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in heavy ion collisions atysyy=17.3 GeV

V. Emel'yanov! A. Khodinov?! S. R. Klein? and R. Vogt?
Moscow State Engineering Physics Institute (Technical University), Kashirskoe ave. 31, Moscow 115409, Russia
2Nuclear Science Division, Lawrence Berkeley National Laboratory, Berkeley, California 94720
3Physics Department, University of California, Davis, California 95616
(Received 31 August 1998

In heavy-ion collisions]/ ¢ and Drell-Yan production are expected to be affected by nuclear modifications
to the free nucleon structure functions. If these modifications, referred to here as shadowing, are proportional
to the local nuclear density, the per nucleon cross sections will depend on centrality. Differences in quark and
gluon shadowing will lead to a new source of impact parameter dependenceldiitteDrell-Yan production
ratio. We calculate this ratio in the CERN NA50 acceptance with several shadowing parametrizations to
explore its centrality dependend&0556-28139)50704-§

PACS numbegps): 25.75.Dw, 21.65t+f, 24.85+p

A significant “anomalous” suppression af/ ¢ produc- dUXB
tion has been observed in PPb collisions. The ratio ad/ — = 2 dz sziA(xl,Qz,r,z)
to Drell-Yan production is lower in central P4Pb collisions dydnfd®bd’r 13
than extrapolations from more peripheral collisions, lighter doV
. . . .. . ) PN O'i'
ion interactions, anghA collisions suggesfl]. Centrality is ><F}3(x2,Q2,b—r,z’) L (1)
inferred from the transverse enerdy . dydn?

Almost all calculations ofl/ and Drell-Yan production
in nuclear collisions to date have been based on positio
independent nucleof2] or nuclear structure functions].
However, nuclear shadowing should depend on the parton , ; "
location inside the nucleus. If shadowing is due to gluon‘"‘tOmIC massA, mdepe_ndeint nucleon parton densmégg
recombination(4], nuclear binding or rescalinip], or other and a shadowing functio§’:
local phenomena, it should be proportional to the local A 27 N j 2 2 _\¢N 2
nuclear density. The only studies of the spatial dependence FrxQLr2)=pa(s)S(AX QL T(X,QY, - ()

have relied on qualitative impact parameter measurementghere s=.r?+z?. In the absence of shadowing,

such as dark tracks in emulsip®y, to find evidence for such S(Ax,Q2 F 2)=1. We employ Woods-Saxon nuclear den-
a spatial dependence. S '

i i ati : ity distributions, =po(1+ w(s/RA)?)/(1+ s~ Raldy
This Rapid Communication presents calculations of th sity distributions, pa(s) = po(1+ w(s/Ra))/(1+e )

. i SvhereR,,d,» andp, are fit to electron scattering d
Impact parameter dependgnce of n.uclear §hadowmg’¢n We u/;e the cololr)oevaporation modelJsfy produ%tioittas])]
and Drell-Yan production in heavy ion collisions. This spa- so that

tial dependence has an important effect on Eiedepen-

dence ofJ/¢ and Drell-Yan production if the quark and L

gluon distributions are shadowed differently. Sidée sup- fN(x1,Q3)fM(x,Q%)—
pression is a predicted signature of quark-gluon plasma for- dydn?

mation[7], interpretationg 2] of the anomalous suppression (M)
in the NA50 Phb-Pb data[1] should include the spatial de- =F 3,Kn fg(xlle)f'g\‘(Xz,Qz)gg—z
pendence of the structure functions. We focus on shadowing m
alone, neglectingl/ ¢ absorption, to better illustrate the ef-

fect and present results for PIPb collisions in the accep- N 2y¢N 2

tance of the CERN NA50 experimeft]. +q*§d s [Fa (0. QO (%2, Q%)

To be consistent with the NA50 analysis, we calculate
J/ and Drell-Yan production to leading ordérO) where
J/¢ production is dominated by gluon fusion while Drell-
Yan production is due tajgq annihilation. Then the cross _
section for nucleid and B colliding at impact parametds ~ Wherem®=x;x,Syy. The LO partoniccc cross sections are
with center-of-mass energysyy and producing a particle defined in[10]. The fraction ofcc pairs that becoméd/¢'s,
V (J/¢ or y*) with massm at scaleQ is Fay. is fixed at next-to-leading ord¢NLO) [9] andKy, is

there &i\f is the partonicij—V cross section. The nuclear
parton densitiesl,:{*, are the product of momentum fraction,
% and Q? independent nuclear densitigs,; position and

2
+f2(X1,Q2)f§(x2,Q2)J%, ®
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TABLE |I. The Drell-Yan extrapolated and measured cross sectioppjrPb+Pb, and S-U collisions
and thed/— u* ™ cross section in PbPb collisions in the NA50 acceptance with the GRV LO and MRS
A’ parton densities afsyy=17.3 GeV. We have not includeg,,=2.4 for GRV LO and 1.7 for MR&\".

Drell-Yan (2.9<m<4.5 GeV) Drell-Yan (4.2Zm<9 GeV) Jl
pp (PO)  opppp(PD) o5y (P Tpp (PO Tpee(PD) oSy (PD) Oppp,(ND)
GRV LO
S=1 16.6 12.7 13.3 2.31 1.66 1.76 1.61
S=5, - 12.8 135 - 1.61 1.72 1.64
S=S, - 12.5 13.1 - 1.56 1.67 1.84
S=S; - 11.9 12.6 - 1.48 1.61 2.04
MRS A’
S=1 18.8 18.3 19.0 2.15 2.17 2.29 1.53
S=S5, — 18.6 19.4 — 2.10 2.26 1.58
S=S, — 18.1 18.9 — 2.03 2.19 1.74
S=S5; - 17.2 18.1 - 1.93 2.10 1.85
the ratio of the NLO to LQJ/¢ cross sections. We take the , - , pa(s)
GRV LO [11,17 nucleon parton distributions withm, Sws=S(Ax,Q%r,2)=1+Nyd S'(A,x,Q%) —1] :
=1.3 GeV andQ=m, as well as the MR3\’ densitied 13] Po (5)
with m.=1.2 GeV andQ=2m; wherem, andQ are chosen . 3 D e
to agree with datfo]. whereNyys is chosen so that (&) fd°spa(S)Siys=S', simi-

The LO Drell-Yan cross section depends on isospin sincédl to [18]. For lead, Nyws=1.32. At large radii,s>Rx

DY DY DY DY
Opp # Opn * Onp F0nhn

dolY
fN(x1,Q?) FN(%,,Q%)——
i 1Q),(2Q)dydm2
K 4o’
“Pom2syn
z N
2| | TAcp 2y, MAcn 2
Xq:;,d,s eq [qu(xllQ )+ A fq(Xl,Q )] ’Et io .-
=
Zg Ng. D
X =f2(x,,0%) + =—fX(x,,Q?) +qwﬂ, 3
[ B a2 B a2 % 0.9
4 2
w
whereZ, andN, are the number of protons and neutrons in 8 °°

the nucleus anQ=m. We assume that)="fg5,f§=f], etc.
In Egs. (3) and (4), X, ,= Qe™Y/\/syy. The factorK e, ac- 10
counts for the rate difference between the calculations and
the data.

Three parametrizations of shadowing, based on nuclear 0.9
deep-inelastic scatteringd4], are used. The firstS;(A,x),
treats quarks, antiquarks, and gluons equally witl@tievo-
lution [15]. The other two evolve withQ? and conserve 0.8
baryon number and total momentum. The second, , .
S,(A,x,Q?), modifies the valence quarks, sea quarks, and 3 5 7 o
gluons separately for2Q<10 GeV[16]. The most recent, m (GeV)

Sg(A,x,Qz), evolves each parton distribution separately for  £,5 1 The Drell-Yan dilepton mass spectruta;®Y/dm, with-
Q=1.5 GeV[17]. The S; initial gluon distribution shows oyt and with spatial dependence relative ®=1 at \Syy
important antishadowing in the region 8:Xx<<0.3 with sea - 17.3 GeVv. The curves correspond licaveraged results wit$,
quark shadowing in the samxgange. In contrast, has less  (dashedl S, (dotted, and$S; (dot-dashell The spatial dependence
gluon antishadowing and essentially no sea quark effect. is illustrated forS, s (circles, S,ws (squares and S; s (tri-
Since we assume that shadowing is proportional to thengles. The impact parameter ranges & 0<b<0.2R, fm, (b)
local nuclear density, the spatial dependence is defined as0.9R,<b<1.1R, fm and(c) 1.9R,<b<2.1R, fm respectively.
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0 ; 6 é 1'2 1'5 1'8 21 tant is the mass interval: shadowing is 5% stronger in the
b (i measured region than the extrapolated region.
(fm) To illustrate how shadowing could affect the interpreta-

FIG. 2. The(a) J/ and(b) Drell-Yan rates in Pb-Pb collisions tipn ,Of ‘],/'/’ suppression, Fig' 1 ShO\,NS the Drell-Yan mgss
at \syy=17.3 GeV relative to production without shadowirs, distribution form>2.9 GeV in three impact parameter bins

—1, as a function of impact parameter. The curves and symbols afélative to no shadowingS=1. Shadowing changes the
defined in Fig. 1. slope of the spectrum, producing an20% change in the

predicted rate am~9 GeV. The similarity of valence and

and Sjys— 1, while at the nuclear center, the modifications S€@ quark shadowing B, causes this ratio to decrease faster
are larger than the averag®. An alternative parametriza- With mass thars;, or S;. Including only spatially averaged

tion, Sk, proportional to the nuclear thicknefk9,20], leads ~ Shadowing increaselSe,, over that needed fog=1 in the
to a slightly larger modification in the nuclear core. measured relative to the extrapolated region, shown in Table

We adapt our calculations to the NAS0 acceptance!' as well as further increases the discrepancy in central col-
center-of-mass rapidity @y, ,<1 and Collins-Soper decay lisions Wh__ile Qverestim%t\i(n@expin peripheral coIIisior_ls. At
angle |cosfd <0.5 [1]. The Drell-Yan spectrum is mea- small radii, Fig. 1a), do~"/dm drops faster' than the impact
sured form>4.2 GeV and the factoK ., is found by com- Parameter averaged spectra. WheaR,, Fig. Ib), the av-
paring LO calculations, Eq4), using the GRV LO distribu- eraged and spatial dependent spectra approximately coincide.
tions [12] with data. The ratioo”*/do®Y, where o¥'¥ At large radii, Fig. 1c), shadowing is reduced, approaching
includes the branching ratio jo* x~, is form’ed by extrapo- S=1. These results show that using a calculation to extrapo-

lating the calculations to 29m<4.5 GeV with the same late 0 an unmeasured _region is problematic.

Kexp bECAUSE)/r and ¢’ decays dominate the region 2.7 Figure 2 shows the |mpacft parameter dependence of the
<m<3.5 GeV. Table | gives the impact parameter averaged/‘/_’ and Drell-Yan cross sections. The ranges nearly co-
cross sections per nucleon pair for the GRV LO and MRS~ Incide: the Drell-Yan region 2:8m<4.5 GeV corresponds
distributions for pp, Pb+Pb, and S-U interactions. We t0 0.062<x,<0.26 while theJ/y range is 0.068'x,<0.18.

show the effects of isospin and shadowing dbyy Since a_II three_parar_netrJi/za’_[ions assume some gluon anti-
=17.3 Gev With the MRSA' set, the isospin correction is she_ldowmg in this regionr™” is always enhancetiBecause
quite small in the extrapolated regi¢@l]. Because isospin Sy is the same for quarks and gluodgy and Drell-Yan are

is unimportant inJ/« production, only the PbPb cross sec- equally affected by shadowing. On other haSlg<1, re-
tion is shown. However, tha/ results suggest that t#e8  ducingo®".

dependence might be stronger if shadowing could be re- In Fig. 3, ¢”%/oP", calculated in Eqs(1)—(4), is pre-
moved from the data. Although the choice of parton densities

influences the isospin correction alg,,, the average Drell-

Yan shadowing is changed by less than 1% while the We have compared oud/y calculations with nonrelativistic
shadowing changes as much as 5%, because the nucl&d¢p calculations of quarkonium productif®2] and found that the
gluon distribution is imprecisely measured. The table showsesults are within 2—3% of those given here. Thus the shadowing
that the dependence on the nuclear species is weak. The n@tios do not depend strongly on théy production model at this
sults also change by 1% at\/syy=19.4 GeV. Most impor-  energy.
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sented as a function & . The correlation betweeB; and  shadowing model. We find that the ratio increases at small

b is based on the number of nucleon participaf®§ in  (large E;) compared with more peripheral collisions. The
agreement with the most recent NAEQ distributions[21].  magnitude of the effect depends on the shadowing parametri-
The Drell-Yan cross section is corrected for isospinpie  zation. Neglecting shadowing could incredség,, at Jsnn
from PbtPb interactions with Eq(4), following the NASO  =17.3 GeV since the measured cross section is more
an/aIyS|s [1]. After the isospin adjustment, wheB=1,  strongly affected by shadowing than the extrapolated cross
a¥lo®Y~40.3 at Vsun=17.3 GeV and~39.3 at 19.4  gection. In addition, using an impact parameter averaged
GeV, in reasonable agreement with the rescaled NASO  spectra in central collisions would tend to underestimate the
data[1]. The combined Drell—\gan shadowing adély anti-  t5ta] number of Drell-Yan pairs, increasing’*/¢®Y. If this
shadowing in Fig. 2 increases’ w/‘_’D\_(to 40.6 withS,, 46.8  offect could be identified and corrected for in the data, then
for S, and 54.4 usings. TheS; ratio is essentially indepen- o1 P would rise~10% at lowE and drop~4% at high
dent ofE; sinceS; does not depend on the parton typeJr E;, enhancing the discrepancy between absorption models

and thex ranges ofl/¢ and Drell-Yan production are very and the data. At highet/syy, such as at future heavy-ion

f;rt'.]c')larr'segogvbegetr% anﬁ.ISeg txaryrei?grag\rlggsi; 1Tlh<§ Sazs colliders, the shadowing effect will be larged3] since these
lon u o whi B, ratio | ° colliders probe lowek values.
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