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Peripheral heavy ion collisions as a probe of the nuclear gluon distribution
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At high energies a quark-gluon plasma is expected to be formed in heavy-ion collisions at the Relativistic
Heavy-lon Collider and the Large Hadron Collider. The theoretical description of these processes is directly
associated to a complete knowledge of the details of medium effects in the nuclear gluon distribution. In this
paper we analyze the possibility to constrain the behavior of this distribution considering peripheral heavy ion
collisions. We reanalyze the photoproduction of heavy quarks for the deduction of the in-medium gluon
distribution using three current parametrizations for this parton distribution. Moreover, we show that the elastic
photoproduction of vector mesons is a potential process to probe the nuclear gluon distribution.
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[. INTRODUCTION only the parton emissions are considered, to a new regime
where the physical process of recombination of partons be-
One of the main predictions of QCD is the transition from comes important in the parton cascade and the evolution is
the confined/chirally broken phase to the deconfined/chiralgiven by & nonlinear evolution equation. In this regime a
symmetric state of quasifree quarks and gluons, the so-callétP!0r glass condensate is expected to be forfisgdcharac-
quark-gluon plasmaQGP. Recently the heavy ion colli- tenze_d by the limitation on th_e maximum phase-space parton
sions have provided strong evidence for the formation of & ¢S t?at car: betreachgd in thi_hﬁdro?/nuclefatrhwav%fgnc-
QGP[1], with the first results of the Relativistic Heavy-lon f!olr(lj (parton hsa u[ja %@n very hl'g va uesh N ebQ f
Collider (RHIC) marking the beginning of a collider era in leld strengthF,,,~1/Ves [6]. In this case, the number o

. . L X luons per unit phase-space volume practically saturates and
the experiments with relativistic heavy ions, as well as the'gIt large densities grows only very slowflpgarithmically as

era of detalled studies of the characteristics of the QGP. Culy ¢ i of the energy/7]. This implies a large modifica-
rently, distinct models associated to different assumptiongg, of the gluon distribution if compared with the predic-
describe reasonably the experimental d@fawith the main  iong of the linear dynamics, which is amplified in nuclear
uncertainty present in these analyses directly connected withrocesse§s—11].

the pOOI’ knOWIedge Of the |n|t|al COﬂditiOhS Of the heaVy'ion Other medium effects are a|so expected to be present in
collisions. Theoretically, the early evolution of these nucleafhe nuclear gluon distribution at large valuesxotthe anti-
collisions is governed by the dominant role of glud®,  shadowing (0.£x<0.3), the EMC effect (0.8x<0.7),

due to their large interaction probability and the large gluonicand the Fermi motion x>0.7) [12,13. The presence of
component in the initial nuclear wave functions. This leadsthese effects is induced from the experimental data for the
to a “hot gluon scenario,” in which the large number of nuclear structure function which determines the behavior of
initially produced energetic partons creates a high temperahe nuclear quark distributions and the use of the momentum
ture, high density plasma of predominantly hot gluons, and sum rule as a constraint. Experimentally, the behavior of the
considerable number of quarks. Such extreme conditions afuclear gluon distribution is indirectly determined in the
expected to significantly influence QGP signals and shouldepton-nucleus processes in a small kinematic range of the
modify the hard probes produced at early times of the heavytixed target experiments, with the behavior at smxathigh-

ion collision. Consequently, a systematic measurement of th@nergy completely undefined. This situation should be im-
nuclear gluon distribution is of fundamental interest in un-Proved in the future with the electron-nucleus colliders at
derstanding of the parton structure of nuclei and to determin&!lERA and the RHIC[14,15, which probably could deter-

the initial conditions of the QGP. Other important motiva- mine whether parton distributions saturate. However, until

tions for the determination of the nuclear gluon distributionst1€S€ colliders become reality we need to consider alternative
earches in the current accelerators which allow us to con-

is that the high density effects expected to occur in the higﬁ

energy limit of QCD should be manifest in the modification strain Fhe nucle_ar gluqn dlstr|but|on.' Here,_V\_/e analyze the
of the gluon dynamics possibility of using peripheral heavy-ion collisions as a pho-

. tonuclear collider and therefore to determine the behavior of
At small x and/or largeA we expect the transition of the

regime described by the linear dynamj&okshiter-Gribov- the gluon distribution.

; ) ~ . ) In ultraperipheral relativistic heavy-ion collisions the ions
Lipatov-Altarelli-Parisi (DGLAP), Balitsky-Fadin-Kuraev- 44 not interact directly with each other and move essentially

Lipator (BFKL)] (for a review, see, e.g., Refd]), where  ndisturbed along the beam direction. The only possible in-
teraction is due to the long range electromagnetic interaction
and diffractive processe$or a review see, e.g., Ref16)).

*Email address: barros@ufpel.tche.br Due to the coherent action of all the protons in the nucleus,
"Email address: bertulani@nscl.msu.edu the electromagnetic field is very strong and the resulting flux
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of equivalent photons is large. A photon stemming from theother possible processes which have a stronger dependence
electromagnetic field of one of the two colliding nuclei canin xG,. Here we propose the study of the elastic photopro-
penetrate into the other nucleus and interact with one oduction of vector mesons in peripheral heavy-ion collisions
more of its hadrons, giving rise to photon-nucleus collisionsas a probe of the behavior of the nuclear gluon distribution.
to an energy region hitherto unexplored experimentally. ForThis process has been largely studiedeip collisions at
example, the interaction of quasireal photons with protondlERA, with the perturbative QCD predictions describing
has been studied extensively at the electron-proton collider g&uccessfully the experimental ddté], considering a qua-
HERA, with \/s=300 GeV. The obtainegp center of mass dratic dependence of the cross section with the nucleon
energies extends up W,,~200 GeV, an order of magni- glgon distribqtion. We exteqd the f(_Jr_maIism us_egbip col-
tude larger than those reached by fixed target experimentlisions to peripheral heavy-ion collisions, obtaining that the
Due to the larger number of photons coming from one of thecross section is proportional to the nuclear gluon distribution
colliding nuclei in heavy-ion collisions similar and more de- Squared, which amplifies the distinctions associated to me-
tailed studies will be possible in these collisions, with,, ~ dium effects and implies large differences in the rapidity
reaching 950 GeV for the Large Hadron CollideHC) op-  distribution. Considering the three distinct parametrizations
erating in its heavy-ion mode. for the nuclear gluon distribution described above, we calcu-

When a very hard photon from one equivalent swarm Oﬂa_te t_he total cross section for this process and rap_idity dis-
photons penetrates the other nucleus it is able to resolve tHbutions for RHIC and LHC energies. Our results indicate
partonic structure of the nucleus and to interact with thethat this process could be used to probe the nuclear gluon
quarks and gluons. One of the basic processes which C@stnbutmn_m all klnemat|c_reg|ons, i.e., this process will pe
occur in the high energy limit is the photon-gluon fusion able to estimate the magnitude of the EMC, antishadowing,
leading to the production of a quark pair. The main charac2nd high density effects. _
teristic of this process is that the cross section is directly This paper is organized as follows. In next section we
proportional to the nuclear gluon distribution. The analysisPresent a brief review of the peripheral heavy-ion collisions
of this process in peripheral heavy-ion collisions has bee@nd the main formulas to describe the photonuclear process
proposed many years afb7] and improved in Refg18,19  in these_coII|S|_0ns. We analyz_e the phqtoproductlon of heavy
(for a review, see Ref.20]). Here we reanalyze the charm duarks in peripheral heavy-ion collisions and present our
photoproduction as a way to estimate the medium effects iﬁredlc_tlons f_or the mass and_rap_ldlty distributions. Moreover,
XG, in the full kinematic region. We consider as input threeWe briefly discuss the contribution of the resolved compo-
distinct parametrizations of the nuclear gluon distribution.nent of the photon for the photoproduction of charm quarks.
First, we consider the possibility that the nuclear gluon disIn Sec. Ill we consider the elastic photoproduction of vector
tribution is not modified by medium effects, i.e., MesONs and analyze the total cross sections and rapidity dis-
XGa(X,Q2) = AXXGy(X,Q?), with the nucleon gluon distri- tributions for RHIC and LHC energies. We also present a
bution (xGy) given by the Glek, Reya, and VogtGRv)  comparison between this process and the photoproduction of
parametrization [21]. Moreover, we consider that heavy quarks, which demonstrates that the elastic photopro-
XGa(X,Q2) = RgX xGy(x,Q?), whereRg parametrizes the duction of vector mesons in peripheral heavy-ion collisions
medium effects as proposed by Eskola, Kolhinen, andS @ potential process to probe the nuclear gluon distribution.
Salgado(EKS) [22]. The main shortcoming of these param- Finally, in Sec. IV, we present our main conclusions.
etrizations is that these are based on the DGLAP evolution
equations which are not valid in the smalh_agime, where Il. PHOTOPRODUCTION OF HEAVY QUARKS
the parton saturation effects should be considered. In order to
analyze the sensitivity of peripheral heavy-ion collisions to At high energies the dominant process occurring when the
these effects we consider as input the parametrization prghoton probes the structure of the nucleus is the photon-
posed by Ayala and Goatves (AG) [23] which improves gluon fusion producing a quark pair. For heavy quarks the
the EKS parametrization to include the high density effectsphotoproduction can be described using perturbative QCD,
In this paper we analyze the mass and rapidity distributionavith the cross section given in terms of the convolution be-
of the cross sections for peripheral-PBb collisions at LHC ~ tween the elementary cross section for the subprogess
energies, where the experimental analysis of this process;QQ and the probability of finding a gluon inside the
should be possible. We conclude that the distinction betweenucleus, i.e., the nuclear gluon distribution. Basically, the
the EKS an_d AG predictions for Fhe mass dlstrlpu_tlon_ls 8cross section foc?photoproduction is given by
factor 1.25 in the small mass region. For the rapidity distri-
bution the difference between the predictions is larger, which
should allow to discriminate between the results. RS _Uoec

One shortcoming of the analysis of photoproduction of T yg—calS) = Lm dMCCmgA(X’“)' (1)
heavy quarks in peripheral heavy-ion collisions to constrain ¢ °

the nuclear gluon distribution is the linear dependence of the _ . . .
cross section with this distribution. This implies that only Wheré doc/dMc is calculable perturbativelyMc is the

) ) L. . . —_ . . 2 ~ .
experimental data with large statistics and small error willinvariant mass of thec pair with M_=s=xs, s is the
allow to discriminate the medium effects in the nuclear gluonsquared c.m. energy of theA systemga(x,u) is the gluon

distribution. Consequently, it is very important to analyzedensity inside the nuclear mediun, is the factorization
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10° ————————————————— in heavy-ion collisions will allow to study photoproduction,
with W, reaching 950 GeV for the LHC. To determine the
photoproduction of heavy quarks in peripheral heavy-ion
collisions the elementary photon-gluon cross section has to
be convoluted with the photon energy distribution and the
gluon distribution inside the nucleus:

o (yPb —> QQ) [nb]

T(AA=XXQQ) =N(w)® 0y 0o®XGa(X,Q?), (3)

10° e e e i ! where the photon energy distributiom w) is calculated
10 40 70 100 10 160 190 220 250) 260 within the equivalent photon or Fermi-Weizsar-Williams
W (GeV) L ; s .
approximation. In this approximatioi6] the cross section
FIG. 1. Energy dependence of the photoproduction of heawfor & photonuclear reaction in a relativistic heavy-ion colli-
quarks for distinct nuclear gluon distributiona+ 208). sion is given by

scale = \/Mb, andm, is the charm quark masgs this o= f d—wn(w)oyA(w), (4)
paper we assume that.=1.45 GeV). Moreover, the differ- @

ential cross section ig24] whereao , is the on-shell elementary photonuclear cross sec-

tion. The appropriate number of equivalent photam&y)
— 2 1
doyg-.cc _ Amaase; 1+vi- 6) including nuclear absorption at small impact parameteys,

1+ 1o |
6+§E n

dM¢e Mi; 1-VJl-¢ is given by[25]
2Z%aw? (=
—(1+e)V1—¢|, 2) n<w>=—2fo dbbKF(£)+KE(£)/¥]
my

wheree, is the charm charge ane=4mZ/M>. From the Xexp{ _GNNJ% dzlf d3rp(r)p(|r’—r|)],
above expression, we verify that the cross section is directly -
proportional to the nuclear gluon distribution, which implies (5)
the possibility to constrain its behavior from experimental
results for photoproduction of heavy quarks. wherer’=(b,02"), é=wb/vy, oy is the nucleon-nucleon

Throughout this paper we use the Born expression for theross sectioriwe useo =40 mb), ande(r) is the nuclear
elementary photon-gluon cross sectidy. (2)]. QCD cor-  density. For Pb we use a Woods-Saxon density distribution
rections to the Born cross section will not be considered
here, although these corrections modify the normalization of Po
the cross section by a factor of 2. This is justified by the fact p(r)= 1+exd(r—c)lal’ ®
that we are interested in the relative difference between the
predictions of the distinct nuclear gluon distributions, whichwith parameters c=6.63 fm, a=0.549 fm, and pq
should be not modified by the next-to-leading-order correc=0.16 fm 3. Forb<2c the exponential function in Ed5)
tions. can be replaced by zero, i.e., for central or almost central

In Fig. 1 we present the energy dependence of the photasollisions, the nuclei will surely fragment and the coherent
production cross section. We focus our analysis on charmnexchange of virtual photons among them is not part of the
photoproduction instead of bottom photoproduction, since irmain physics involved.
this process smaller values gfare probed. We verify that Before we present our results, it is interesting for our
different nuclear gluon distributions imply distinct behaviors studies to determine the valuesyoivhich will be probed in
for the cross section, with the difference between the predicperipheral heavy-ion collisions. The Bjorkenvariable is
tions increasing with the energy. This is associated to the fagiven by x=(M/2p)e Y, whereM is the invariant mass of
that at high energies we are probing the smdliehavior of  the photon-gluon system andthe center of momentum ra-
XG,, sincexxMqc/s, whereM; is the invariant mass of pidity. For Pb+ Pb collisions at LHC energies the nucleon
the photon-gluon system. Currently, only the region of smallmomentum is equal to p=3000 GeV; hence x
center of mass energy has been analyzed by the fixed target(M/6000 GeVE Y. Therefore, the region of small mass
electron-nucleus experiments, not allowing a good constrairend large rapidities probes directly the smalbehavior of
on medium effects present in the nuclear gluon distributionthe nuclear gluon distribution. This demonstrates that periph-
Such a situation should be improved in the future witheral heavy-ion collisions at LHC represent a very good tool
electron-nucleus colliders at HERA and the RHI2,15. to determine the behavior of the gluon distribution in a

Another possibility to study photoproduction of heavy nuclear medium, and in particular the lowregime. Con-
quarks at large center of mass energies is to consider peripkersely, the region of large mass and small rapidities is di-
eral heavy-ion collisiong§17-19. In this process the large rectly associated to the region where the EMC and antishad-
number of photons coming from one of the colliding nuclei owing effects are expected to be present. Similarly, for RHIC
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do/dM [nb/GeV]
>
do/dy[ub]

2 6 10 14 18 22 26 30

10°

M (GeV)
] ) ) _ ) FIG. 3. Rapidity distribution for the photoproduction of charm
FIG. 2. Differential cross section farc production versus the  gyarks in2%8Ph+ 2%Ph collisions at the LHC.
invariant masvl = M. The photon-gluon fusion in the heavy-ion
collision system?*%b+2%%h at LHC energy is considered. of xG, as input. We have that the region of small rapidities
probes the region of large, while for largey we directly
energies =100 GeV) the cross section will probe the re- discriminate the different predictions »f5, for smallx. Our
gion of medium and large values &f(x>10"2). For this  results are coherent with this picture: as at laxgbe EKS
kinematical region, the EKS and AG parametrizations areand AG predictions are identical, this region allows to esti-
identical, which implies that the photoproduction of heavymateRs=xGa/(AXGy) in the region of the antishadowing
quarks in peripheral heavy-ion collisions at the RHIC doesand EMC effects; at largg the large difference between the
not allow to constrain the high density effects. However, theParametrizations implies large modifications in the rapidity
study of this process at the RHIC will be very interesting todistribution, which should allow a clean experimental analy-
determine whether the antishadowing and EMC effects in thé'S: o _
nuclear gluon distribution are present. A comment is in order here. In hard photon-hadron inter-
Here we restrict our considerations to peripherai-Pb actions thel photon can behave as a.pomtllke particle in the
collisions at LHC energies, with the Lorentz contraction fac-SO-called direct photon processes or it can act as a source of
tor set equal toy=3000, in the laboratory system. At the partons, which then scatter against partons in the hadron, in
reference system of one of the nuclei, the appropriate Lortn€ resolved photon processiésr a recent review, see Ref.
entz factor isy,=2y2— 1. In this paper we assume that we [26]). Resolved interactions stem from the photon fluctuation
Cc . . .
know from which nucleus the gluon originates, although int® @ quark-antiquark state or a more complex partonic state,
practice we cannot distinguish to which nucleus the g|uoﬁNhICh is embedded in the deflnltlonlof the phojton 'structure
belongs. Our calculations assume that the photon is in thinctions. Recently, the process of jet production in photo-
field of the nucleus coming from negative rapidity. If the pro_ductlon has been used in the search of studies of the par-
photon is emitted by the target instead of the projectile, thd®NiC structure of the photorsee, e.g., Refl4]), and the
resulting rapidity distribution will be a mirror image of our contribution of the resolved photon for the photoproduction
distributions aroundy=0, implying that the total rapidity °f charm has been estimat¢@7]. Basically, these studies
distribution is the sum of the curves shown in our figuresShOW that the partonic structure of the photon is particularly

with its mirror images when both nuclei emit photons. important in some kinematic regiof#er example, the region

In Fig. 2 we present our results for the mass distributior°f 1arge transverse momentum of the charm paifj). Con-

in photoproduction of charm quarks in peripheral heavy_ionsequently, it is important to analyze if this contribution modi-

collisions. We can see that the main difference between thfi€S: for instance, our results for the rapidity distribution,
predictions occurs at small values M which is associated which are strongly dependent on nuclear gluon dlstrlbutlc_m.
to the smallx region. Basically, we have that the predictions I leading order, beyond the process of photon-gluon fusion
of the EKS parametrization are a factor 1.25 larger than th&onsidered above, charm production can occur also in re-
AG prediction in this region, while the prediction of @k, ~ S°lved photon interactions, mainly through the procggs
Reya, and Vog(GRYV) is a factor 2.4 larger. This result is —cc. Therefore, we need to add in E) the resolved
consistent with the fact that the main differences between theontribution given by
parametrizations of the nuclear gluon distribution occur at — )
small x [23]. The difference between the predictions dimin- Ores( AA=XXQQ) =n(w) ®X,G,(X,,Q°)
ishes with the growth of the invariant mass, which implies 20 S®XGA(X,Q?)
that this distribution is not a good quantity to estimate the 99—QQ ALK @
nuclear effects for medium and large

A better distribution to discriminate the behavior of the wherex, denotes the fraction of the photon momentum car-
nuclear gluon distribution is the rapidity distribution, which ried by its gluon component,G, and o4y .qog the heavy
is directly associated to the Bjorkeqwvariable, as discussed quark production cross section first calculated in R28].
above. The rapidity distribution is calculated considering thatSince the resolved contribution should be the same for the
do/dy=wdo/dw. In Fig. 3 we present our results for the three nuclear parton distributions, we only present in Fig. 4
rapidity distribution considering the three parametrizationghe results obtained using the GRV parametrization for the
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10* . ; pared with the typical interaction time scale and the forma-
= tion of the vector meson only occurs after the interaction
——— GRV+RES with the target. In pQCD the interaction of tlygy pair is

described by the exchange of a color singlet system of glu-
ons(two gluons to leading ordgand, contrary to the Regge
approach, a steep rise of the vector-meson cross section is

""" s predicted, driven by the gluon distribution in the proton.
AN Measurements of the elastic photoproductiold/oF mesons
\ in ep processes have been obtained by the H1 and ZEUS
10 . -

3 > ] 3 Collaborations for values of center of mass energy below
300 GeV, demonstrating the steep rise of the cross section
predicted by pQCD. This result motivates the extension of
FIG. 4. Rapidity distribution for the photoproduction of charm the pQCD approach used in electron-proton collisions to
quarks in?°®Pb+2%Ph collisions at the LHC witiGRV+RES and ~ photonuclear processes.
without (GRV) the inclusion of the resolved contribution. The procedure for calculating the forward differential
cross section for photoproduction of a heavy vector meson in
he color dipole approximation is straightforward. The calcu-
ation was performed some years ago to leading logarithmic
approximation, assuming the produced vector-meson quarko-
nium system to be nonrelativist[83] and improved in dis-

do/dy[ub]

nucleon. For the photon distribution we use the GRV photo

parametrizatiorj29], which predicts a strong growth of the

photon-gluon distribution at smatk,. We can see that

though this contribution is important in the photoproduction.. .

of heavy quarks, as shown in R¢R7], it is small in the tinct aspect$34]. Tq lowest order theyA—J/W A ampll_tgde

rapidity distribution of charm quarks produced in peripheralCan D€ factorized into the product of the-cc transition,

heavy-ion collisions. Therefore, we believe that the inclusiorfhe scattering of thec system on the nucleus viaolorless

of the resolved component of the photon is not relevant fofwo-gluon exchange, and finally the formation of thel

the use of this process as a probe of the nuclear gluon digrom the outgoingcc pair. The heavy meson madg;y

tribution. Nevertheless, this subject deserves a further, morensures that pQCD can be applied to photoproduction. The

detailed study. contribution of pQCD to the imaginary part of the 0 dif-
Before concluding this section it is important to point out ferential cross section of photoproduction of heavy vector

that the potential of the photoproduction of quarks to probemnesons is given bj33]

the high density effects have been recently emphasized i

Ref. [30], where the color glass condensate formalism wa o(yA—IYA)

used to estimate the cross section and transverse momentum dt

t=0
spectrum. The authors have verified that the cross section is . 5 g
sensitive to the saturation scale which characterizes the col- 7 TedMjy a5(Q%) —
ored glass. Our results corroborate the conclusion that this — 484 Q8 [XGA(X, Q% ®

process is sensitive to the high density effects and the agree-
ment between the predictions is expected in the kinematig/here xG, is the nuclear gluon distributiorx=4Q2/W?

lreglontlhn W?r']Ch thte trt:?msverse mé)minium ?rj thelr_@lrs with W the center of mass energy, a@d=M3,,/4. More-
arger than the saturation scall. Fork<Q; the collinear over, I is the leptonic decay width of the vector meson.

factorization used in this paper to calculate the cross section]sne total cross section is obtained by integrating over the
must be generalized, similarly to R¢80]. momentum transfet

do(yA—J/TA)
. ELASTIC PHOTOPRODUCTION OF VECTOR o(yA—JIVA)= —at
MESONS t=0
The production of vector mesons at HERA has become a > B
rich field of experimental and theoretical reseaffdr a re- X . dt{F(t)]*, 9

min

cent review see, e.g., Rdf31]), mainly related to the ques-
tion of whether perturbative QCIPQCD) can provide an  where tpi,= (M3 /20)? and F(t)=[d% p(r)exp(q-r) is
accurate description of the elastic photoproduction processethe nuclear form factor for the distribution given by E).

At high energies the elastic photoproduction of vector me- A comment is in order here. Although some improve-
sons is a two-stage process: at first the photon fluctuates intaents of the expressidi®) have been proposed in the litera-
the vector meson which then interacts with the target. Foture [34], these modifications do not change the quadratic
light vector mesons the latter process occurs similarly to thelependence orG, . As our goal in this paper is to analyze
soft hadron-hadron interactions and can be interpreted withithe use of this process to constrain the nuclear gluon distri-
Regge phenomenolody82]. However, at large mass of the bution, we will restrict ourselves to the use of Ef) in our
vector meson, for instance, the mass of & meson, the studies.

process is hard and pQCD can be applidd]. In this case The main characteristic of the elastic photoproduction of
the lifetime of the quark-antiquark fluctuation is large com-vector mesons is the quadratic dependence on the gluon dis-
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10° . ; . . ;

I

—_
o

do/dt [nb/GeV’]
E;w
do/dy [pb]

101 1 L 1 1 L
0 50 100 150 200 250 300
W (GeV) y
FIG. 5. Energy dependence of the elastic photoproduction of FIG. 6. The rapidity distribution for elastic photoproduction of
J/¥ for distinct nuclear gluon distributionsAE= 208). J/IP at the RHIC, considering distinct nuclear gluon distributions
(A=208).

tribution, which makes it an excellent probe of the behavior

of this distribution. In Fig. 5 we show the energy dependencghe predictions should not be altered. We verify that due to
of the differential cross sectiofEqg. (8)], considering the the large number of equivalent photons and the large center
three distinct nuclear gluon distributions discussed abOV%f mass energies of the photon-nuc|eus System, the cross
We have obtained Iarger differences between the prEdiCtior&Ction for this process is |arge, which allows an experimen-
than obtained in photoproduction of heavy quarks, mainly ata| verification of our predictions. Also, in peripheral heavy-
large values of energy. This result motivates experimentabn collisions the multiplicity is small and might simplify the
analysis of elastid/'¥ photoproduction in photonuclear pro- experimental analysis. Moreover, the difference between the
cesses at high energies. Although the future electron ion cobyredictions is significant. For RHIC energies, the cross sec-
liders (HERA-A and eRHIG should probe this kinematic tjon for this process is small and probably an experimental
region, here we show that this can also be done with periphgetermination will be very hard.
eral heavy-ion collisions. In Figs. 6 and 7 we present our predictions for the rapidity
Following similar steps used in photoproduction of heavydistribution forJ/¥ production at RHIC and LHC energies.
quarks, photons coming from one of the colliding nuclei may|n this case, the final state rapidity is determined by
interact with the other. For elastic photoproductionJé¥

we consider that this photon decays intaca pair which

interacts with the nuclei by the two-gluon exchange. After y= Em @ =In 20 . (11
the interaction, this pair becomes the heavy quarkonium 2 V|tminl My

state. Consequently, the total cross sectionJio¥ produc-

tion in peripheral heavy-ion collisions is obtained by inte'SimiIarIy to the heavy quark photoproduction, the large
grating the photonuclear cross sectj@y. (9)] over the pho-  ragion probes the behavior oG, at small x, while the
ton spectruniEq. (5], resulting in region of smally probes medium values of We conclude
that the rapidity distribution for elastic production &f¥ at
w RHIC allows to discriminate between the GRV and EKS
dt t=0 predictions, with the AG prediction being almost identical to
the latter. For the LHC we have a large difference between
o ) the distributions, mainly in magnitude, which will allow to
Xft ~dtF(t)[= (10 estimate the magnitude of the EMC, antishadowing, and high
mn density effects.

In Table | we present our predictions for the total cross sec-

do
o(AA-AAIY) = f —n(w)

tion considering as input the distinct nuclear gluon distribu- 10t |
tions and LHC energies. We point out that although these
numbers will be modified by the inclusion of higher order 102 |
corrections for the cross secti¢d4], the difference between g
> (]
TABLE I. The total cross sectioo(AA—AAJ W) for different § 1
nuclear gluon distributions. Results for the LHC. -
Gluon distribution LHC o
GRV 6.584 mb
EKS 2.452 mb FIG. 7. The rapidity distribution for elastic photoproduction of
AG 0.893 mb J/V at the LHC considering distinct nuclear gluon distributions
(A=208).
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4 - - ' . . - - gluon distribution. In this paper we have studied the possi-
35| | —— Photo. 3 bility of using peripheral heavy ion collisions to constrain the
3} |----- Elast. Photo. T behavior ofxG,. In these collisions the high flux of quasi-

T o5 | real photons from one of the nuclei provides a copious
% ol source of photoproduced reactions and large values for the
b cross sections are obtained. Initially, we have reanalyzed the
e 18T photoproduction of heavy quarks in peripheral heavy-ion
1 collisions considering three possible parametrizations@{
05| which estimate the medium effects differently. Our results
0 s o 1 o 1 s s for the mass and rapidity distribution show that at LHC en-

ergies this process is sensitive to the medium effects. How-
ever, as this process is linearly proportionakkt, the dif-

FIG. 8. Rapidity behavior of the ratio between the EKS and AGferences are not large, which implies that only experimental
predictions for photoproduction of charm quarks and elastic photoMmeasurements with large statistics will allow to discriminate
production ofJ/ V. between the behaviors. To improve this situation, in this pa-
per we propose, for the first time, the study of the elastic

Finally, in Fig. 8 we compare the photoproduction of photoproduction of vector mesons in peripheral heavy-ion
heavy quarks and the elastic photoproductiod/oF in pe-  collisions as a potential process to probe the medium effects.
ripheral heavy-ion collisions as a possible process to conAs the cross section for the elastic vector-meson production
strain the behavior of the nuclear gluon distribution. Wedependsquadratically on the gluon distribution, it gives a

present the rapidity distribution of the ratio as unique opportunity to study the lowbehavior of the gluons
inside the nucleus. Our results demonstrate that the study of

do do photoproduction of vector mesons determines the behavior
RIEKSAG]= d_y[EKS]/ d_y[AG]' 12 4f the nuclear gluon distribution in the full kinematic region,
with the rapidity distribution allowing for the first time to
where we consider the EKS and AG parametrizations as inestimate the EMC, antishadowing, and high density effects.
puts of the rapidity distributions. We confirm that the analy- We expect that our results will contribute to motivate
sis of the elastic photoproduction of' ¥ at medium and studies of peripheral heavy-ion collisions at the RHIC and
large rapidities is a potential process to determinate the pres-HC since, as discussed in the introduction, the determina-
ence and estimate the magnitude of the high density effectsion of the medium effects is fundamental for the derivation
of reliable predictions of the initial conditions of the quark-
IV. CONCLUSIONS gluon plasma and its signatures.
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