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Abstract The medium modifications of J/{ production in d-Au collisions at /s =200 GeV are studied
in the Glauber model. By means of the c.m. energy loss parameter per collision studied in Drell-Yan process,
taking account of the inhomogeneous shadowing effect, we find that the initial-state energy loss effect can be
ignored in d-Au collisions at mid-rapidity. Then, the final-state J/1 absorption effect is also considered and
the theoretical results are in good agreement with the recent experimental data given by PHENIX. Finally,
the experimental results of J/{ production in d-Pb collisions are also predicted at RHIC and LHC energies

respectively.
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1 Introduction

The J /1 production in cold nuclear matter, which
is a leading signal for the creation of hot-dense mat-
ter in heavy-ion collisions, is an important topic
to be studied. The cold nuclear matter effects in-
clude the modification of parton distribution func-
tions, initial-state energy loss, final-state J /1 absorp-
tion, etc. The modification of parton distributions,
which have been probed through deep inelastic scat-
tering (DIS) experiment!™, includes shadowing, anti-
shadowing and EMC effect. Shadowing is a deple-
tion of partons density in nucleus at small momentum
fraction, z, compared with that in a free nucleon. In
VSxx = 200 GeV deuteron-gold (d-Au) collisions at
the Relativistic Heavy Ion Collider (RHIC), for posi-
tive (deuteron direction) rapidities, gluons are probed
that lie well into the shadowing region with momen-
tum fractions in Au, z, ~ 3 x 1073, Since shadowing
affects the parton distribution functions before the
collision that produce the J/1, it is an initial-state
effect.

Recently, it is found that shadowing should de-
pend on the spatial position of the interacting par-

Received 2 February 2008

ton within the nucleus (inhomogeneous shadowing)™?.

Although DIS experiments are typically insensitive to
this position dependence, some spatial inhomogeneity
has been observed in VN scattering!®. Thus the ef-
fect should be sensitive to the impact parameter, b, at
which the collision occurs. Central collisions with low
impact parameter should exhibit stronger shadowing
effects than collisions in the nuclear periphery!.
The initial-state energy loss effect in cold nuclear
matter, which is another important nuclear effect, is
always entangled with the shadowing effect. Thus,
a zero energy loss was found in both de-lepton (11)
and J/\ production®®. 1In 2001, Hirai, Kumano,
and Miyama (HKM) proposed two types of nuclear
parton distributions without including the proton-
nucleus Drell-Yan process'®. By means of the HKM
parameter, the energy loss effect can be disentangled
from the shadowing effect and it is found that the
rate of energy loss is much larger than that of the
former™ ®. Recently, there are two kinds of opinion
about the energy loss effect in d-Au at RHIC energies.
One expects the initial-state energy loss effect should
be ignored®, the other expects it couldn’t!® !
this paper, using the c.m. (center of mass) energy loss
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parameter per collision given by HKM parameter and
x2 analysis®® | we calculate this effect in the Glauber
model’* ¥, According to the Glauber Model, the
projectile nucleon in nucleus B makes many “soft”
inelastic collisions with nucleons bound in the nu-
cleus A before making a “hard” collision with the
Il (or J/) production. During the “soft” collisions
the projectile nucleon imparts energy to the struck
nucleon and loose energy. In an inelastic collision be-
tween nucleus A and B, the probability of having n
collisions also depends on the impact parameter b,
which will make inhomogeneous shadowing more im-
portant. In this paper, the inhomogeneous shadow-
ing effect, which can enhance the energy loss effect in
Drell-Yan process”| is also discussed on J /W produc-
tion in d-Au collisions.

Apart from the initial-state shadowing and en-
ergy loss effects, the cC pair can be dissociated or
absorbed in the final state before it can form a J/1.
The absorption or dissociation can happen on either
the nucleus itself, or on light co-moving partons pro-
duced when the projectile deuteron enters the nu-
cleus. Since the latter is probably only important
in A-A collisions as the number of co-movers created
in a p-A or d-A collisions is small, we only consider
the nuclear absorbtion effect.

Recently, the new experimental results are pre-
sented about the modification of J/{ production in
d-Au collisions relative to that in p-p collisions at
Van = 200 GeV!', In this paper, taking account
of the cold nuclear effects mentioned above, we cal-
culate the nuclear modification factor, Rgqa., versus y
and the Rga,(b) ratios for the same rapidity values
versus the number of binary NN collisions, N (b).
Finally, we also predict the results of J/1{ production
in d-Pb collisions at RHIC and LHC (Large Hadron
Collider) energies respectively.

2 Method

According to the color evaporation model (CEM),
charmonium production is treated identically as cc
production below the DD threshold, neglecting color
and spin. If the inhomogeneous shadowing effect is
considered, the leading order (LO) rapidity distribu-
tions of J/1{’s produced in d-Au collisions at the im-
pact parameter b is!”

2mp

d
T = 2F), Ky szAdzBJ MdAM x
B

dyd®bdZb .
{Fg(:vl,M2,bB,zB)FgA“ x

(IZ,M2,b+bB72A)Ugg(M2)/SNN+

Z [Fs(‘rlaMzubBu'ZB)Fun(:E%Mzub'i_bBuZA)+

q=u,d,s

Féi(Il,MQ,bB,ZB)Fcﬁu(I27M2,b+bB,ZA)] X

Uqﬁ(M2)/SNN}’ (1)

where z; and z, are the fractions of the nucleon
momentum carried by the projectile and target
partons respectively, M? = x,2z,s,, and z,, =
(M/\/34y)exp(£y). Fyy, which is fixed at next-to-
leading-order (NLO)™!, is the fraction of g pairs be-
low the DD threshold that become J/P’s, and the K
factor, Ky, scales the LO cross section to the NLO
value. Both the fraction F},y, and the factor Ky, are
independent of rapidity and drop out of the ratios.
The LO partonic cross sections for gluon fusion and
qq annihilation are given by Ref. [16].

projectile B

target A
—

Fig. 1. Transverse view schematic representa-
tion of the Glauber Model.

The nuclear parton densities for gold, F}A“(:c,
M? ba,,za), are the product of the nucleon den-
sity in the nucleus, ps,.(7’), and a shadowing ratio,
S%,VP(A,x,MQ,bAu), where ba,(= b+ bg) and 24 are
the transverse and longitudinal location of the parton
in position space (shown in Fig. 1). The shadowing
effect of deuteron is ignored. Thus,

Fid(vaQubBaZB):pd(r)fiN(vaQ)J (2)

FBAu(vazabAuazA) =

Pau(r)Sh o (A, M? by £ (2, M?), (3)

where r = /b3 +2% and ' = /b3,+2%. The
deuteron density distribution pq(r) =¥ (r)[* and the
wave function

vir) = "o W, (@)

which contains S- and D-wave components. The
Hulthen form™™ is used for the radial functions wu(r)
and w(r). The nucleon densities of gold (lead) are

parameterized by a Fermi distribution!®:

pau(r’) = po/{1+expl(r — Rau)/al}.  (5)
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For YTAu, Ra, = 6.516 fm, a = 0.535 fm and p, is
determined by JpAu(r’)dszudzA =A.

In Eq. (3), the ratio for the spatial dependence of
shadowing is!* %

S%’p(A;E,M?,bAU) = 1+Np(5jp(A,x7M2)—1) »
J'deAu(bAuaz)

szpAu(O, 2)

where N, is chosen so that

, (6)

szbAudzApAu(r’)Si,yp(A,:c,Mz, bay) = SL(A,x, M?).

By means of the HKM nuclear parton dis-
tribution functions, we have Sb (A,z,M?) =
fa, M2) fi(w, MP).

The initial-state energy loss effect, which is also
an important nuclear effect, is always considered in
the Glauber Model. In d-Au collisions, according
to the Glauber model, the nucleon in deuteron may
make many “soft” inelastic collisions with nucleons
in Au before producing the final c¢ pairs. Since
the deuteron is an extended system and can not be
treated as a point particle, the probability of one nu-
cleon from nucleus B(d) having n collisions with nu-
cleus A(Au) at b should be expressed as!'’

Al
P(n,b,bs) = [Ta(bo)ow] i 5 [Ta((b+ b )il
[1=Ta(lb+bg|)ow]" " /0,7, (7)

where 0;,(~ 42 mb at RHIC energies) is the cross
section in an inelastic nucleon-nucleon collision, and
Ts(bg)oin, as shown in Fig. 1, is the probability of
finding a nucleon in the flux tube of nucleus B at lo-

cation bg. The factor 7 represents the num-

Al
nl(A—n)
ber for finding n collisions out of A possible nucleon-
nucleon encounters, the factor [T (|b+bg|)oi.]™ gives
the probability of having exactly n collisions and the
last factor gives the probability of having A-n misses.
The thickness function

Tafbs) = [palr)dzn, Ta(b+bal) = [pan(r')dzs.

and Eq. (7) is normalized according to

A
> P(n,b,by)=1.
n=1

After the nucleon in deuteron has n collisions
with nucleons in Au, the c.m. system energy of

the nucleon-nucleon collision producing a cc will be
d,/s d,/s
VSN = /B — (n—1) anN, where anN is the

average c.m. energy loss per collision. Therefore, the

cross section of having n collisions for J /1 production
in d-Au collisions at b can be written as
do(™
dyd?bd?bg

2mp

:2FJ/1bKthJ'dZAdZBJ' MdAM x

2me
{ng(:c’l,M2,bB,zB) X
FgA“(a:;,Mz,b—|—bB,zA)agg(M2)/5;N +

ST Fd (@), M2 by, 2) 2% (2, M2, b+ by, 23) +

q=u,d,s

Faii(l'll,MQ,bB,ZB) X

q

FAU(ZZ?,Z,MQ;b+bB;ZA)]Uq51(M2)/S;\IN}7 (8)

where the rescaled quantities are defined as z}, =
Vi
Vi

Before the cc pair can escape the target, it may in-
teract with nucleons and be dissociated or absorbed.
The effect of nuclear absorption alone on the J/1
production in d-Au collisions may be expressed as*’

rsT1,2 With the ratio ry=

doaau do
d(;A = d—pr)szbAudZA'pAu(bAuuzA) X

exp{—J' dZ;&pAu(bAuasz)o'abs}’ (9)

ZA

where z, is the longitudinal production point of the c¢
pair and z, is the point at which the state is absorbed.
If the nucleon absorption cross section, o,s, is con-
sidered as a constant, independent of the production
mechanism, Eq. (9) can be conveniently written as/*”!

dUdAu _ dO'pp Aa

dy dy ’

(10)

where o= —90,s/(167r7) with ro = 1.2 fm.

Combining the ingredients mentioned above, the
cross section for J/{ production in d-Au collisions at
b can be given by

d2 bBP b bB " A
A~ 11
J (n7 ’ ) dyd2 bd? bB ’ ( )

dUdAu

dyd?b

n=1

and the average cross section is
dogau J 2 dogau
— )= |d*b—F . 12
< dy > dyd?b (12)
3 Results and discussion

By means of Eq. (6), the ratios Sh , versus
bauw/Ra, for gluon (solid curve), valence (dashed
curve) and sea (dotted curve) quark of u are shown
in Fig. 2. The similar homogeneous shadowing values
are taken and M =2m,. It is shown that all of them
have a strong b dependence when b, /Ra, < 1.
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Fig. 2. The inhomogeneous shadowing ratios
SJP@ versus bau/Rau for gluon (solid), valence
quark of u (dashed) and sea quark of u (dot-
ted).

In order to compare with the experimental data
from PHENIX" we introduce the nuclear modifica-
tion factor

1 {(doga./dy)
<Ncoll> doy,p,/dy ’

where (N,y) is the average number of binary NN
collisions. In our calculation, the HKM shadowing
parameters'® are used and the theoretical results are
shown in Fig. 3. The solid and dashed curves corre-
spond to the results of the inhomogeneous shadowing
effect without and with energy loss, respectively.
The value of d,/5/dn, which has been studied de-
tailedly in Drell-Yan process'™, is taken as 0.2 GeV.
It is shown that the influence of initial-state energy
loss effect is small at mid-rapidity in d-Au collisions
at RHIC energies. First of all, the energy loss ef-
fect is obvious only at large momentum fraction,
x, but zy() is small when the rapidity | y |[< 3 in
VSun = 200 GeV d-Au collisions. Second, the value
of d/s,y/dn (~ 0.2 GeV) is small in contrast with
V3w (=200 GeV) at RHIC. In Refs. [10, 11], which
expects that the energy loss effect should not be

Raau= (13)

Fig. 3. The minimum bias R4qa, versus rapid-
ity. The solid and dashed curves correspond
to the inhomogeneous shadowing results with-
out and with energy loss, respectively. The
dotted curve is obtained from combining the
inhomogeneous shadowing and energy loss ef-
fects with the J/1 absorption effect.

ignored, the rest frame of the nucleus is employed.
Since different J /1p production theories are adopted in
the target rest frame and c.m. system, the influence
of energy loss effect on J/1{ production cross section
in d-Au collisions are also different. The dotted curve
is the result of initial-state shadowing and energy loss
effects together with final-state absorption effect and
the results agree with the experimental data.

Figure 4 shows the Rya,(b) ratios for the same ra-
pidity values as a function of the number of binary
NN collisions

le(b):omdebBTB<bB>TA<|b+bB|>, (14)

and the ratio Rga,(b) is defined as

Jd dUdAu

Y

1 dyd?b

Raan(b) = . 15

aau(b) Neon(b) dedapp (15)
dy

The integral rapidity ranges are —2.2 <y < —1.2 for
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Fig. 4. The Rqau(b) ratios versus Neon with the
same figure captions as in Fig. 3.
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Fig. 5. The minimum bias R4pp versus rapid-

ity at RHIC(a) and LHC(b) energies with the
same figure captions as in Fig. 3.
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(a) and —0.35 < y < 0.35 for (b). The figure cap-
tions are the same as Fig. 3 and the data come from
Ref. [14]. It is shown that the energy loss effect is
small in both Fig. 4(a) and Fig. 4(b).

For predicting the new experimental results, the
theoretical results of the factor Rgp, for deuteron-
lead(d-Pb) collisions at RHIC (200 GeV) and LHC
(6.2 TeV) energies are shown in Fig. 5. The figure
captions are the same as Fig. 3. Since the value of
d/5.y/dn (~0.2 GeV) is too small to be considered
in contrast with /51 (= 6.2 TeV), there is no energy
loss effect at LHC energies (shown in Fig. 5(b)).

In summary, the initial-state energy loss effect,
which is verified to be small at mid-rapidity in d-Au
collisions at RHIC energies, is studied in the Glauber
model. Taking account of final-state absorption, the
theoretical results are in good agreement with the re-
cent experimental data given by PHENIX. Though
the initial-state energy loss effect can be ignored at
mid-rapidity in d-Au collisions at RHIC energies, the
initial-state multi-scattering is expected to display a
strong suppression in the large transverse momentum
jet production. We will study the J/1 jet production
recently.
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