The Modification of the Scalar Field in dense Nuclear Matter
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Abstract. We show the possible evolution of the nuclear deep inelasticture function with nuclear density
p. The nucleon deep inelastic structure function represistsbution of quarks as function of Bjorken variable
x which measures the longitudinal fraction of momentum earby them during the Deep Inelastic Scattering
(DIS) of electrons on nuclear targets. Starting with smatigity and negative pressure in Nuclear Matter (NM)
we have relatively large inter-nucleon distances and asirg role of nuclear interaction mediated by virtual
mesons.When the density approaches the saturation poiat,o,, we have no longer separate mesons and
nucleons but eventually modified nucleon Structure Fundi®F) in medium. The ratio of nuclear to nucleon SF
measured at saturation point is well known as "EMi2et”. For larger density > po, when the localization of
quarks is smaller then 0.3 fm, the nucleons overlap. We atgatenucleon mass should start to decrease in order
to satisfy the Momentum Sum Rule (MSR) of DIS. These modificet of the nucleon Structure Function (SF)
are calculated in the frame of the nuclear Relativistic ME&id (RMF) convolution model. The correction to
the Fermi energy from term proportional to the pressurerg weportant and its inclusion modifies the Equation

of State (EoS) for nuclear matter.
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Fig. 1. EMC effect in the electron scattering on nuclear targets.
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1 Introduction

The observed enhancement of the nuclear to deuterium
cross sections ratio for Bjorken variale~ 0.6 known

as EMC dfect is still the open subject. The main issue of
this work is the explanation of nuclear medium modifica-
tions in the deep inelastic process on nuclear targets dause
by nucleon-nucleoninteractions and nucleon motion inside
nucleus. The last measurements [1] confirm quite strong
nuclear dependence, as witnessed by Fig. 1 (where it is
shown for small mass number-A12), of the cross section
ratio on nuclei to deuteron. This ratio, in this work denoted
by R(x), almost does not depend @ for x > 0.02 (their
dependence are cancelled in the ratio). This is strong ev-
idence for the influence of nuclear field on the partonic
structure of nucleons. New experiments are going to ex-
plore largex region where both nucleon in nucleus and
parton in nucleon are strongly correlated.

DIS on nuclei[2] - the main idea and our framework
of the nuclear SF are presented in section (2). In the wide
range of nuclear density @ o < 3o to nucleons interact
by meson exchanges. Therefore in addition to the electron-
nucleon scattering the scattering on exchanged mesons also
take place and contribute in the sea region populated mainly
by quark-antiquarkjq pairs. Our model for parton distri-
bution in nuclei is based on the assumption that nuclear
interaction is switch f§ for big values ofx and conse-
guently in this regime , the collective motion of partons
in nuclear medium take place. The sea Parton Distribu-
tions (PD) are described by allowing for additional vir-
tual pions in hadron to appear (we call them "nuclear pi-
ons”) in quantity which reproduces both the nuclear lepton
pair production data and saturates the energy-momentum
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sum rule. Good agreement with the experimental data haskEr = u = /pr? + (M- Us)? + Uy (Hugenholtz-van Hove
been obtained [3]. The quark localization is proportional theorem). Here the nucleon spectral function was taken in
to 1/x and this relation introduces dependence of the nu-the RMF approachSy = n(p)d(p° — (E” + Uy)).

cleon structure function on nuclear medium. In DIS in nu- Inthe nuclear medium, characterizedbyA and Fermi
clear medium, part of pions contribute to the sea quark energyEg, the rest energy of the nucledtg = 3, ki, in
structure of nucleon, but for smad < 0.01 the uncer-  the Bjorken on shell limit (short interaction times), take
tainty in the life time of intermediate photon-quark state effectively diferent value (for large) than its free nucleon
becomes comparable (or larger) then the mean distancanassM and gives the proper description[3] of EMC data
between nucleons what results in the shadowing of singlein Fig. 1. It can be thought as the sum of the corresponding
nucleons contributions. These mediuffeets, namely the  partonic energiel; expressed in the rest frame of nucleon
changes in the nucleon rest energy and the enhancemerthotice that they dfer ffomkﬁi)- SuchMg, accounts there-

of the sea quark contribution (as simulated by "nuclear pi- fore dfectively for the Fermi motion of nucleons inside the
ons”) modify the transverse parton momentum distribution nucleus. This is, in addition to the standard Fermi smear-
inside NM. It was shown that in order to reproduce the ob- ing on a nuclear level, the influence of the Fermi motion
served behavior of experimental data and describexthe emerging from a nucleonix) level.

dependence one has to determine the amount of the addi-
tional intermediate pions (mediating the nucleon-nucleon
interaction [4]) in the function of Bjorkernx. In particu-

lar, the magnitude of nuclear Fermi motion is sensitive to
the residual interactions between partons, influencing bot
the nucleon structure function and the value of the nucleon
mass in nuclear matter [5]. In the section (4) we will dis-
cuss time the EMC féect in function of nuclear density.
The influence of these modifications to the Equation of
State (EOS) in NM will be discussed in the last section.
Good agreement predictions with experiments in heavy ion
collisions have been obtained [6].

nucleons
. & pions
-

2 The nuclear deeply inelastic limit

The Bjorken variablexis the fraction of momenturk car- Fig. 2. Struck quarkq from pion or nucleon create the (anti)
ried by quark in the nucleon and is equal in this model to quarkg which propagates through the nucleus by the distance
the ratio of longitudinal momente, n = (Ko + k3)/MA, N. Z~ 1/MX.

It was shown that in fact the nuclear SF in CM depends

on the contributions from both scalbks and vectorUy

potentials. The nuclear quark $1§ in a nucleus with the
mass numbeA is constructed in the convolution model
(CM) from the free nucleon SFg‘(x = xn) in the nucleon
and the nucleon distribution functigfi(y,) in the nucleus.
The general convolution formula in the relativistic Fermi
gas model [7] for nucleon SFQ is:

1
AF200)= [ U3 06 )+ [P0 1),

1)
whereF3 and F)(x)(F)(x)) are the parton distributions
in the free, or medium modified, pion and in the free (or
bound) nucleon respectively, is the probability distribu-
tion for nuclear pions in the nuclei and the nuclear density
p™is given by:

4 [d'p

pJ (2m)*

SN(P°, P)(L+ps/E (P))S(y—(Po+Pa) /1)
2

wherep = (po,p) is the nucleon four momenturk, =

\/p?2 + (M- Us)? and the factor (& ps/E’) corrects[8]
the nonrelativistic expression. The nucleon energy is kequa
to the chemical potentigh, = u at the Fermi surface -

pA(!/A) =

The nucleon distribution is simplified in the RMF in
saturation point (no pressure) to the form[7]:

3
E(Ui - (ya - 1Y)
A

pA(!/A) = ©)

whereva = pr/u, andy takes the values given by in-
equality (1- pr/u) < y < (1 + pr/w). Thus all the nu-
clear dependence is hidden in nucleon chemical potential
u = E/A = Er when the pressure is absent at the satura-
tion point[7,9, 3]. However for finite pressure the situatio

is different[10].

3 Finite density - A dependence

Generally the A dependence of the EMEeet is strong
only for smallx < 0.1. Is rather weak for intermediate
and for largex > 0.9 might depend on NN correlations
which also depend oA.

The intermediate mesons contribute to the behavior at
small x. At small values of the Bjorken variabbe(< .05
i.e., in the shadowing region), the 3, turns out to be
smaller in nuclei then in free nucleons. There are several
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Fig. 3. The EMC ratio for He(squares, dashed line), C(circles,
solid line), Ca(triangles, dots). Data are from [14].

o . . . 11 Ag i
descriptions of this phenomenon. Assuming that incom- 2 /
ing photon splits intayg before reaching nucleus thenwe &= !

ave absorption of this pairs which depends»orThis TR [ )
have absorption of this pairs which depends>orTh 10 A ,‘
can be related to multiple scattering andfrdiction [11]. 1 § /
Here we will model the shadowing in the frame of par- #k /
tonic recombination approach [12,13]. In the shadowing 09l {ﬁ& l/
we have two distinguishing points. For mean free path of R
quarkszs(x) larger then intermediate distance between nu- Iﬁﬂ{
cleonszs(x) < ryn, the nucleons are not longer localized by 08l

photons as belonging to particular nucleon and shadowing ' 00 05 04 08 0.8
starts. Fory ~ 2fm we havexs =~ 0.1. The shadowing ' ’ ’ ' ’
should saturate at; ~ 0.01 whenz > 2r,AY2 and the res- X

olution is larger then nuclear diameter. Finally shadowing Fig. 4. R(X) - the EMC ratio for Calcium (upper) and Lead (bot-
should depend on the distarnce zs and for saturation dis- tom) to deuterium.
tance the depletion of the cross section should be propor-

tional to the number of shadowing nucleons in the nucleus

- (AY3 — 1), (AY3 because the shadowing take place along

z direction only). Summarizing we show our parametriza-

tion of the cross section in the regiorDQ@ < x < 0.1 by

the following function: n(p) = no for p < pr (5)

= (P—pe)’
R(X) = 1- Kz z5) (A3 - 1) ) n(p) = no€ for p> pe.

on F|g3 for Helium, Carbon and Calcium. Above formula The dependence from the details of the distribution tail
gives reasonable fit to data with only one free parameterabove the Fermi surface was found to be negligible in the
which shows that the nuclear dependance of shadowing re-Presented approach for that rangexofVe compare it also
gion is described quite reasonable. with density distributions coming the standard nuclear har
For intermediate region of calculations were made in monic oscillator pOtential for ||ght nuclei witA dependent
the local density approximation where the Fermi momen- Phenomenological parametep = 45A %3+ 25A2/3[17].
tum pr = (3/207%)'/® was calculated from the local nu- In our model the new sea parton distributions described
clear matter density. For C, Ca and Ag we choose respec- by the modified cloud of virtual pions is the response for
tively kg = 220,240,260 MeV respectively [15]. The dis-  the depletion of cross section for intermediat@vhich is
tribution parameters above the Fermi level: the end of the described by the change of the mass distribution as a func-
distribution tail pr or exponent were calculated from the  tion of x due to the final state interaction). Botfiert lead
normalization condition fon(p). In finite nuclei the nucle-  to the conservation of nuclear single particle momentum
ons partially occupy their single particle states below the sum rule. This is very important. Our description of the-
Fermi level with the long distance tail above [16]; there- ses features are in good agreement with experimental data:
fore the momentum distribution function{p) was model  the EMC dfect and nuclear lepton pair production data has
by: been described essentialy without free parameters.
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Fig. 5. The nucleon energy in function of nuclear matter density matter for stit (Walecka) and soft (ZM) EoS.
in the RMF approach for Walecka and ZM models.

MeV) and two soft Zimanyi-Moszkowski [21] non linear-

4 RMF models, EOS and parton SF models [22] withK -1 ~ 200MeV, close to the experimen-
) ) tal estimate! The density dependent enerByess carried
is not equal to the average binding energy but there are thqn comparison tdE/A (previous picture) is strong for i

well known correction (see for example)[18]: EOS.
d /E Calculation of the nuclear SF for positive pressure have
Er = — (_) (6) to include the changes in Fermi energy Eq.(4) along with
do \Q the finite pressure [10]. It increasEs by 8% for density
Ee — (E) N d (E) ) 3po. The second sum rule is sensitive for these finite pres-
F=\a ng A sure correctiorE yess = Er — E/Aas can be seen from the

integral taken in limitsEg — pg) < Aya/E < (Er + pr):
whereA/p = Q give volume. Equivalently we can write
with p = - (%)B = de%g (%) Afd.l/AlJApA(yA) 14 AE press
E B E

Er =E/A+p/o=E/A+E 8
F bre press ©) The integral depends only from the Fermi energy which

additionally determine the onset of the maximum for nu-
o ,
The Epyess is generated by the nuclear interaction via me- gleag dfensné : Wgriee tpat secohnd the sm;]m rule Ls brokel?
son exchange and for low pressure below saturation pointS3|’:t Se "’I‘_Cto o //é kerebortlazwe @ﬁe toc anr?e't/lglg_uar
is negative and is represented basically by the scatteringo =" caling the Bjorker by Er /u will restore the '
virtual meson, see Fig. 2. These contributions proportiona

to the pressure are greatest for dengity 0o/2 where the = fFZA(XA)dXA = fdyA(yA)pA(yA) f F (E XA) dxa
density gradient is large. For bigger density this contribu H

tions became smaller and vanish in saturation point. For _ N

increasing pressure nucleons begin to overlap. There are - (MA/MN)IFZ (xn)xy ©)

no place for contribution from exchanged meson but rather ) o )

the nucleon SF which is built from meson cloud should Such a scaling oky = (Ma/Mn)xa by definition will re-

be modified. Consequently in order to satisfy MSR[3] in duce the nucleon mas8 by factoru/Er. We just demon-
(DIS) the nucleon SF in the nuclear medium has to be strate how the change of the quark structure function can
changed. For region > oo the nucleon SF begin to change help us on the nuclear level. However not only momentum
into bound nucleon SF which like nucleon SF has no ex- sum rule is satisfied. These finite pressure correction to the
plicit meson degree freedom at saturation density. The Equa; : : . ,

tion of State (EOS) for nuclear matter has to match the Biro and Zimany1 [23] proposed a newfective Lagrangian,

. . - G S E adding to the usual ZM-Lagrangian a tensor coupling analsgo
saturation point with compressibilit{™ = 905~ % but to the one which leads to the anomalous gyromagnetic ratio. A
then the behavior for higher densities iffdient for diter- additional free parameter in this term is suggested to bai-li
ent RMF models, see Fig. 5. We present here two extremenated in favor of the improvement of the spin-orbit spliftifor
examples: sff model of Walecka [20] (withK~1 = 450 finite nuclei calculations.
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