PHYSICAL REVIEW D 69, 074028 (2004

Nuclear parton distributions at next to leading order
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We perform a next to leading order QCD global analysis of nuclear deep inelastic scattering and Drell-Yan
data using the convolution approach to parametrize nuclear parton densities. We find both a significant im-
provement in the agreement with data compared to previous extractions, and substantial differences in the scale
dependence of nuclear effects compared to leading order analyses.
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. INTRODUCTION X?/Npg values in global QCD fits to daf,7].
There are also some caveats inherent to the particular ap-
Ever since the discovery, two decades ago, that quark angroaches implemented so far, that define NPDF in terms of
gluons in bound nucleons show momentum distributions nonucleon PDFs and a multiplicative nuclear correction factor
ticeably different from those measured in free or less boundt a given initial energy scale, from where they are evolved.
nucleons[1], the precise determination of nuclear partonin the first place, NPDFs defined in this way have their mo-
densities has awakened growing attention, driving both inmentum fraction per nucleon restricted to be less than or
creasingly precise and comprehensive nuclear structure funegual to unity, what excludes from the description, and also
tion measuremen{], and a more refined theoretical under- from the evolution, a portion of its natural kinematical range.
standing of the underlying physics. The precise knowledg®f course, unless one is specifically interested in that region,
of nuclear parton distribution functiof®IPDF9 is not only  this approximation is expected to imply a minor correction,
required for a deeper understanding of the mechanisms assalthough one cannot discard the excluded region as a source
ciated with nuclear binding from a QCD improved parton of new and interesting information.
model perspective, but it is also the starting point for the Much more problematic in these approaches is that the
analyses of a wide variety of future and ongoing high energyactual shape of the nuclear correction factor required to re-
physics experiments, such as heavy ion collisions at Relativeroduce accurately the data implies very capricious func-
istic Heavy lon Collider(RHIC) [3], proton-nucleus colli- tions, with a large number of parameters, and which in prac-
sions to be performed at CERN Large Hadron Collidertice precludes the numerical computation of the scale
(LHC) [4], or neutrino-nucleus interactions in long baselinedependence at next to leading ord®iLO) accuracy. The
neutrino experimentgs], for example. Consequently, the ac- actual computation of structure functions and evolution
curacy of NPDF is rapidly evolving into a key issue in many equations at this order implies several convolution integrals
areas of particle physics. very difficult to evaluate unless Mellin transform techniques
From the point of view of perturbative QCD, the extrac- are applied.
tion of NPDFs can be done in close analogy with what is In this paper we show that a much more convenient alter-
done for free nucleons: they are considered as nonperturbaative to deal with nuclear effects is to define NPDFs using a
tive inputs, to be inferred from data, whose relation to theconvolution approach. In such a framework the free nucleon
measured observables and energy scale dependence are carton densities are convoluted with very simple weight
puted order by order in perturbation theory. Although onefunctions that parametrize nuclear effects. The convolution
cannot discard larger higher twist power corrections than irmethod naturally takes into account the actual range of
the case of free nucleons, or even some sort of nuclear rewucleon momentum fractions, allows via Mellin transform
combination effect, factorization and universality of NPDFstechniques a straightforward numerical evaluation of the
are expected to hold in a very good approximation, over &LO scale dependence, leads to extraordinarily accurate
wide kinematical range in the present experiments. NPDFs with relatively few parameters, and, finally, allows us
At variance with nucleon PDFs, which driven by the de-to interpret the nuclear modifications in terms of a very
mand of more and more precise predictions, have attained isimple mechanism of rebalance of momentum fractions be-
the last years an impressive degree of accuracy and refineween the distributions. The success of the convolution ap-
ment, NPDF extractions are in a considerably earlier stage giroach comes from the fact that the momentum fraction de-
the development. Not only is the number and diversity ofpendence of nuclear effects is strongly correlated to that of
nuclear data much more reduced, but the analyses are rpartons in free nucleons, as shown in rescaling mddd)sa
stricted to leading orde(LO) accuracy, with rather crude feature which is explicitly included by the convolution.
parametrizations of nuclear effects which lead to poor As an example of feasibility of the convolution approach
we obtain for the first time a full NLO extraction of NPDFs
from a large number of nuclear DI®-12] and Drell-Yan
*Electronic address: deflo@df.uba.ar data[13]. We also assess the differences between the LO and
"Electronic address: sassot@df.uba.ar NLO extractions, finding that although the quality of fits to
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present data is comparable in both approximations, there atge initial scale. In most analyses the evolution equations are
important differences between th@? dependence of the also constrained to9xy<1, losing the possibility of ana-
nuclear correction factors using either LO or NLO extrac-lyzing nuclear effects beyornxh>1 at any other scale. No-
tions. This, for example, questions the use of LO factors withtice that even if NPDFs were constrained to be zeroxfer
NLO nucleon parton densities to generate NPDFs in NLO>1 at a given scale, the complete evolution equations would
computations, as it is common practice. produce nonzero values for other scales in the range,of

In the following section we summarize the main motiva- neglected by the approach, leading to a possible violation of
tion and features of the convolution approach. In the thirdnomentum conservation. On the other hand, the direct pa-
section we present the details and outcome of the NLO anghmetrization of the ratioR;(xy,Q? A,Z) require many pa-
LO NPDF extractions, comparing our results with previousrameters and evexy dependencies whose Mellin moments
LO analyses. In the last section we discuss the differencesannot be put into a closed expression.
between LO and NLO extractions of NPDFs, computing the A much more adequate alternative to E8) is to relate
one hadron production cross section with them as an exNPDFs to standard PDFs by means of a convolution
ample, and present our conclusions.
dy (XN

A
f{xn,Q5) = JXNVWi(y’A:Z)fi 7,Qc2)>, ()

Il. NPDF
The description of DIS processes off nuclear targets
—e'X is customarily done in terms of the hard sc&8,
defined as minus the virtuality of the exchanged photon an
a scaling variable,, and the analogue to the Bjorken vari-
able used in DIS off nucleons

where the weight functiolWV,(y,A,Z) now parametrizes the
aluclear effects and can be thought of as the effective density
of nucleons within the nucleus carrying a fractiphA of its
longitudinal momentum. In addition to allowing the full ki-
nematical range for NPDFs, this kind of approach has been

Q2 shown to lead to remarkably good parametrizations of
Q’=—0?% Xp= , (1)  nuclear effects with very few parameters, and with a smooth
2pa-q A dependencgl4]. For example, neglecting nuclear effects,

the effective nucleon density is justv(y,A,Z)=Ad(1
—vy), and simple shifts in the momentum fraction carried by

) . ; / nucleonsW,(y,A,Z)=A8(1—y— €) have been shown to re-
as Wlth the standard_ Bjorke_n variable. Alternatlvely, one Carbroduce inla very good approximation many features of the
define another scaling variable,=Ax,, whereA is the known nuclear modifications to structure functions.

masl,s number 0‘; the r_1uc|eusi Udr_ldte_rbthtedaESLtj\Tpt|ort\hthtatfthe The convolution approach also allows us to perform the
nUCieus momenturp, 1S evenly distributed between thal ot o q1tjon in Mellin space, which is much more convenient

the constituent nucleonsy=pa/A, this variable resembles numerically, and almost mandatory for NLO accuracy. De-
the Bjorken variable corresponding to the scattering off freefining yA=Y/A, Eq. (3) reads

nucleonsxy=Q?/(2py- q). However, in a nuclear scattering
context, of course, it spans the intervak@y<A, by defi- 1dy,
nition, and reflects the fact that a parton may in principle fiA(AxA,QS)=J —W(Aya,A,2)f;
carry more than the average nucleon momentum. X YA

When discussing NPDFs the usual approach is to propose ] ) ] ] )
a very simple relation between the parton distribution of a@nd in Mellin space, i.e., taking moments in both sides of Eq.

proton bound in the nucleu!’siA and those for free protorfs (4),

respectively. Herg, is the target nucleus momentum and
consequentlyx, is kinematically restricted to€@x,<<1, just

yA ’QO (4)

fA(xn,Q3) = Ri(xy, Q3 ,A,Z2) fi(xy, Q) (2) FAN,Q9) =Wi(N,A,2)Ti(N,Q)), (5)

in terms of a multiplicative nuclear correction factor where

Ri(xn.Q%A,Z), specific for a gi;/en nucleusA(Z), parton )

flavor i, and initial energy scal®g. This description is con- A 2 zf —1¢A 2

venient since the ratii; (xy , Q2 A,Z) directly compares the f(N.Qo)= 0 dxdHP(AX Qp) ©®
parton densities with and without nuclear effects, and is

closely related to the most usual nuclear DIS observables,q4 similarly forfi(N,Qé) with A=1, and

which are the ratios between the nuclear and deuterium

structure functions. Indeed, we will use this picture to sim- 1

plify the presentation of the output of our analysis. However, Wi(N,A,Z)Ef dxxN W (AX,A,Z). !
this is not the best suited way to parametrize the effects in 0

the intermediate steps of the analysis, nor the best alternative

previously. scaling variablex, , and that the evolution of the NPDF mo-

Since f;(xy,Q?) are defined for 8xy<1, NPDFs de- mentsfiA(N,QS) can be managed with a standard evolution
fined as in Eq(2) area priori restricted to that same range at code in Mellin space.

074028-2



NUCLEAR PARTON DISTRIBUTIONS AT NEXT TO.. .. PHYSICAL REVIEW 69, 074028 (2004

Nuclear structure functions are defined as the average of Charge, baryon number, and momentum conservation im-
the proper combination of the bound proton and neutromply that constraints must be satisfied by the weight functions
structure functions as

W (N=1A,72)=1 11
AFS(x,Q)=ZF8A (%, Q%) + (A~ 2)FFAx,.QD), (8 (NELAD=L +
where both bound nucleon structure functions can be written uA(2,Q3)+dA(2,Q3) +2u”(2,Q3)
in terms of the corresponding nuclear parton distributions in _ ) )
Mellin space as +2d%(2,Q5) +9"(2.Qp) =1. (12

DIAN 1 (2) — PRI 2, s (1) The best results are obtained using for valence distribu-
F2"(N—1,Q%) qEEeq fi(N,Q9) + 5-1Cq (N) tions weight functions such as

W,(y,AZ)=A[a,d(1-€,—y)+(1-a,)o(1-€, —Y)]

y a, y Bu y ag y Bs
© 3] (-7 el -2

The first term on the right hand side of E§) corresponds to (13

the leading-order contribution while the second represents

the next-to-leading order correction. Expressions for theyhere the first two terms may be interpreted as reduction in

NLO quark and gluon coefficien{"(N) andC{"(N) can  the parent nucleon longitudinal momentum fraction, and in

be found in Ref[15]. In our analysis we consider only 3 spite of their simplicity accurately reproduce EMC and

active flavors and neglect the contribution from heavy quarksermi motion effects. Indeed, with just these three param-

to the structure function. eters the fit reproduces the langg data fairly well, however,
Considering that DIS data do not allow us to determine aliit fails to account for antishadowing effects at intermediate

combinations of flavors, and that nuclear effects may be exx, , where valence distributions still dominate.

pected to be isospin invariant in a first approximation, it |n order to include antishadowing effects we add the third

seems to be reasonable to introduce only three independegrm in Eq.(13), which induces a small enhancement of the

Wi(y,A,Z): one for the valence distributions, another for the distributions withn,>0 and a mildxy dependence given by

xTAN,Q?) +C{P(N)TA(N,Q)]; .

+nNg

light sea, and the last for the gluons. In this way the parameters, and 3, . Notice that the convolution inte-
A o ) gral dilutes thexy dependence producing an effect similar to
u, (N,Qg) =W, (N,A,Z)u,(N,Qp), those predicted by parton recombination modglS]. It
would be pointless to try to extract the nuclear modification
d?(N,Q3)=W,(N,A,Z)d,(N,Q2), to valence distributions in the lowy region from the data,

since this region is clearly dominated by sea and gluon den-
sities, however, the first three terms in E@.3) violate

charge conservation. In order to remedy this situation we
include the fourth term, similar to the third but where charge

UA(N,Q3)=Wy(N,A,Z)u(N,Q3),

Y. 2y _\i =y 2
d*(N,Qg) =Ws(N,A,Z)d(N,Qq), conservation forcesgs<0. In this case the weight function

. cannot be interpreted as a probability density but as the result
gA(N,QS):Wg(N,A,Z)g(N,QS). (10 of the mechanism that compensates rescaling and recombi-

nation effects. The parametetg and 8¢ are taken to be the

Notice that in many proton parton densities, and in particulaparameters used for the sea quark densities, fixed by the low
in GRV98[16], the one will be used in the following, the xy behavior of the data, while both, and ng are fixed by
strange and heavy quark densities vanish at the low initiamomentum and charge conservation, Ed44) and(12).
scale and there is no need to introduce additional weight For sea quarks and gluons, the argument is just the oppo-
functions for the latter. The parton distributions for the boundsite: the fit to data is not sensitive to any nuclear modification
neutron can be obtained from the ones above by isospin synat high or intermediat&,, so the best choice for sea weight
metry. functions is found to be

An interesting feature in this approach is that since non-
singlet combinations of parton densities, as those for valence

quarks, evolve independently, and boﬁﬁ(N,Qz) and
fi(N,QZ) obey the same evolution equations, the moments

of the weight functionW;(N,A,Z) are scale independent where the first term gives the gluon distribution in free pro-
[17]. This is not the case for sea or gluon weight functions tons and the Eulerian functigspecifically the parameters)
since they are affected by singlet evolution resulting in adrives the lowxy shadowing & is found to be negative
scale dependence due to quark and gluon mixing and therdhe three parameterag, a5, and B5 are strongly con-
fore needed to be defined at a particular scale. strained by the structure functions ratios at smglland the

as Bs
s o

CAS(L—y)+ oS
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Drell-Yan ratios.N; is just the normalization of the Eulerian TABLE I. Nuclear data included in the fit.
function Ng=B(as+2,8s+1). Similarly, for gluons
Measurement Collaboration Refs. No. data
_ ag Yy ag( y)ﬁg FHe/FD NMC [9] 18
Woly A Z)=Ad1=y)+ Ng (A) VR SLAC-E139 [10] 18
F3F3 SLAC-E139 [10] 17
Hereay is strongly constrained by tr@z-dependenFS“/Fg FSIFD NMC [9] 18
data, whereas the exponents are taken to be the same as for SLAC-E139 [10] 7
the sea distributions anbly=N;s. No significant improve-  F4/F2 SLAC-E139 [10] 17
ment is found assigning independent parameters for thengCygD NMC [9] 18
Sincenv(an)d ns(;;l[e (;onﬁtrained by mgment(tjjm conservation SLAC-E139 [10] 7
in Egs. (11) and (12), there are 9 independent parametersere b ;
€, ,e?, a,,a,,B,3s,as,Bs, andag for earl)ch nucleﬁs. Since Ef\g//i% g:ﬁgggg Hg} 273
2 2

no data are available on different isotopes of the same

. : SUFS SLAC-E139 10 18
nucleus, in the following we drop the dependenceZoithe 2 [10]

: FSIFS NMC [11] 15

A dependence of all the parameters can be written FARC NMC [11] 15
. FSHFES NMC [11] 15

=7+ NA% 16 2’72

T YiTh (16 ngn:;c? NMC [11] 15

The full parametrization of both th& andxy dependence of an’Fg NMC [11] 15

nuclear effects imply in principle quite a lot of parameters':é/FZD NMC [12] 145
(27), however, the mildA dependence found in some of them "D;/"BY E772 [13] 9
allows us to reduce their number. For examplg, «, , and Ugg’“gv E772 [13] 9
a, can be taken as constantAnlosing just a few units inc> @ \?VY/ oo E772 [13] 9
but eliminating 6 parameters. opyl opy E772 [13] 9

Total 420

Ill. RESULTS

In the following section we present results from the LO  The comparison between the data on the ratios of different
and NLO fits to nuclear data using the convolution approachiuclear structure functions to deuterium and those computed
The data analyzed include the most recent NMC and SLACWith NLO NPDF is shown in Fig. Ithe LO prediction one is
E139 DIS structure functions ratios to deuterium and carbor@imost indistinguishabe The solid line corresponds to the
selecting those measurements correspondinQtal GeV, result of the fit computed at th@“ value of each experimen-
and also E772 Drell-Yan dilepton cross sections from protorf@l Point, whereas the extrapolation to sma{| has been
nucleus collisions, as listed in Table I, rendering a total num- HoD ' '

I Be/D
ber of 420 data points. L b tall 4 by
The parameters were fixed minimizing the functigh arr T Thgl ™
defined in the customarily way as ogl ANmMC 1 ]
* 4 E-139
. (O_iex_ O_ith)z Cc/D ) AlD
X=2 —5 17 1 sarA by ey
| Ai J w

ao 08} 1 ]
where 0¥ stands the measured observahié! the corre- =3,
sponding NLO(LO) estimate A; the statistical and system-

Ca/D
. . AaApd
atic errors added in quadrature, and the sum runs over all th ! 3 '“t,# '
data points included in the fit. No artificial weight has been sl 1
gD |

Fe/D

given to any particular subset of data.
In order to compute the structure function and Drell-Yan

Au/D

cross section for deuterium, for which we neglect the nuclear 1 S| /Hr\x
corrections, and as a basis to construct the observables fc N\“ ’\?w
the different nucleus, we use the parton distributions in o3 + 8

the free proton as provided by the GRV98 analys$ik5]. - - -
Consequently, we fix the initial scale tQ3=0.4 Ge\? 10 10 1 10 10 1
(0.26 GeVf) and the QCD scaldfor five flavorg A§2p Xy

_ 2
=167 MeV (132 MeV) to NLO (LO) accuracy. The totgt FIG. 1. F5/FS data. The lines interpolate the values obtained
obtained is 299.91 units for the NLO fit and 316.35 for the i, the NLO NPDE set at the respecti@, and extrapolate to

LO one. low xy at theQ? leftmost point.
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Be/C AlC | I
1 .
1 #LAALIAA Aadl) | ‘A:‘__A__A;‘.l| A,M W r 3
AT { 075 L, . x=00125} . x=00175} | x=0.025
0.8} +4 4 1 1 | y AARD AAA.;AAAA
Anmc Tw“ﬁq’ 4
calc ' ' Fe/C ' ' 075, . x=0035 1 . x=0045 1 | x=0.055

i ety M‘f‘""' H | st

e )
0.75 x=0.070 _ x=0.090 x=0.125.
0.8 . ' '
" " | \ 1 ++M Ax A“:. A;L‘?u..;\ P 4 bh
Pb/C swc 4
075 . x=01751 x=025 1  x=035 ]
| Pard, WYY : - o T , :
. L4 ;
1 ]
M W g L I
08| T T 075, ) x=0.45 I, ) x=0.55 T, | x= .70 )
— — — — 1 10 101 10 101 10 10°
10 10 1 10 10 1 Q?
X
N FIG. 4. Scale dependence BS"VFS data and the outcome of
FIG. 2. The same as Fig. 1 but f&6/FS data. NLO NPDF.

performed using the correspondi@f of the smallesk, data is scarce and also leads to reasonable extrapolations
point. For heavy nuclei, the lowy is mainly constrained by where there are none available. Noticeably, while some pa-
DIS ratios to carbon, as shown in Fig. 2. The structure func¥ameters show a clear dependence on the size of the nucleus,
tion ratios are useful to determine mainly the valence quarlsuch as the shifts in the momentum fractienand e’ which
distributions, while Drell-Yan data, shown in Fig. 3 becomedrive nuclear effects at moderate and laxge those related
crucial in order to fix sea quark distributions. The gluon dis-to the shape of the nucleus effective densities at swgll
tribution enters the structure function at NLO or through thesuch asa, , @, anday=as are not strongly dependent on
scale dependence of the parton densities, making it very difA. The well knownA dependence of shadowing effects at
ficult to obtain information about it in DIS experiments. The small xy is driven by the normalization of these effective
Q? dependence oF?”/FC, shown in Fig. 4, is the most densitiesag anday, and also by the largey behavior of the
sensitive available observable to the gluon distribution. Nevdensities fixed by the parametg®s and 85, which control
ertheless, it is worth pointing out that there is still a large

uncertainty on this density and data from observables where _ | ' ] ' '

. . . . . €
the gluon distribution enters at the lowest order, as in had- o
. . . . | Y A\_“"“A—A—A_ﬂ_‘_
ronic colliders, are needed to obtain a much better constraint, 5| 4
The regularA dependence of the parameters, as observec
in Fig. 5, helps us to interpolate through regions where the ;| 5l 1
L1} op ) . 0.05¢ 1 O
| |5
1 W, ot of ]
L It } £ . . . .
AE09 | 1 | ] 3000} {005F a )
= ' B
11} Fep 1+ wp ] s [ ]
" M A
1 4 (| »
4/("‘4' I f | 0.05F 2 1
/ } 1000} ]
09} . ]
- B, 0.1 1
107! 10" 1 0 . .
x 2 ' ‘2
T 1 10 10 1 10 10
. A A
FIG. 3. Data on nuclear Drell-Yan cross sections rates to deute-
rium and those computed with NLO NPDF. FIG. 5. A dependence of the parameters.
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—lliBe T T T R T —lllBe T " i 1.2 T T T T T T T T T
' 5, : : Ry Qv Re
. e ...RB . e ' o
1 Rdv > ] Rd Rg_ ----- ' 1.1 8
mhAAAARARMIRIAbO-S e N \/k -
1
08t + T
09f F
i BT T
R;X . Rz’e RFe 0.8 o
dy 77N\ d 8
1 N1 3
EYe _.__\_/ A\l i w12 ——
e \\J\/ Q=100 GeV? i 4
08} 7 1 ] L1} s S :
p N A ;
09f e 1 o
—— mD§
08 ------- EKS + +
--------------- HKM
e - N A 0'710“‘ 10 1(;2 10" 10" 1(;'3 10?7 107" 0% 10?7 107 07 1
10 10 10 10 10 10 1
Xy XN
FIG. 6. The ratios for the densities are computed at FIG. 7. Ratios coming from different NPDF sets.

10 Ge\?. _
ratios for LOUyence U, andg proton(in calcium distribu-

how much of the largey component of the PDF enters the tions from NDS, EKS98, and HKM sets, aQ?
convolution. =2.25 Ge\ and 100 GeY. The main differences with pre-

The resulting NPDFs are shown in Fig. 6, as ratios to freevious nuclear parametrizations are found in gluon densities,
proton PDF, as defined in EQ), for valence quarks, light and to a lesser extent in sea quarks, when comparing with
sea and strange quarks, and gluonsQat10 Ge\?. The  ESK98, and in valence and sea quarks in the case of HKM.
numerical computation of these ratios once the NPDFs hav@ur gluon densities show comparatively less smglshad-
been written and extracted within the convolution approachpwing for heavy nuclei than ESK98, and very little antishad-
is straightforward and allows a comparison with standard®wing at intermediatey , which is considerable in their dis-
analyses, and other parton distribution functions. The ratio§ibutions. For nuclei lighter as C our gluons show only a
are also providedin a FORTRAN codd as grids inxy, Q2,  tiny antishadowing effect,

and A for practical purposes and can be obtained upon re- N order to study the sensitivity of different observables
quest from the authors. on the amount of shadowing in the nuclear gluon distribu-

Similar results are found using nucleon parton densitie%ion’ we have performed an alternative extraction of NPDFs

other than GRV98. The similarity between modern parto rom the same data set but constraining the gluon density in
densities guarantees that the nuclear ratios obtained with ea\%enu;:(lfllidtg t?\loxsiltsﬁfggseertigiggvmrgseﬁig;;trasiw:g
giyen PDF set lead to reasonable _NP.DFs. when Combinetégléatisf;RA“:O 75 atxy=0.001 andQ?=5 Thge, 2 yalue
with another. Therefore, the parton distribution in a proton of . 9 = N < ' X
a nucleusA can be simply obtained by multiplying the of this angly3|§ is around 550, consllderably larger than the
nuclear ratios obtained in our analysis by any modern set dfnconstrainedit, and should be considered only as a means
proton PDF. Of course, this is true provided the distributiond® Study variations on, mainly, the glu_on nucl_ear d|str|b_ut|on.
come from analyses at the same order in QCD, as we W"f\n example for the gluon nuclear ratio in Au is shown in the
discuss in the next section. ast plot in F&g. '6H | distributi how |

It is worth mentioning that the agreement between nuclear COmpared with HKM, our valence distributions show low
parton distributions and data is remarkably better in the casgy Shadowing, whereas in HKM there is none. In our param-
of convolution-based parametrizations than the ones founffization the ratios for sea and gluon densities approach
with multiplicative parametrizations in previo@sO) analy-  UNity asxy grows, while with HKM distributions these ratios
ses. Those analyses yied values around 630 in the case of show a strong rise. The difference in the f|.ts may be under-
Ref. [6], and even larger values with the parametrization ofSt00d due to the fact that both the low region in valence
Ref.[7], for the same data set used in the present analysis. 8€nsities, and the largey behavior of the sea distributions
detailed comparison with the parametrization of Rél.in-  nave little impact on DIS observables, and is only picked up
dicates that they? of that set is basically due to a large PY Drell-Yan yields, not included in HKM analysis.
contribution from theQ? dependence df5"/F5 data. There-
fore, one might expect significant differences between our
LO gluon nuclear ratio and that of EKS98. Although there are no significant differences between

In Fig. 7 we show a comparison between the nucleathe total y? values obtained in LO and NLO fits, the corre-

IV. NLO
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2
18
10 20 o e - 4
16 — Mg =M= Pr
Gd.Al.l 14 M
=p,=2
10k s Pg=Up=>Pg |
&2
i3 JAPST(G;';C‘;)S 510
1k ]
Pr=Hg=Epp
B
10 |
sp=200 GeV
neutral pions |n)| < 0.18
-2
10 ¢
nDS NLO
------- nDS LO
3
10 . I I . I . I I I
0 1 2 3 4 5 6 7 8 9 10

pr(GeV)

FIG. 9. LO and NLO neutral pion production cross sections for

FIG. 8. Ratios between NLO and LO extractions of nucleard-Au collisions.

effects for different nuclei.

sponding NPDFs, and also the ratios of ordinary PDF

Ri(xn,Q%A), indeed differ, specially at lovQ?2. In some

of the final state particle. The plots correspond to nucleon

Senter of mass energiegsyy of 200 GeV and a range in

pseudorapidity of||<0.18, computed using the code in

cases, the differences are as large as the nuclear effects theg)ss. [19] adapted for nuclear beams. Pion fragmentation

selves. In Fig. 8 the ratios between the NLO and LO extrac

tions of R(xy,Q%,A)

RiNLO(XN 7Q27A)

A o~ % 7
KI (XN iAiQ ) R:'O(XN ,QZ,A)

(18

are shown as a function of for variousQ? and different
nuclei.

functions were taken from Rdf20]. The LO and NLO cross
sections are computed at two different values for the factor-
ization and renormalization scalegr=ur=ps and ug

= up=2pt. The differences between both predictions give
an estimate of the theoretical uncertainty in the fixed order
calculation. As can be observed, there is a considerable re-
duction in the scale dependence of the cross section when the
NLO corrections are taken into account. This feature is found

The main differences betweelRM-°(xy,Q%A) and
R-9(xy,Q?,A) are found in sea quark and gluon densities,
most noticeably at lowy and in heavy nuclei. These differ-
ences are correlated through the scale dependence with
similar behavior in the valence ratios at sma{. As one
would expect, the differences are more significant at small
Q? and fade away aQ? increases.

The fact that LO analyses lead to fits comparable in ac-

curacy to NLO analyses is due to the relatively moderatedy

range inQ? spanned by the data, and the absence in the dat
set of nuclear observables strongly dependent on the gluol
distributions. This, of course, does not imply that the differ-
ences inR(xy,Q?% A) as obtained at LO and at NLO accu-
racy would be negligible, in fact, beyond LO the ratios are
factorization scheme dependent. Nor does it imply that there
would not be significant NLO corrections in other observ-
ables. This is particularly true for those that rely on the gluon
or sea quark densities and stress the importance of havin
NLO extractions of NPDFs.

As an example of an observable which is sensitive to
NLO corrections, in Fig. 9 we show the LO and NLO lead-
ing twist cross sections for the production of neutral pions in
d-Au collisions as a function of the transverse momenfp4m

1.6

12

dAu

1F

0.8 |

nDS NLO
0.6 [ i
----------- nDS LO
...................... nDSg NLO
04 L ' :
1 2 3 4 5 6 7 8 9 10
pr(GeV)
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RHIC V5=200 GeV
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FIG. 10. Neutral pion production nuclear rates.
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TABLE Il. Parameters of the NLO and LO NPDF.

Parameter NLO LO

b% N ) vy N 1)
€, 0.1984 —0.0013 0.0814 0.2030 —0.0014 0.9510
€, 0.0346 —0.0124 0.9421 0.0351 —0.0133 0.3657
a, 0.7546 —0.6687 —0.0473 0.7251 —0.6647 —0.0583
a, 2.1412 2.2690 —0.0390 2.1786 2.5720 —0.0439
By —0.0474 0.3730 1.1301 19.925 2.2760 1.1463
ag —0.0135 —0.0202 0.2797 —0.0179 —0.0189 0.2664
ag 0.7980 0.0814 —0.8647 1.0616 0.0572 —0.6277
Bs —24.325 7.3191 1.1204 —24.107 7.3526 0.4284
ag 0.0565 —0.0073 0.4244 0.0629 —0.0076 0.4285
X2INpg 299.91/393 316.35/393

in almost any infrared-safe observable in hadronic collisionsternative NLO set of NPDFé&et NDSg with a larger shad-
indicating that LO calculations can only provide a qualitativeowing in the gluon distribution at smat},. Figure 10 shows
description. The inset in Fig. 9 shows thg, o factor, de- a reduction in thal-Au cross section at smafl; for the set
fined as with larger gluon shadowing, however, it seems unlikely to
obtain a much smaller value for the rati®yay at pr
ohk9 ~2 GeV with realistic NPDFs. Notice that the cross sections
KNLO:UTO’ (19 receive contributions typically fromy>0.01. Similar con-
dAu clusions, with a slightly bigger reduction at smal}, are

i.e., the ratio between the NLO and LO cross section, comteached if the same observable is computed for neutral pion

puted at a given factorization and renormalization scales, an@roduction in the forward regionsz(~3). Any experimental

using the corresponding NPDFs and fragmentation functiondinding on a stronger reduction &g,y might certainly be

Notice that theKy, o factor is not a physical quantity, actu- considered as evidence of new phenomena, at least beyond

ally it turns out to be strongly scale dependent, but provide§QCD. In Table I, we present the parameters of the LO and

an estimate of the size of the NLO corrections. In this case, iNLO NPDF.

shows that the one-loop QCD corrections for pion produc-

tion at RHIC are of the order of 50% or even larger, while V. CONCLUSIONS

the strong increase in the correction_ when the transverse mo- We have performed for the first time a full NLO QCD

mentump+ is smaller than~2 GeV indicates we approach

the limit of the region of validity of PQCD calculations.
Finally, in Fig. 10 we show the estimates for tdeAu

global analysis of nuclear DIS and Drell-Yan data using a
convolution approach to parametrize NPDF. We have found
. ; X that this strategy not only leads to much more accurate
cross sections to neutral pions but normalized to protonyppEg pyt considerably simplifies the numerical computa-
proton cross sections, against the data reported by[BEf. oy of QCD corrections at NLO. Although both LO and

and not included i_n th_e present fit. Wi'gh the exception of _the,\“_O NPDFs reproduce the available data with comparable
lowestpy data, which is on the borderline of the perturbative recision, they show non-negligible differences which have

domain, the estimate agrees with the data well within thg, e taken into account when computing other observables.
experimental uncertainties. Notice that even though the LO

and NLO cross sections differ substantially, the discrepancies
almost cancel in the ratios, to proton, highlighting the pertur-
bative stability and the consistency between the LO and the We warmly acknowledge W. Vogelsang for interesting
NLO extractions of NPDFs. To quantify the effect of nuclear discussions and suggestions. This work was partially sup-
shadowing in the gluon distribution on hadron production atported by Conicet, ANPCyT, UBACYT and Fundagién-
RHIC we have computed the same observable using the alerchas.
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