1.016 £ 0.001, 0 = 1; for D: n =1.0, § = 1.005, ¢ = 1.

Our study is concentrated on the experimentally wishful nucleus “Li ] We use the
proton and neutron structure functions and sea distributions from the analysis of Ref. [24]

for fixed Q? = 10GeV?2. The value of n for 7Li is extracted from a linear extrapolation of a
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fit to the data of several nuclei. The value obtained for 7 Li is = 1.011 £0.002. The values
of the parameters for the MSS scheme are obtained by fitting them to reproduce the Ratio,
R, of the x-scaling description in the EMC region and are shown in the caption of Fig. [l
In Figlll we show our prediction of both approaches and the size of the sea contribution
in the MSS method. A good agreement between both approaches is obtained by simply
doubling the sea contribution. Note, as it was already mentioned, that we had to incorporate
an extra sea contribution for the Deuteron in order to avoid a dramatic increase at the origin,

where it tends to dominate. Fig. ] shows that effect.
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FIG. 2: R ratio as a function of z in the modified sea approach with (black) and without (dashed)

Deuteron sea. Parameter values: for 7 Li: § = 1.016 £ 0.001, ¢ = 1, for D: n = 1.00

III. POLARIZED DIS

Several studies of the nuclear effects for the g, polarized structure functions in the typical
EMC z region have recently appeared. They are based on detailed dﬁlamical nucleon

, ] predicts a

strong increase of the ratio R,y = gi'/Ag} of the order of twice the size in the unpolarized

structure models and models for nuclear matter. The analysis of Ref.

case. This calculation is based upon a convolution where the nucleon is described as a
bound state of a quark-diquark in the Nambu-Jona-Lasinio (NJL) model and the presence
of the nuclear medium is taken into account through mean fields which act on the quarks

in the nucleon. This is mainly a valence quark picture where the sea appears by evolution.



Another proposal M] includes sea quarks explicitly in order to be consistent with both DIS
and Drell-Yan results. Consequently, the nuclear medium effects are present both in the
valence and the sea quark distributions. They are computed using the chiral quark-soliton
model and the nuclear effects related to the valence quarks are similar to those obtained
in Ref. , ], while the inclusion of sea quarks gives rise to an important increase for
x < 0.3. Both description contain many parameters that have to be fitted. A third analysis

| is based on the phenomenological Thermodynamical Bag Model, a modification of the
MIT bag model, and shows not much difference between the polarized and the unpolarized
ratios.

For our analysis we use the fits to all polarized data of Ref. , ] for Q% = 10GeV?2.
We start by the rescaling approach and as in the case of the unpolarized structure function
we replace the scaling = variable by a rescaled variable z* in the free nucleon structure
functions.

In order to find reasonable values for this 1 parameter, we follow two arguments. The
first, which we already discussed previously, is the definition of the polarized in medium
effect. Let us for clarity limit ourselves to “Li. In this case, from a naive nuclear shell model
point of view we have one active proton in a p-shell and the remaining nucleons are coupled
to total angular momentum zero in s and p shells. More sophisticated calculations with
Green Function Monte Carlo |27] and a Cluster Model [28] give a mean proton polarization
of 87% and 3% for the neutron. For simplicity we assume the shell model picture and we
define the ratio

G

RPOl(x> - g;f(x> : (3>

It is interesting to compare now with Eq. [l to realize the difference between the polarized

and the unpolarized effects, namely the conventional EMC averages over nucleons, while not
so the polarized in medium effect.

Accepting the previous naive definition, the second problem we face is the relation of the
x-scaling parameter 1 with the dynamics. This parameter is related to the efective nucleon
mass in the medium E] which is an average property and therefore we expect that 1 should
not change. However, the fact that the nucleon is polarized might incorporate some spin

interactions, that average out in the unpolarized case, which might modify it. The results

of Refs. | seem to indicate that 1 should increase. We plot in Fig. Bl the value of the
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ratio Eq. ([B)) in form of a band, whose smallest value corresponds to the unpolarized 7 value
and the largest to 7 = 1.02. The full curve shows the ratio R. We note that the R, ratio

is extremely sensitive to 1 and therefore to the detailed dynamics of the polarized case.
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FIG. 3: R, ratio for "Li as a function of x in the z-scaling approach. The dotted curves correspond
to parameter values for "Li: upper n = 1.01, lower = 1.02. The black band corresponds to R
with n = 1.011 + 0.002.

We next proceed to the MSS approach. As before the nucleus structure function will be

defined in terms of modified nucleon structure functions,
gt (z) = g (62) + g1 (o). (4)

For "Li, N is a proton. In Figll we plot R,, with the same parameters as for R, and
following the same discussion as before we construct a band with a 2% increase both in ¢
and o.

Finally in Figlhl we compare our results with the two most extreme published analyses.
Our result is intermediate between both. We could obtain a higher sea contribution close to
the origin by increasing o in line of Ref. ], but we can never get a result as low as that of
Ref.Bg, | for low x.

We have only analyzed in here the low flavor sea contributions not worrying about heavy

flavors and gluons, whose contribution are small in the two approches.
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FIG. 4: R,y for "Li as a function of x in the MSS approach. The dotted curves correspond to
parameter values for Li: upper 6 = 1.015, 0 = 1, lower § = 1.035, ¢ = 1.02. The black band
corresponds to R with n = 1.011 £ 0.002, ¢ = 1.0.

IV. CONCLUSION

The schemes presented in this note parametrize the change of parton distributions in
medium in terms of one or two parameters. These parametrizations are motivated by QCD
based dynamical pictures, z-scaling associated to a Renormalization Group Analysis, and
the MSS, a chiral scheme convoluted into a partonic description. It is really surprising that
in the unpolarized case, with one or two parameters, one is able to fit the EMC effect for all
studied nuclei. Thus our fits lead, based on QCD and chiral dynamics, to parametrizations
of the data with a minimal number of parameters.

What can a polarization experiment contribute to our undertanding of proton structure?
As has been widely discussed this is not an EMC “average” type experimental analysis.
The proposed nucleus "Li is, with percentage corrections, basically a polarized proton in a
nuclear medium. In some sense the experiment reminds us of the the proton spin analysis

|, but here with its parton distributions modified by nuclear dynamics.

Our calculation has shown two important results. The most relevant one is that a dra-
matic change in the EMC region in R,, would imply a dramatic change in the value of the
scaling parameters 7 and ¢ and therefore an important influence of the spin-spin interactions
in nuclei which lie dormant in the average procedure of the unpolarized EMC effect. The

second result, which has been confirmed by the MSS approach is that the sea contribution
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FIG. 5: R, band for "Li as a function of  in the MSS approach as in the previous figure (dotted
curves). The solid curve corresponds to the calculation in Ref. | with the sea contribution

included, while the dashed curve the that of Ref. , ]

is important for low x if the ratio is performed against the free proton g; structure function.
If one would perform the ratio with respect to the Deuteron, with its pionic sea included,
the sea effect would be quantitatively diminished. Therefore, our study strongly supports
the realization of the proposed experiment [11] in the whole range of the variable x as the
means of better understanding the structure of the nucleon parton distributions in nuclei

and their relation to nuclear dynamics.
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