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Determination of nuclear parton distributions
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Parametrization of nuclear parton distributions is investigated in the leading ordgr dhe parton distri-
butions are provided @?=1 Ge\? with a number of parameters, which are determined ly analysis of
the data on nuclear structure functions. A quadratic or cubic functional form is assumed for the initial distri-
butions. Although valence quark distributions in the mediuragion are relatively well determined, the small
x distributions depend slightly on the assumed functional form. It is difficult to determine the antiquark
distributions at mediunx and gluon distributions. From the analysis, we propose parton distributio@$ at
=1 Ge\? for nuclei from deuteron to heavy ones with a mass nun#er208. They are provided either
analytical expressions or computer subroutines for practical usage. Our studies should be important for under-
standing the physics mechanism of the nuclear modification and also for applications to heavy-ion reactions.
This kind of nuclear parametrization should also affect existing parametrization studies in the nucleon because
“nuclear” data are partially used for obtaining the optimum distributions in the “nucleon.”
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[. INTRODUCTION dinally polarized distributions have been investigated in the
last decade. From analyses of many polarized electron and
Unpolarized parton distributions in the nucleon are nowmuon deep inelastic experimental data, several parametriza-
well determined in the region from very smalto largex by  tions have been proposed. Neutrino, Drell-Yan, and other
using various experimental data. There are abundant data @ata are not available unlike unpolarized studies, so that an-
electron and muon deep inelastic scattering. In additiontiquark and gluon distributions cannot be determined accu-
there are available data from neutrino reactions, Drell-Yarrately at this stagé4]. A more precise determination should
processes\V production, direct photon production, and oth- be done by the BNL polarized Relativistic Heavy lon Col-
ers. The optimum parton distributions are determined so as tiider (RHIC) experiments in the near future.
fit these experimental data. Initial distributions are assumed It is well known that nuclear parton distributions are
at a fixedQ? with parameters, which are determined by’a  modified from the corresponding ones in the nucleon accord-
analysis. Now, there are three major groups, CTEEQordi- ing to the measurements of nuclels structure functions
nated Theoretical/Experimental Project on QCD Phenomf{5]. BecauseF, is expected to be dominated by sea- and
enology and Tests of the Standard Modél], GRV (Gluck,  valence-quark distributions at small and largeespectively,
Reya, and Vogt[2], and MRS(Martin, Roberts, and Stirling  modification of each distribution should be determined-hy
[3], which have been investigating the unpolarized parammeasurements in the small or largeegion. However, it is
etrization. not straightforward to find the detailecdependence of these
Because the distributions themselves are associated witfistributions. Furthermore, it is also not obvious how nuclear
nonperturbative quantum chromodynami@CD), they can-  gluon distributions are constrained by the data. There are
not be described precisely by theoretical methods at thigials to obtain the distributions from the data in a model
stage. Therefore, the determination enables us to understaddpendent way6] and in a model independent way by Es-
the internal structure of the nucleon and, hence, to test thkola, Kolhinen, and Ruuskangf]; however, they are not?
nonperturbative hadron models. In addition, the parton disanalyses. Therefore, this paper is intended to pioneegthe
tributions are always necessary for calculating cross sectiorsnalysis study for obtaining optimum nuclear parton distri-
of high-energy reactions involving a nucleon. Furthermore putions[8].
there is additional importance in determining the future There are the following motivations for investigating the
physics direction. If the distributions are precisely known,nuclear parametrization. The first purpose is to test various
any experimental deviation from theoretical predictionsnuclear models for describing the nuclear structure functions.
should indicate new physics beyond the standard model—foFrom the detailed comparison, the most appropriate nuclear
example, a signature of subquark system. model could be determined in the high-energy region. Fur-
The situation is worse in polarized distributions. Longitu- thermore, we may be able to find an explicit subnucleon
signature in nuclear physics. The second purpose is to calcu-
late cross sections of high-energy nuclear reactions accu-
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are simply assumed to be the same as the corresponding ones 1
in the nucleon. The third purpose is related to the aforemen- Be
tioned nucleon parametrization. In obtaining parton distribu-
tions in the “nucleon,” some “nuclear” data are actually }
used without considering the nuclear modification. For ex-
ample, neutrinoF; data are essential for determining the
valence-quark distributions in the nucleon. However, most
data are taken for an iron target. In the future, accurate 0.9 Al
neutrino-proton scattering data could be taken if a neutrino
factory is realized9]. It is inevitable to utilize the nuclear
data at this stage. Therefore, our nuclear studies should be 0.85 . : .
useful for improving the present parametrizations in the 03 04 0.5 0.6 0.7 038 0.9
nucleon. 1-1/A"

This paper consists of the following. First, the dependence
of the mass numbek and scaling variable is discussed in

Sec. Il. Then, our analysis method is explained in Sec. Ill, _, 13 .
and results are presented in Sec. IV. The distributions ob- LA™ dependence. We also looked at other regions—for

tained are provided in Sec. V for practical use. Finally, Ourexample,' the sma# region—and foundht_hat the data cquld
nuclear parametrization studies are summarized in Sec. VI.be descrlbeo! by.t I8 dependence. In this way, Wel decided

to employ this simple assumption. Of course, tha'f/de-
pendence may be an oversimplification. Detailed studies of
the A dependence are left as a future research topic.

We should mention, however, that the exaet WA de-

Because there is no prigy? analysis on nuclear param- Pendence is not completely consistent with the conditions of
etrization, we should inevitably take tieandx dependence nuclear charge, baryon number, and momentum. We need to
as simple as possible for the first step trial. However, thedssign fine-tuning parameters which adjust the nuclear de-
functional form ofx should be taken independently from any Pendence. The details will be explained in the next subsec-
theoretical nuclear models as a fair analysis. Our standpoiriton below Eq.(2.8).
is to test the models without relying on them. We discuss an
appropriate functional form of the distributions in the follow- B. x dependence
ing subsections.

0.95 Ca
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FIG. 1. A dependence of measur&g/F> ratios atx=0.5.

Il. FUNCTIONAL FORM OF NUCLEAR PARTON
DISTRIBUTIONS

Available nuclear data on the structure functibf are
taken in fixed-target experiments at this stage, and they are
shown as a function d? andx=Q?/(2mv), wherev is the

There is some consensus on the physics mechanism ehergy transfenn is the nucleon mass, ar@? is given by
nuclear modification in eaclx region. Because different Q?=—g? with the virtual photon momenturg. The initial
mechanisms contribute to the modification depending on thauclear parton distributions are provided at a fixed
x region, theA dependence could vary in differentegions.  (=Q3), and they are taken as
However, in order to simplify the analysis, we introduce a A 5 5
rather bold assumption: The dependence is assumed to be fi'(x, Qo) =w;(x,A,2)1;(x,Qp), 2.3
proportional to 1AY3. Physics behind this idea is discussed A - S _ o
by Sick and Day in Ref[10]. In any nuclear reaction, the wheref{'(x,Qg) is the parton distribution with typein the

. A ) 2 . . . .
cross section is expressed in terms of nuclear volume an@ucleusA andf;(x,Qg) is the corresponding parton distribu-

A. A dependence

surface contributions: tion in the nucleon. We callv;(x,A,Z) a weight function,
which takes into account the nuclear modification.
oa=Acy+A? g, (2.1) We lose a piece of information by using EG.3). A scal-
) o ing variable for the lepton-nucleus scattering could be given
Therefore, the cross section per nucleon is given as by x,=Q2/(2pa-q), wherep, is the momentum of the tar-
get nucleus. We could define another variable for lepton-
ﬂzg n i nucleon scattering agy=Q?/(2p-q) with the nucleon mo-
A AlB mentump within the nucleus. The variabbe, indicates the

momentum fraction of a struck quark in the nucleus and it

If oy and o5 depend weakly o, the 1A dependence is kinematically restricted as<0x,<1. Because of these
makes sense as the leading approximation. In fact, accordingefinitions, we have the relation=x,M,/m, where M,
to the measureGé‘/F? data, thisA dependence is justified is the nuclear mass, in a fixed-target reaction. In this way,
[10]. we find that the range of nuclear parton distributions is given

In order to illustrate the justification, we show actual by O0<x<A. Therefore, the extremely large region
F’Q/F? data as a function of 41/AY® at x=0.5 together (x>1) cannot be described in our present approach with
with a straight line in Fig. 1. It is obvious from the figure that Eq. (2.3) because the distributions in the nucleon vanish:
measured ratios are well reproduced by the line with the If;(x> 1,Q§)=0.
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There are following reasons for using E@.3) irrespec-  wherea; is the parameter which controls shadowing or anti-
tive of this issue. First, there are not so many experimentashadowing magnitude.
data in thisx region. Second, even if finite parton distribu-  From these discussions, an appropriate functional form
tions are assumed at the initial poi@§, there is no reliable becomes
theoretical tool to evolve them to larg€?® points where the

data exist. Therefore, such largedistributions cannot be 1 \a;(A,Z)+H(x)
accommodated in oux? analysis. There is a nucle&)? wi(x,A,Z)=1+ 1_A_1’3 EETEY (2.9
evolution code in Ref[11]; however, the original evolution (1=x)

equations are written in the range<@<1 [12]. Third, be- . i )
cause the nuclear modification is generally in the 10%—30o¥/here the additionak dependent part is written &s;(x),
range for medium and large size nuclei, it is much easier t&nd it determines the minutedependent shape. The reason
investigate the modification from the distributions in the Why we let the parameters; depend onA and Z is the
nucleon rather than the absolute nuclear distributions thenfollowing. As explained in the next section, there are three
selves. Fourth, the structure functiof$ or parton distribu- OPvious constraints—charge, baryon number, and total
tions are tiny ax>1, so that they do not affect the calcu- momentum—on the nuclear distributions. If tht_asg conditions
lated cross sections significantly unless an extremé&’® Sfms.f'ed for a nUCIGUS: they are also satisfied fgr other
kinematical condition is chosen. nuclei with the'samélA ratio. For example, the conditions
Now, we proceed to the actugldependence. could be satisfied for all isoscalar nuclei. However, we also
analyze nuclei with differenZ/A ratios. Then, even if the
three conditions are satisfied in a certain nucleus, they are
not strictly satisfied for other nuclei with differe@/A fac-
As concluded in the previous subsection, the nucleators. In order to avoid this kind of failure, nuclear depen-
modification part ofv;(x,A,Z) is assumed to be proportional dence is assumed for the parametgrin the valence-quark
to 1— LAY and gluon functions. They are determined by ffeanalysis
S0 as to satisfy the three conditions for any nucleus.
1 Because this is the firgt? trial, we would like to simplify
1— —;|(function ofx, A, andZ). the functional form ofH;(x) as much as possible. A simple
A 54 idea is to expand it in a polynomial forid;(x) =b;x+ c;x?

24 + - --. An advantage of this functional form is that the poly-
nomials ofx and 1—x are very easy to be handled in the
Mellin-transformation method of th@? evolution. Because

The nuclear parton distributions have finite values even aa directx-space solutiofil1] is used in ouiQ? evolution, it
x=1 in principle, so that the weight function should behavedoes not matter in our present analysis. However, it is im-

1. Nuclear modificationec1—1/AY3

w(X,A,Z)=1+

2. Introduction of /(1—x)# factor

as portant for public use if we consider the fact that many re-
searchers use the Mellin transformation as tirevolution
fiA(X—’l) meth-od. . . _
wi(x—>1,A,Z)=f_(X—_)1)—>oc. (2.5 It is obvious thatH;(x) =b;x cannot explain the compli-
I

catedF5/F5 shape in the medium region. Therefore, the
i i L simplest yet realistic choice is to take;(x)=b;x+ c;x°.
This equation should hold whatever the modification mechathis seems to be acceptable in the sense that the medium
n|smﬂ_|§. !n order to'reproduce this featurez the factor 1/(1depletion of FA/FD can be explained together with tife
—x)" is introduced in thex dependent function part of EQ.  ghaqowing at smakt. However, if the depletion is described
(2.4) with a paramete;(>0): by the valence-quark behavior as our common sense sug-
gests, the valence-quark distributions show antishadowing at
smallx due to baryon-number conservation. As explained in
m- (2.6 Refs.[13,9], it is not obvious at this stage whether the va-
lence distributions indicate shadowing or antishadowing
without accurate neutrino-deuteron scattering data and also
small x nuclear data. Therefore, this functional form should
We assume saturation of the function(x,A,Z) at x  be considered as one of possible options:
—0. It is considered to be a reasonable assumption unless

(function ofx, A, andZ)«

3. Saturation of shadowing or antishadowing

there is a peculiar mechanism to produce singular behavior at 1 \a(A,Z)+bx+cx?
smallx. As far as the experiment&l,/F> data suggest, the Wi(x,A,Z)=1+| 1- AR Y
shadowing at smalt tends to saturate as—0. If this satu- (1=x)
ration is assumed, the weight function becomes )
“quadratic type.” (2.9

ai(A,2), (2.77  We call this weight function the quadratic type in the follow-

w;(x—0,A,Z2)=1+ ) ) .
ing discussions.

1_m
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If the next polynomial ternd;x3 is added in addition, the TABLE I. Nuclear species, references, and data numbers are

function becomes more flexible in fitting the data: listed for the used experimental data wif=1 Ge\?.
1 \a(A,Z)+bx+cx?+dx3 Nucleus Experiment Reference No. of data
Wi (X,A,Z)=1+|1—— ,
A3 (1_X)ﬁi He SLAC-E139 [20] 18
NMC-95 [23] 17
“cubic type.” (2.10 Li NMC-95 [23] 17
Be SLAC-E139 [20] 17
We call this weight function the cubic type. An advantage of ¢ EMC-88 [14] 9
the additional term is, for example, that the weight function EMC-90 [15] 5
beco_m.e_s_ flexible _enough to _accommodatg both SLAC-E139 [20] 7
p033|b|lltles—shado_wm_g and. anushadoyvmg—ln the NMC-95 [23] 17
valence-quark distributions. A disadvantage is that the num- ENAL-E665-95 [25] 5
ber_ of tc_JtaI parameters becomes larger, so that the total com- N BCDMS-85 [21] 9
puting time becomes longer. A SLAC-E49 18] 18
These quadratic and cubic functional types are used in our

2 . - . . SLAC-E139 [20] 17
x° analyses. Finding the optimum point for the parametriza- EMC-90 [15] 5
tion setA W% expect to explain the major features of the mea- NMC-95 23] 16
suredF5/F5 ratios. SLAC-E139 [20] ;
FNAL-E665-95 [25] 5
Ill. ANALYSIS METHOD Fe SLAC-E87 [17] 14
In addition to the initial functional form, there are other SLAC-E140 [19] 10
important factors for performing thg? analysis. In this sec- SLAC-E139 [20] 23
tion, the details are discussed on used experimental data and BCDMS-87 [22] 10
our x? analysis method. Cu EMC-93 [16] 19
Ag SLAC-E139 [20] 7
A. Experimental data Sn EMC-88 [14] 8
There are many available experimental data which could xe FNAL-E665-92 [24] 5
indicate nuclear parton distributions. However, we restrict Au SLAC-E140 [19] L
the data to those taken by deep inelastic electron and muon SLAC-E139 [20] 18
scattering. Neutrino, Drell-Yan, and other hadron-collider FNAL-E665-95 [25] >

data are not used in our present analysis with the followingrgtg) 309
reasons. At first, we would like to investigate how the distri-
butions are determined solely by electron and muon scatter-

ing data. Next, as is mentioned in Sec. I, nuclear modificafor the following nuclei: heliun{He), lithium (Li), beryllium
tion of F3 is not measured in neutrino scattering. In hadron-Be), carbon(C), nitrogen(N), aluminum(Al), calcium(Ca),
hadron reactions, there are also issueK déctors and final jron (Fe), copper(Cu), silver (Ag), tin (Sn), xenon(Xe), gold
state interactions. In a future version of our analysis, we will oy), and lead(Pb). As explained in the next subsection,
consider including other data. _ Q2=1 Ge\? is taken as the point where the parton distri-
At this stage, the available nuclear data are mainly on thg,sions are defined. Because the published data include
F, structure functions in the electron and muon scatteringsma”eer points, it is necessary to choose the ones with
Experimental results are shown by the ratio large enoughQ? which could be considered in the perturba-
A 2 tive QCD region. The only data witQ?=1 Ge\? are taken
Ré (x,0%)= F2(x,.Q%) _ (3.1) into account in they? analysis. The total number of the data
2 FZD(X,QZ) is 309.
We show thex andQ? points of the data employed in Fig.
Information about the used experimental data is given i2. The SLAC data are restricted to the lasgand smallQ?
Table I, where nuclear species, references, and data numbeegion. Because the SLAC data are taken for many nuclear
are listed. The experimental data are taken from the publicaspecies, their data are very valuable for our analysis. How-
tions by the European Muon CollaboratiBMC) [14—16  ever, they cannot address the issue of shadowing due to the
at the European Organization for Nuclear Rese@@ERN),  lack of smallx measurements. The BCDMS data are also
the E49, E87, E139, and E140 Collaboratiphg—2( at the  taken in the largex region. The difference from the SLAC
Stanford Linear Accelerator Cent¢BLAC), the Bologna- measurements is that the BCDMS data have |§gealues.
CERN-Dubna-Munich-Saclay (BCDMS) Collaboration There exist a larg€? gap between the SLAC and BCDMS
[21,22 at CERN, the New Muon CollaboratigfNMC) [23]  data sets, which may enable us to investigate nud@ar
at CERN, and the E665 Collaborati¢f4,25 at the Fermi  evolution. On the other hand, the EMC, NMC, and E665
National Accelerator LaboratorfFNAL). The data used are data are almost in the same kinematical range. Because these
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500 Because the valence-quark distributions in a nucleus are
® NMC much different from the ones in the proton, we should be
wod 2 SLAC — careful in defining the weight functiow;(x,A,Z). If there
§ e EMC _..' were no nuclear modification, in other words, if a nucleus
O * E665 _— ‘di were described simply by a collection of protons and neu-
9 s BCDMS . .{ﬁ 83 o trons, the parton distributions in the nucleisre given by
a 104 é AAa
< o g?- o AFE(X, Q) no mod= Z P(X,Q) +NFI(x,Q?),
Wy —
r“g o, oAl where f;=u,, d,, g, or g. (3.5
1 T o T -
0.001 0.01 x 0.1 1 The functionsfP(x,Q?) andf(x,Q?) arei-type distributions

in the proton and neutron, respectively. Isospin symmetry is
FIG. 2. Kinematical range is shown by plottigandQ? points  usually assumed for the parton distributions in the proton and

of the used data. the neutron:

data include smalk points, it is possible to investigate the uy=dP=d,, dy=uj=u,,

shadowing region as well as the medicnmodification part. ___

However, the data have rather sm@fl values in a restricted q"=g’=q, g"=gP=g. (3.9

Q? range at smalk. It suggests that it is difficult to deter- o
mine the nuclear gluon distributions from the scaling viola- T"€n, the nuclear parton distributions become

tion at smallx. In order to obtain the smalleror largerQ? 2 2

data than those in Fig. 2, we should wait for a next genera- U(%,Q2) 1o mod= ZU,(x,Q7) + Ndy(x,Q ),

tion project such as HERA-ef26] or eRHIC[27]. A

Zd,(x,Q%)+Nu,(x,Q?
B. x? analysis A%, Q%) 0 mo= (x,Q )A (x,Q ),
Our analysis is done in the leading ordeD) of ag. The
structure functiorF’z* is expressed in a parton model as EA(Xin)no mod:a(X,Qz)’
FAQ) =3 Xa' Q)+ a %Y. 32 9" (%, Q) o mos=9(x,Q°)- 3.7

As suggested by th&5/F> measurements, 10%—-30%

wheree, is the quark charge, amgl® (EA) is the quark@an- ~ modification is expected for medium and large size nuclei.
tiquark distribution in the nucleusA. It is noteworthy to ~ The modification from the expressions in E¢8.7) should
mention here that the structure functions and the parton die expressed by the functioms(x,A,Z) at Q3 as discussed
tributions are defined by those per nucleon throughout thig Sec. II:

paper. Although it is now established that each antiquark
distribution is different in the nucled28], there are no data
which could suggest flavor dependent antiquark distributions
in a nucleug 29,30. Therefore, we should inevitably assume
flavor symmetric antiquark distributions

Zu,(x,Q3)+Nd,(x,Q3)
A ,

Uy (x,Q5) =Wy, (X,A,Z)

Zd,(x,Q3)+Nu,(x,Q3)
y :

(%, Q5) =Wy (X,A,Z)
ur=dA=sr=g". (3.3

“A 2y _ A2
Furthermore, the flavor number is taken as 3. Then, the 7%, Qo) =Wg(x,A.2)q(x. Qo).
structure functhn becpme; a summation of valence-quark gA(x,Qﬁ)zwg(x,A,Z)g(x,Qé). (3.9
and antiquark distributions:
y We would like to take a smalD3 value in order to accom-
A 2y _ A 2 A 2 S A 2 modate experimental data as many as possible. On the other
F2(x,Q%)= 5[4UU(X'Q )+d, (% QT)+129%(x,Q%)]. hand, becaFl)Jse the Dokshitzer-Grib%v-LiBatov-AltarelIi-Parisi
(3.4  (DGLAP) equations are used for th@? evolution, Q3
o ) o ) should be large enough so that perturbative QCD can be
The gluon distributiorg”(x,Q?) is not explicitly contained applied. As a point which could compromise these conflict-
in the LO structure function; however, it contributesl—‘té ing requirementsQ§=1 Ge\? is taken.
throughQ? evolution which is described by coupled integro- Next, a set of parton distributions in the nucleon is se-
differential equations wittg*(x,Q?). In this way, we need |ected. There are available CTEQ, GRV, and MRS distribu-
four types of distributionsy”, d?, g*, andg”, for calculat-  tions. However, analytical expressions are not given in the
ing the structure functioﬁ’;. CTEQ paper{1], and the GRV expressions are provided at
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small Q? (0.26 GeV) [2]. Therefore, we decided to use a the same except faa, anday because both weight func-
LO set of MRST (Martin, Roberts, Stirling, and Thorpe tions are expected to be similar. However, at least one pa-
[31], which is conveniently defined &3=1 Ge\2. In this  rameter should be different in order to satisfy the conditions
way, we use the central gluon version of MRST-LO distribu-1 and 2 simultaneously since there are data for nonisoscalar
tions with the scale parametdr, ,=0.1741 GeV in oun? nuclei withZ# N. Among the parameters, three of them can
analysis. Consequently, obtained nuclear distributions in Se®e fixed by the conditions 1, 2, and 3. We use these three
IV become the MRST distributions in the limk—1. conditions for determining,, , a4 , andag.

Because each functiow,;(x,A,Z) still has four or five There are still irrelevant parameters which could be re-
parameters, it is necessary to reduce the total number asoved from the parametrization. Firgg, and B4 describe
many as possible in order to become an efficient analysishe functional shape of the antiquark and gluon distributions
First, there are following obvious constraints 1, 2, and 3 forat largex. However, they are irrelevant in the sense that both
the nuclear distributions. distributions are extremely small at large—for example,

x~0.8. They are not expected to contributeFté signifi-
1. Charge cantly in thisx region. Furthermore, the antiquark and gluon

Nuclear charge has to be the atomic numbBelt can be  distributions themselves are not determined at such bange
expressed in a parton model by considering an infinite mothe nucleon. In this way, we decided to fix the parameters at
mentum frame for the nucleus. Let us consider elastic scai8g=Bq=1. We checked the sensitivity of oy analysis
tering of a real photon with its momentufg|—0 from a  'eSults to this choice. Even ;= ,=0.5 or 2 is taken, we
nucleus. Because each parton is moving very fast, we coulfpund that the obtaineg” changed very little. This fact in-

use a parton picture for describing the process. Then, th@icates thaty® is almost independent of these parameters.
nuclear charge is given as There is another irrelevant parameter. The gluon parameters

by andc, determine the functional form at medium and large
B 2 o= o= = x. However, the gluon distribution does not contributeFtd
Z‘f dx Az (Ut—uT) = 5 (d*=d%) — 3 (s"=s%) directly, so that the detailedl dependence cannot be deter-
mined in the analysis. Thereforg, is fixed atby= —2c,
Ao with the following consideration. Thg? analysis tends to
ZJ dxz[2u,—d,]. (39  favor negativecy. As far ashy is taken to be larger than
—Cq4, the choice does not affect the? to a considerable
The second equation is obtained because there is no nextent. However, ifo, is taken smaller than-cg, it could
strangeness in an ordinary nucleus althosffx,Q?) could  contradict the conditionv;(x—1,A,Z)— + % depending on
be different froms®(x,Q2). The valence distributions are the value ofay. In this way, there are seven free parameters
defined byu*=u*—u” andd?=d"—d* as usual.

b,, ¢, By, a5 by cg ¢ (312
2. Baryon number

Baryon number of a nucleus # and it is expressed in jn the quadratic fit. There are additional parameters in the
the parton model as cubic fit. However, as far as the gluon distribution is con-
1 1 1 cerned, we use the same quadratic form even in the cubic-
A:J dx A{—(UA—UA)-F _(dA_EA)Jr _(SA_?%) type analysis. The structure functiét is rather insensitive
3 3 3 to the gluon distribution, especially in the LO analysis. It
does not make much sense to introduce an additional param-
_ é AL 4A eter for the gluon in the? analysis without the data which
dx[u)+d,]. (3.10 . o) ,
3 could restrict the gluon distribution. In this way, the actual
parameters are
3. Momentum

Nuclear momentum is the addition of each parton contri- p , ¢, d,, B,, a;, by, ¢5 dg, Cq,
bution: (3.13

A=f dx A ur+ur+dh+dh+ 58+ sh+ gt in the cubic fi.
In the theoretical calculations, the nuclei are assumed as
PO, “He, 'Li, °Be, °C, N, *'Al, “°Ca, *%Fe, *°Cu, 19"Ag,
Zf dx Axu,+d;+6g"+g"]. (3.1)  8gp 13xe 197Ay, and 2°%Ph. The initial nuclear distribu-
tions are provided aQ?=1 Ge\? with the parameters in
If the weight functions are the quadratic functional type, theEq. (3.12 or (3.13. They are evolved to the experimental
distributions are expressed by the parametgrs aq , b, , Q? points by the DGLAP evolution equations. Then, ob-
C,, By, ag, by, Cg» By, g, by, Cq, and By. Here, the tained structure-function ratioR’F*2 are compared with the
valence up- and down-quark parameters are assumed to b&perimental values for calculating

034003-6



DETERMINATION OF NUCLEAR PARTON DISTRIBUTIONS PHYSICAL REVIEW D64 034003

12
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1.14

0.8+ He 087 Be
%001 0.01 01 1 %3601 001 01 1
X X
FIG. 3. Fitting results are compared with the helium data. The FIG. 5. Comparison with the beryllium data.

dashed and solid curves are for the quadratic and cubic types, re-
spectively, atQ?=5 Ge\?, whereas the data are taken at various shadowing ak~ 0.15, and shadowing at smaik 0.05 with

Q? points. a minimum number of parameters. However, there are some
restrictions on the distribution shape, most significantly on
(RA-data_ pA.theory)2 the valence-quark distributions. In the cubic-type analysis,
2 2] 2] . i
X=2 (o%ata)2 , (3.14  the shape becomes more flexible due to the additional param-
] o

i eters. Because of the new freedoms, g, obtained should

where the experimental error is given by systematic and statge smaller for the cubic type, however, by sacrificing the

iati datay2__ ¢ sys§2 stafy 2 computation time.

tistical errors as ¢ ) . (U! ) +(U.J - Although the Fitting results are compared with experimental data for all
deuteron structure function is sometimes assumed the same. sed nuclear data in Figs. 3—16. Obtained optimum par-
as the one for the nucleg8,7], the deuteron modification is ton distributions are used for calculating the curvesQat
also taken into account in our analysis simply by seting _ : . . -
—2. With these preparations together with the CERN sub 5 Ge\? in these figures. The dashed and solid curves in

routine MINUIT [32], the optimum parameter set is obtainedaicate the ratios in the quadratic and cubic analyses, respec-
by minimizing y2 ’ P P tively. The experimental data are taken at variQfspoints

as shown in Fig. 2, so that the data cannot be compared
directly with the curves; nevertheles, we can see a general
tendency.

Our analysis results are explained in Sec. IV A in com- Obtained m|.n|mum;(2 values arexpn=583.7 and 546.6
parison with the used experimental data. Then, obtained o0 the quadratic and cubic analyses, respectively, for 309
timum nuclear parton distributions are discussed in Sedotal data points. Because thé per degrees of freedom is
IV B. given by x2,./Npe=1.93 (quadrati¢ and 1.82(cubio), they

may not seem to be excellent fits. However, it is partly due to
A. Comparison with data scattered experimental data as it is obvious, for example,

from Fig. 9. The data from different experimental groups are

Analysis results are shown for both quadratic and cubiGcattered particularly in the smallregion, and they contrib-
types. A minimal functional form is the quadratic type ac- e tg x> significantly. Therefore, a slightly larges?,,
cording to the dlscgssmn in Sec. I B. It is minimal in the (x2./Npe>1) is unavoidable whatever the analysis method
sense that the major features of the measured r&@s is.
could be described in the wholeregion including an in- From the figures, we find that the experimental shadowing
crease at large~0.9, depletion at medium at~0.6, anti-  at smallx<0.05 and antishadowing at-0.15 are generally

IV. RESULTS

12

12

1.14 114

0.8 0.8

0.7 7 T 0.7 T T
0.001 0.01 0.1 0.001 0.01 0.1

X X

FIG. 4. Comparison with the lithium data. FIG. 6. Comparison with the carbon data.
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FIG. 8. Comparison with the aluminum data.

0.1

FIG. 9. Comparison with the calcium data.
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FIG. 10. Comparison with the iron data.
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FIG. 11. Comparison with the copper data.
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FIG. 12. Comparison with the silver data.
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FIG. 13. Comparison with the tin data.
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FIG. 14. Comparison with the xenon data.
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e _— grees of freedom make it possible to adjust the distribution
o E140 shapes to the data. There is a 20% improvement in the
1.1 iron from the quadratic analysis to the cubic one; however,

1 the difference is not very clear in Fig. 10 within the region
where the data exist, except for the-0.1 region.

From Figs. 3—16 and Table II, we find that the analyses
with the quadratic and cubic functional types are both suc-
cessful for reproducing the major experimental properties. It
is obvious from they? comparison that the cubic results are
better. However, because th& improvement is not very
0.001 001 01 large and both curves look similar in Figs. 3—16, both results

X could be taken as possible nuclear distributions.

FIG. 15. Comparison with the gold data.
B. Obtained parton distributions

well reproduced by the analysis. There are slight deviations The optimum weight functions obtained in the helium,
from the data at mediumfor carbon and nitrogen. However, calcium, and gold nuclei are shown in Figs. 17 and 18 for the
if we try to explain the carbon and nitrogen data at mediumquadratic and cubic analyses, respectively. Because valence
X, we overestimate the depletion for the beryllium, silver, andup- and down-quark functions are the same for isoscalar nu-
gold as obvious from Figs. 5, 12, and 15. The fit is also noftlei and they are very similar in other nuclei, only the va-
excellent for the helium at medium The reason could be lence up-quark functions are shown in these figures.
that the helium nucleus is an exceptional tightly bound sys- First, the quadratic results are explained. The valence-
tem which cannot be explained by the simpla*y behav-  quark distributions have depletion at mediurbecause they
ior. should explain the modification of the ratiﬁé2 atx~0.6.

There are 'typl_cal differences betwe'en the 'quadranc an%ecause of the assumed quadratic functional form with the
cubic curves in Figs. 3-16. They are different in the small 500 number constraint, the valence distributions show an-
region, where there are not so many experimental data. Thespaqowing property at smatl It indicates 2.6% antishad-
quadratic curves are above the_ cubic ones at SKE0L001 owing for the calcium nucleus at=0.001. It is noteworthy
<x<0.01), but they are below in the region 0:08<0.14. 1 eiterate that this quadratic type could not allow a shad-
SOl clNves agree well in the Iargxereglor}, where therg—:- are owing property for the valence-quark distributions, so that it
many experimental data. Erqm these figures, we f|nd. tha(!ioes not agree with a shadowing prediction—for example, in
both arjalyses results are similar except for the minor differpqs [33]—although it could agree with a parton-model
ences in tzhe smgbl region. ) ) analysis of Refs[6,13] and also with the one in Ref34].

Eazch)( contribution is listed in Table II. We notice that \eyt the antiquark distributions should explain the shadow-
the x© values per data are especially larger for the carboni,ng of F, at smallx, so that they also have a shadowing
calcium, and gold nuclei than the average. Because the NMSroperty atx=<0.07. The antiquark shadowing is about 20%

errors are very small, slight deviations from the NMC datag, e caicium. The antiquark weight functions increase as

produce largey? values. For example, the calcium data at ecomes larger. They cross the ling=1 at x~0.08 and
x=0.25 have peculiar behavior which cannot be reproduceg ' '

by a smoothx dependent function, yet they have small errors TABLE II. Each y? contribution.
which contribute significantly to the total’.
From the cubicy? values in Table Il in comparison with Nucleus No. of data x? (quad x? (cubig

the quadratic ones, we find significagt improvements in

carbon, calcium, iron, and gold, however, by sacrificing theH_e 35 55.6 54.5
x? values for lithium, aluminum, and tin. The additional de- Li 17 45.6 49.2
Be 17 39.7 384
12 C 43 97.8 88.2
* E665 N 9 10.5 10.4
Al 35 38.8 41.4
Ca 33 72.3 69.7
Fe 57 115.7 92.7
Cu 19 13.7 13.6
Ag 7 12.7 115
Sn 8 14.8 17.7
Xe 5 3.2 2.4
o7 . ‘ Au 19 55.5 49.2
0.001 0.01 0.1 Pb 5 7.9 7.6
* Total 309 583.7 546.6

FIG. 16. Comparison with the lead data.

034003-9



M. HIRAI, S. KUMANO, AND M. MIYAMA

Q*=1GeV?

valence

0.1

0.001 001
x

0.1

PHYSICAL REVIEW D 64 034003

LO analysis; however, our analysis tends to rule out the
gluon antishadowing at smatl

We performed a cubic analysis to get better agreement
with the data by additional adjustable parameters. However,
as shown in Fig. 18, the functions obtained are similar to
those in Fig. 17 except for the valence functions at small
Now, the valence distributions have freedom to have a shad-
owing or antishadowing property at smallIn fact, the re-
sults show shadowing for the valence distributions at very
small x; however, the magnitude is fairly small, 0.1%at
=0.001. The bump oRé2 in the region 0.xx<<0.2 is ex-

plained mainly by the antiquark distributions. This situation
is very different, for example, from the picture in REB3],
where the bump is explained mostly by the valence distribu-
tions. Of course, th&, data are not enough to separate the
valence and sea distributions, so that we should wait for
future experimental activities, especially at a neutrino factory
[9], for precise information.

The antiquark weight functions in the cubic analysis are
similar to the ones in the quadratic case. We expected the
possibility of much wild behavior. For example, it has shad-

FIG. 17. Weight functions obtained for the helium, calcium, and®Wing at small, antishadowing ax~0.15, depletion at me-
gold nuclei in the quadratic analysis. Only the valence up-quarlium X, and rise at large. However, even if the input anti-
functions are shown as the valence distributions.

continue to increase. The gluon weight functions have a
similar property to the antiquark functions except that th
shadowing is smallef7% for Ca and that the crossing point
is slightly larger ¢~0.2). A similar functional form is ob-

tained partly due to the momentum-conservation constrain
The gluon distribution does not contribute significantly in the

e

valence -

0.001 0.01
x

0.1

quark distributions are given by this functional type in gdr
analysis, they converge to the functions in Fig. 18.

As mentioned in the previous section, the gluon distribu-
tions are assumed to be the quadratic functional form even in
the “cubic” fit. Therefore, the obtained functions are very
similar to the ones in Fig. 17. We also tried the cubic type for
he gluon. The additional facta)rgx3 controls the behavior at

\targex. However, the medium and largebehavior is almost

irrelevant for the gluon, especially in the LO analysisFof
Therefore, it is very difficult to control the gluon parameters
in a meaningful way within thg? analysis. For example, the
x? fit could produce an unphysical negative gluon distribu-
tion at largex if loose bounds are given for the parameters. It
is almost meaningless to introduce the additional freedom at
largex without the data which could restrict the gluon distri-
butions themselves. This is the reason why we decided to
have the quadratic gluon distributions even in the “cubic”
analysis.

We find in Figs. 17 and 18 that the variations from the
calcium (A=40) to gold A=197) are small. Therefore, the
obtained parton distributions could be extrapolated into the
distributions in a nucleus with a larger mass numbAr (
>208), which is outside the analyzed nuclei in this paper.

Next, errors are discussed on the obtained weight func-
tions. As an output of thg? fit by theMINUIT subroutine, the
optimum parameters and errors are obtained. The error ma-
trix has a complicated form with nondiagonal elements. It is
not straightforward to perform a rigorous error analysis with
the complicated error matrix. The project is, for example, in
progress as an activity of the Asymmetry Analysis Collabo-
ration (AAC) [4], and there are also recent studies in Ref.
[35]. Here, we employ a simple method which is used for

FIG. 18. Weight functions obtained for the helium, calcium, andexample in Ref[36]. Effects of themiNuIT errors onw; are
gold nuclei in the cubic analysis. Only the valence up-quark funccalculated exclusively for each parameter, and then maxi-
tions are shown as the valence distributions.

mum variations are shown as errors in the functign The
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FIG. 21. Parton distributions for calcium are shown. The dashed
and solid curves indicate the quadratic and cubic results, respec-
tively. For calcium, the valence up- and down-quark distributions
are the same.

as the functional form is fixed. However, there are uncertain-
ties in the smalk behavior since both valence functions are
different at smallx in Figs. 19 and 20. This kind of error,
originating from the assumed functional form, is not taken
into account in the error bands of these figures.

The antiquark functions have some errors at smjaibow-

quadratic analysis. For an isoscalar nucleus like calcium, the vaever, they are obviously shadowed at smxallhe errors and
lence up- and down-quark functions are the same.

the distribution shapes are very similar at snxat Figs. 19
and 20. Another interesting point is that both errors are very

calcium results are shown in Figs. 19 and 20 for the quadifferent in the mediunx region,x>0.1. Therefore, the an-
dratic and cubic analyses, respectively. In an isoscalatiquark weight function cannot be well determined sat
nucleus like the calcium, the valence up-quark function is the>0.1, and it depends on the assumed functional form. There
same as the valence down-quark function. The valence-quaghould be also differences in the largeregion. However,
functions have some errors around the minimum point at because the antiquark distributions are very smai=a0.4
~0.7; however, the smaX region is well determined as long and they do not contribute t&, significantly, the largex

N Q*=1GeV?
(S
QO -
2
-~
£ 0.9
ES ~
| valence
074 ‘ ‘
0.001 0.01 )
X
1.2
1.1 Q%*=1GeV? m
: ff ‘i”
QO ‘ |
| i IH
. T
(AT i
0.8
07 ‘ ‘
0.001 ) 01

FIG. 20. Weight functions with errors for the calcium in the

cubic analysis.

antiquark distributions are not important unless we consider
a reaction which is sensitive to them.

As shown in Figs. 19 and 20, the gluon weight functions
have large errors in the wholeregion. The first reason for
the large errors is that the analyses are done in the leading
order, and the second is that oty data are used for thg?
analyses. Nevertheless, it is interesting to find that the gluon
distributions are shadowed at smaleven if the errors are
taken into account. Next, there is a tendency of increase as
becomes larger. Determination of largeluon distributions
is not possible in the present analyses. From the simple esti-
mate, we showed the errors in the weight functions. How-
ever, these studies are intended to give rough ideas on the
errors. In the future, we try to investigate a more complete
error analysis.

Using the results for the weight functions, we show the
parton distributions for the calcium nucleus ap?
=1 Ge\ in Fig. 21. The dashed and solid curves are the
quadratic and cubic analysis results, respectively. From the
Fé\ measurements, the quark distributions are relatively well
determined. For determining the gluon distributions and the
details of the quark distributions, we need to use other reac-
tion data. Especially, future hadron-collider data should be
useful.

From these analyses, we clarified how well the nuclear
parton distributions can be determined only by the measure-
ments of the structure functiors,. As mentioned in the
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Introduction, the nuclear parametrization is still premature in
the sense that theoretical and experimental efforts are neces-
sary for determining the accurate distributions. As far as the
parametrization fit is concerned, much detailed analyses
should be done as an extension of our present studies. On the
other hand, the authors hope that experimental efforts will be
made for probing the valence-quark distributions at small

by a neutrino factory and for finding the antiquark and gluon
distributions by hadron colliders such as RHIC.

PHYSICAL REVIEW D 64 034003

Wg, =1+ AL

adv(A,Z)+0.6222<—2.858(2+ 2.55%3
X (1_X)0.8107 !

1
Wo=1+

Our studies should be also important for investigating the q a A_l’?’

parton distributions in the nucleon. As mentioned in Sec. |,

nuclear data have been used partially for obtaining the parton
distributions in the nucleon. In particular, neutrino data are

important for determining the valence-quark distributions;

however, the data are taken, for example, for the iron

nucleus. We need to feed back our studies to readjust the
distributions in the “nucleon.”

—0.3313+6.995— 34.1 %>+ 62.54°

X 1—x ’
1

-

ag(A,Z)+0.800&— 0.4004*

=1+
wy,=1 T—x

g

(5.0
V. PRACTICAL NUCLEAR PARTON DISTRIBUTIONS . .
The nuclear dependent constants are listed in Table Il for the

The nuclear parton distributions obtained in our analysegluCIeI use_d. They depend on the mass nur#band atomic
numberZ in general.

could be used for studying other high-energy nuclear reac- ; ; S

tions. We propose two types of distributions which are ob- As is obvious from the table, there is significant nuclear
tained in the quadratic and cubic type analyses. Because tﬁgpendenge in the pargmeta[;sv andadv. Howm_aver, the de-
x%in is smaller for the cubic type, we prefer it to the qua- Pendence is so small in the paramedgrthat it cannot be
dratic type. The distributions are provided either in the anaShown in the table. These parameters are the same for iso-
lytical form at Q=1 Ge\? or in the form of computer scalar nuclei becguse qf the conditions in E&s9), (3.10_),
subroutines. Although there could exist distributionsxat @nd(3.1D, and this fact is clearly shown in the Appendix. If

>1 in a nucleus, such largedistributions are not provided ©°"€ would like to have analytical expressions for a nucleus

in our studies as explained in Sec. Il B. The analytical exWhich is not listed in Table IlI, there are the following two

pressions are given in Sec. V A; the subroutines are expossibilities. The first method is that one calculags aq ,
plained in Sec. V B. and a4 so as to satisfy the conditions of nuclear charge,
baryon number, and momentum in Ed8.9), (3.10, and
(3.11) for one’s chosen nucleus.
For those who think this calculation is tedious, we prepare
The analytical expressions are given @=1 Ge\?. an alternative method. Using the three conditions, we find
Therefore, one needs to evolve the distributions to a specifithat a, , a4 , and ay can be expressed in terms of eight
Q? point by one’s own evolution code withAMSST c
=0.1741 GeV. If it were the case whe®¥ dependence can TABLE Ill. Parametersa, , aq , andag obtained for the nuclei
be neglected, one may use analytical distributions withoutised in the cubic analysis.
evolution. The nuclear distributions should be calculated by
Eq. (3.8 with the obtained weight functions and MRST-LO Nucleus ay, ag, ay
(central gluonm distributions[31]. However, one should be

A. Analytical expressions

careful that the antiquark distributions are slightly modified :8'885152 :g'ggi;g :8'1228
from the original form so as to become flavor symmetgc, . B 0'002690 B 0'001716 B 0'1560
=sea (MRST)/6, because the antiquark flavor asymmetry is Be _0'002571 —0.001815 —0.1560
not taken into account in our nuclear analyses. c 0.002178 0002178 01560
1. Type I: Cubic fit N —0.002178 —0.002178 —0.1560
T o Al —0.002306 —0.002054 —0.1560
We call the cubic distributions type | distributions. The —0.002178 —0.002178 —0.1560
weight functions obtained in the cubic fit are Fe 0.002427 —0.001941 01560
Cu —0.002456 —0.001916 —0.1560
1 Ag —0.002610 —0.001782 —0.1560
A BN TE Sn ~0.002726  —0.001686  —0.1560
Xe —0.002814 —0.001616 —0.1560
a, (A,Z)+0.622%— 2.85%%+ 2.55%> Au —0.002902 —0.001549 —0.1560
X — Pb —0.002955 —0.001509 —0.1560

( 1— X)O'8107 !
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integrals, which are nuclear independent, together &viimd  computer codes in Ref37]. Two kinds of subroutines are

Z. The details of this method are so technical that they arenade. First, there is a subroutine for the used nuclei in this
discussed in the Appendix. If one still thinks that these calpaper. For other nuclei, we prepared a second one.
culations are too much work to do or if one does not have a First, if one wishes to calculate the distributions in the
Q? evolution subroutine, one had better use the computefyclei used—D,*He, Li, Be, C, N, Al, Ca, Fe, Cu, Ag, Sn,
codes explained in Sec. V B for getting numerical values ofxe  Au, and Pb—one should use the first code. In addition,
the parton distributions. we prepared the distributions in the nucleon because we
modified the MRST antiquark distributions as flavor sym-
metric in our studies. The kinematical ranges are *Ex

We call the quadratic distributions type Il distributions. <1 and 1 Ge¥=Q?<10° Ge\~. The variablex and Q?

2. Type II: Quadratic fit

The weight functions obtained in the quadratic fit are are divided into small steps. Then, a grid data set is prepared
5 for the parton distributions in each nucleus. Because the scal-
1 auv(A,Z)—O.2593x+0.2586x ing violation is a rather small effect, a simple linear interpo-
Wuv:1+ 1- A_1’3 (1—x)2108 ' lation in logQ? is used for calculating the distributions at a
given Q2. On the other hand, because thelependence is
1 \ag (A,Z)—0.2593+0.2586x> more cc_)mplicate_d, a c_ubic spling interpolation i§ use(_j for
wg =1+|1- — v X ’ calculating the distributions at a givenpoint. Eunmng this
’ A (1=x)% code, one obtains the distributiors’, xd’*, xg*, andxg*
) for a specified nucleus at a givenand Q? point. Even
wo=1+]1- i —0.2900+ 3.774x— 2.236x though the antiquark distributions are flavor symmetric at
q A3 1-x ' Q%=1 Ge\?, they are not symmetric at differef®? in

next-to-leading ordef28]. However, because sud? evo-

1 ag(A,Z)+O.4798x—O.2399x2 lution effects do not exist in leading order, the antiquark
Wg=1+{1- T 1—x . distributions are consistently flavor symmetric at a3
A Second, if one would like to have the distributions in

(5.2 other nuclei, one should use the second code. Here, the ana-

The nuclear dependent parameters are listed in Table IV. V\)é(ti(_:al expre.ssions in Sec. V A are used as the initial distri-
find that theA dependent variations are very small in thesePutions. Atfirst, the constangg, , a4 , andag are calculated
parameters of the quadratic fit. If one needs expressions f®@0 as to satisfy the charge, baryon-number, and momentum
other nucleus, one should evalua@v, ag, andag as sug- conditions for a given nucleus with apd Z. Then, they are
gested in the type | section. evolved to a requested and Q? point by the ordinary
DGLAP evolution equations in Refl11]. However, one has
to be careful about the requested nucleus in the sense that it
should not be too far away from the used nuclei. For ex-
If one needs to have nuclear parton distributions in a nuample, we do not support the distributions in an extremely
merical form at a giverx and Q? point, one may use the unstable nucleus with large neutron excess. Strictly speaking,
huge nuclei withA>208 are also outside our supporting
TABLE IV. Parameters, , aq , andag obtained for the nuclei  range. However, as obvious from Figs. 17 and 18, variations

B. Parton distribution library

used in the quadratic analysis. of the parton distributions are already very small between
calcium withA=40 and gold withA=197, so that the ex-
Nucleus a, ag, ag trapolation fromA =208 to nuclear matter isxpectedo be
D 0.03745 0.03745 —0.09391 reliable. The details of the usage are explained in R3H].
He 0.03745 0.03745 —0.09391 In the second code, it takes time for getting results be-
. . : 5 ; ) .
Li 0.03709 0.03776 —0.09392 fauselttzeQ e\{[olungn (;alcullatul)rls ::honzqr?_eb ct(_)mpuftlng
Be 003717 0.03770 0.09392 ime. L oes not matter to calculate the distributions for a
few Q“ points. However, if one would like to use it fre-
C 0.03745 0.03745 —0.09391 . .
quently, one may try the following. The second code is pre-
N 0.03745 0.03745 —0.09391 N
Al 0.03736 0.03753 009391 pared so that one could create a grid file for a requested
c 0'03745 603745 0'09391 nucleus. Then, one can use it in the first code, where the
a ' ' e computation is much faster.
Fe 0.03727 0.03761 —0.09391
Cu 0.03725 0.03763 —0.09391 VI. SUMMARY
Ag 0.03714 0.03772 —0.09392
Sn 0.03706 0.03778 —0.09392 We have done global analyses of existing experimental
Xe 0.03700 0.03783 —0.09393 data on nucleaf, for obtaining optimum parton distribu-
Au 0.03694 0.03788 —0.09394 tions in nuclei. Assuming a simple yet reasonable oveXall
Pb 0.03690 0.03790 —0.09394 dependence, the nuclear parton distributions are expressed in

terms of a number of parameters. Quadratic and cubic func-
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tional forms are assumed for tixedependence. The param-

PHYSICAL REVIEW D 64 034003

TABLE V. Values of the integrals are given.

eters have been determined ¥ analyses. As a result, we

obtained a reasonable fit to the measured experimental datdntegral Type | Type Il
of F,. The valence-quark distributions are relatively well de- : — 0.0007990 01474
termined except for the fact that the smalpart depends |1 0'008540 0 '05297
slightly on the assumed functional form. The antiquark dis- 2 ' .
tributions are reasonably well determined at smxalhow- s 2406 3.768
ever, the largex behavior is not obvious from thE, data. 4 1.148 1.583
The analyses indicated that the gluon distributions are shad- Is 0.4777 1.157
owed at smalk: however, they cannot be well determined by le 0.1772 0.3629
the presenf, data, especially in the largeregion. 17 0.08326 —0.007650

We have proposed two types of nuclear parton distribu- s 0.5246 0.5246
tions which are obtained by the quadratic and cubic type
analyses. They are provided either by the analytical expres-
sions atQ?=1 Ge\? or by computer programs for calculat- H,(x) agtHg(x) —
ing them numerically. Our analyses should be important not |7=f dx X ————-{u, () +d, ()} + —7— —6a(x)
only for understanding the physics mechanisms of nuclear (1=x)%
modification but also for applications to heavy-ion physics. Hy(X)
Our results could also shed light on an issue of the present  + -2 q(x)|,
parton distributions in the nucleon because nuclear data have 1-x
been partially used in the “nucleon” analysis.
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APPENDIX: NUCLEAR DEPENDENT PARAMETERS dent parameters as

tions are those in the nucleon. The functidhgx) are the
"§he given in Eq(2.9). The integral values are numerically

Using these integrals, we can express the nuclear depen-

From the conditions of nuclear charge, baryon number, Zl,+(A-2)1,
and momentum, the nuclear dependent parameiersay , auU(A,Z)Z - m,
andagy can be expressed in terms of eight integrals together
with A and Z. It has the advantage that these integrals are
nuclear independent. Therefore, reading the numerical values (A,Z)=— Zlp+ (A=)l
of the integrals and using the equations in this section, one 9,17 Zly+(A=2)l135°
can easily calculate the values af , aq , andag for any
nuclei. The necessary integrals are the following: 1 Z Z

aq(AZ2)=——|a, (A,Z2){=ls+|1——]lg
9 lg| M A A
H,(x) H,(x)
= dx—ﬁuv(x), l,= dx—ﬁdv(x),
(1=x)P (1=x)P < _“
+ag (AZ) AI6+ 1 A I +17].

I —de;u x), |1 —fdx;d (X)
S T e

Y PV M PO
57— X(]_—X)Bvuv(X), 6 X(l_X)BU U(X)a

analyzed nuclei.

(A2)

From Table V and Eq(A2), it is possible to calculate the
parton distributions in any nucleus. However, we recommend
to use our results for a nucleus which is rather close to the
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