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1. Introduction

The exclusive vector meson photoproduction in pp and PbRision allows to test pertur-
bative Quantum Chromodynamics. The quarkonium massgsgive a perturbative scale for the
problem even in the photoproduction lim@®? = 0. The Pomeron exchange can also be investi-
gated in diffractive photoproduction of mesons at the higargy regime. At this energy domain
hadrons and photons can be considered as color dipoles mitiee light cone representation [1].
The scattering process can be characterized by the cololediposs section representing the in-
teraction of those color dipoles with the target (protonauelei). This work investigate3/W and
WY(2S) states in pp and PbPb collisions at LHC energies using th@edgpproach. Predictions are
presented and compared with LHC data.

2. Photon-pomeron processin relativistic nucleus-nucleus collisions

At high energy limit and large impact parameter the nucleudeus collisions are dominated
by electromagnetic interaction. In this case the total £mExtion can be factorized in terms of
the equivalent flux of photons of the hadron projectile arel photon-photon or photon-target
production cross section, given by [2].

dNy (W)  2Z20en
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wherew is the photon energyy is the Lorentz boost of a single beam af¢(&) andK; (&) are
the modified Bessel functions. Considering symmetric riuw®ing radiusRa, one hasfq® =
2Raw/ W .

Using the relation with the photon energy, i.e. y O In(2w/my ), the rapidity distributiory
for quarkonium photoproduction in nucleus-nucleus cialfis can be written as.

do [AA— AR (25 ® X] dey(oo)

dy dw

Oyassy(29x (W), (2.2)

where® represents the presence of a rapidity gap. Consequentty) thie photon flux, the rapidity
distribution is thus a direct measure of the photoproductimss section for a given energy.

The skewedness effect (off-diagonal gluon exchange) aaigest of the amplitude were con-
sidered in these predictions. The photon wavefunctiongeegively well known [3]. For the
meson wave function the boosted gaussian wavefunction a@sdered. This simplification of
the NNPZ wavefunction was presented in Refs. [1, 4]. It haankmmpared to recent analysis of
DESY-HERA data for vector meson exclusive processes.

The exclusivap(2S) photoproduction off nuclei for coherent and incoherentpsses can be
simply computed in high energies where the large coheramgghl; > R, is fairly valid. In such
case the transverse sizeaofdipole is frozen by Lorentz effects. The expressions forcibleerent
and incoherent cross sections are given by [5],

alh = / d2b|(lPV|l—exp[—%adip(x,r)TA(b)} |WYy|2, (2.3)
Ol = Tormparg | O X (4| asplxr)exp| S0k TaB)| [P (24
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Figure 1. The rapidity distribution of coherent (1S) (left) and (2S) (right) meson photoproduction at
\/$=2.76TeV in PbPb collisions at the LHC.

whereTa(b) = [ dzpa(b, z) is the nuclear thickness function given by integration aflear density
along the trajectory at a given impact paraméten addition,By is the diffractive slope parameter
in the reactiorny*p — Yp.

For the dipole cross section the Color Glass Condensateliitjaeas considered foogip(X,r).
This model has been tested for a long period against DISadtffe DIS and exclusive production
processes iep collisions. Corrections due to gluons shadowing were alswiclered as the gluon
density in nuclei; at smak-region is known to be suppressed compared to a free nucldwat.ig,
we will take ggip — Ra(X, Qz,b)adip following studies in Ref. [7]. The factdrg is the nuclear
gluon density ratio. In the present investigation we wik tise nuclear ratio from the leading twist
theory of nuclear shadowing based on generalization of titeo&Glauber multiple scattering for-
malism as investigated in Ref. [8]. We used the two modelgaibla for Rg(x,Q?) in [8], Models
1 and 2, which correspond to higher nuclear shadowing andrlowclear shadowing, respectively.

3. Resaults and discussions

The Fig. 1 (left) presents the numerical calculations fer dpidity distribution of coherent
Y(1S) state within the color dipole formalism, Egs. (4.2) and J2w&ing distinct scenarios for
the nuclear gluon shadowing [9]. The dot-dashed curve septte the result usinBs = 1 and
it is consistent with previous calculations using the saorenélism [10]. The ALICE data is
overestimate on the backward (forward) and mainly in céntygidities. The threshold factor for
x — 1 was not included in the present calculation, so the ovieratibn in the backward/forward
rapidity case, is already expected. In that kinematicabregither a smalk photon scatters off a
largex gluon or vice-versa. The ALICE data [11] is overestimate figichor 2 consideringRs = 1,
as already noticed in recent study of Ref. [12]. If we consid&lear shadowing renormalizing the
dipole cross section, the situation is improved due to thembensity in nuclei; at small Bjorken
X is expected to be suppressed compared to a free nucleon thierferences. For the ratio of the
gluon densityRs(x, Q> = m{ /4), we have considered the theoretical evaluation of Ref.TBgre,
two scenarios for the gluon shadowing are investigated: élédcorresponds to a strong gluon
shadowing and Model 2 concerns small nuclear shadowingc@ihgequence of renormalizing the
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Figure 2: The rapidity distribution of incoherent ¢(1S) (solid line) and ((2S) (dashed line) meson photo-
production at /s = 2.76 TeV. Data from ALICE collaboration[11].

dipole cross section by gluon shadowing effects is repteddny the long-dashed (Model 1) and
solid (Model 2) lines, respectively. In the current anadysihe small shadowing option is preferred
. The theoretical uncertainty related to the choice of magawefunction is relatively largeRg
was considered as independent on the impact parameter.

The Fig. 1 (right) shows the first estimate in literature foe toherent photoproduction of
Y(29) state in nucleus-nucleus collisions. In particular, Rey= 1 one obtains for central rapid-
ity ‘é—g(y = 0) = 0.71 mb and the following in the forward/backward regi%(y =+3)=0.16
mb. When introducing the suppression in dipole cross sedie to nuclear shadowing, one gets
instead?j—‘)f (y=0) =0.24 mb and 0.33 mb for Model 1 and Model 2, respectively. At @nt-

pidities, the meson state ratio is evaluated t(Rﬁ;:eO = U%—‘)fS)/de)‘fS)(y =0)=0.14incasRz =1

which is consistent with the ratio measured in CDF, i.4.4@- 0.05, on the observation of exclu-
sive charmonium production at 1.96 TeV pp collisions [13]. A similar ratio is obtained using
Model 1 and Model 2 at central rapidity as well. As a predictior the planned LHC run in PbPb
mode at 5.5 TeV, we obtaifigz (y = 0) = 1.27 mb andige=(y = 0) = 0.27 mb for the coherent

and incoherenty(2S) cross sections (upper bound usiRg = 1), respectively.

The Fig. 2 presents the incoherent contribution for thedigpidistribution for bothy/(1S)
(solid line) andy(2S) (dashed line) meson states[9]. For thélS) state, the present calculation
can be directly compared with those studies presented in[R2f. The incoherent cross section
dg—iync ranges between 0.5 to 0.7 mb (using IIM dipole cross sectiobetween 0.7 to 0.9 mb (using
flPsat dipole cross section) at central rapidities, with tincertainty determined by the distinct
meson wavefunction considered [12]. Here, was obtaﬁgfg%j(y: 0) = 1.1 mb using a different
expression for the incoherent amplitude, Eq. (2.4). Thisltelescribes the recent ALICE data [11]
for the incoherent cross section at mid—rapidﬁg':";éj(—og <y <0.9)=0.98+0.25 mb. For the
Y(2S) state, was found% = 0.16 mb for central rapidities. In both cases it was only coragut
the case foRg = 1. Therefore, this gives an upper bound for the incoherarsscsection compared
to Model 1 and Model 2 calculation. For the incoherent cdsegiuon shadowing is weaker than
the coherent case and the reduction is around 20 % compated taseRz = 1. The incoherent
piece is quite smaller compared to the main coherent caonioii. As an example of order of
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Figure 3: The rapidity distribution at forward region of exclusive /(1S) production (left) and rapidity
distribution of exclusive J/y (solid curve) and /(2S) (dashed curve) production (right) at \/s= 7 TeV in
proton-proton collisions at the LHC.

magnitude, the ratio incoherent/coherent is a factor G2k 1S state and 0.23 for theSxstate at
central rapidity.

4. Exclusive meson photoproduction in proton-proton collisions

The cross section for the exclusive meson photoproductidmadron-hadron collisions can
also be factorized in terms of the equivalent flux of photohthe hadron projectile and photon-
target production cross section [2]. The photon energytap@cdN,/dw, is given by a modified
version of Wiezsacker-Williams approximation [2]

2w\ 2 11 3 3 1
1+<1—7S>]x<|n5—€+3—@+3—63>, (4.1)

where w is the photon energy ang’s is the hadron-hadron centre-of-mass energy. Given the
Lorentz factor of a single bearg, = /S/(2my), one has thaf = 1+ (Q3/Q2,,,) with Q3 =0.71
GeV? and Q2. = w?/y?. The rapidity distributiory for charmonium photoproduction, i.e. the
Y(1S) andy(2S) states, in proton-proton collisions can be written down as,

dNy(w)  Oem

dw  2nw

z—j(pp —PRYRP) = Fp [wz—'\ga(Vp —Y(S+p)+(y— —y)] : (4.2)
where® represents the presence of a rapidity gap. The producetivsgitéit masamy has rapidity

y ~ In(2w/my) and the square of thgp centre-of-mass energy is given w{/zp ~ 2w,/s. The
absorptive corrections due to spectator interactions dmtvithe two hadrons are represented by
the factorSyp. The corrections related to skewedness effect and reabparnplitude are also
considered. For the charm quark mass, we will use the value 1.4 GeV. The CGC model was
used for the dipole cross section [6].

5. Results and discussions

Fig. 3 (left) compares the present theoretical approadhetdata for they(1S) state measured
by LHCb Collaboration at the energy of 7 TeV in proton-protmilisions at the forward region
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2.0 < ng < 4.5 [14]. Hereafter, we will assume for the absorption facher average vaIu@éap =
0.8, despite it depends on rapidity as shown in Ref. [15]. Treogdtive corrections considering
the elastic rescattering have been computecpfocollisions in [15] and have a value &,,(y =
0)=0.85 andssap(y = 3) = 0.75, respectively. In Fig.3 the numerical calculations élal GGM
and represented by the solid curve) are shown for the rgpidstribution for ¢ (1S) state within
the color dipole formalism, Eq. (4.2). The relative norreation and overall behavior on rapidity is
quite well reproduced in the forward regime. In Fig. 3 the ptete rapidity distribution, including
mid-rapidity and backward region, is presentedJo@ andy(2S) states (solid and dashed curves,
respectively). Thd/( cross section at central rapidity%s(y = 0) = 5.8 nb. We obtairo(pp —
p+J/Y+p)xBr(J/Y — utu~) =698 pb for the meson with a rapidity between 2 and 4.5. After
correcting this result by the acceptance factor in ordeotovert the prediction in terms of muon
pseudorapidities we gty . y(—p+p-) (2.0 < ny= < 4.5) =298 pb. This is in good agreement
to the experimental resutty, /gyt ) (2.0 < Ny < 4.5) = 307+ 42 pb [14] (summing errors
in quadrature).

The Fig. 3 (right) shows the rapidity distribution for exaity(2S) mesons (dashed line)
[9], which gives at central rapidity a cross secti%‘-)h(y = 0) = 0.94 nb. It is obtainedr(pp —
P+ Y(2S) + p) x Br(y(2S) — uu~) = 18 pb for rapidities D < y < 4.5. Accordingly, we now
predictayp g (2s)(—ptp-) (2.0 < Ny < 4.5) = 7.7 pb compared toy,, ., g (25) (-t ) (2.0 < Ny <
4.5) =7.8+1.6 pb measured by LHCb [14]. At mid-rapidity we obtain theaaty(2S) /(19)]y—o
= 0.16 and taking the integrated cross section fr2y < 4.5 we have(2S) /Y (19)]
2<y<45 = 0.18. The latter value of the ratio is strongly consistent te tfHCb determination
(W(29)/W(19)](2.0 < ny+ < 4.5) =0.19+0.04.

Itis timely to compare our results to the similar theordtaggroaches in literature. The values
obtained for the integrated cross sections for the exaukiy production are consistent with cal-
culations using the color dipole formalism [10, 16] and witie prediction from Starlight [17] and
SuperChic [18] generators as well. In the casg@2S) state our prediction is in agreement to the
Starlight generator result, which giv Ti?ﬂLIZGSHL;ﬁu ) = 6.1 pb. On the other hand, our results
are a factor about 2 lower than the values appearing in Reftiiit considers thk, -factorization
approach. The complexity of the phenomenological modesiclemed here could turn out its con-
nection to the QCD dynamics not so clear. Therefore, somevmnts are in order at this point.
The main dependence being probed in the exclusive vectoonm@a®duction inpp collisions is
the energy behavior of the photoproduction cross sectime (gat the photon flux is well known).
The LHCb data cover one order of magnitude on photon-protmre-of-mass energy above the
typical DESY-HERA regime. Such an extrapolation is comgiietiriven by the QCD dynamics at
small-x and embeded in the dipole cross section in our aisalyhis is directly translated into the
rapidity dependence gp cross section. The other inputs like the paramaters in waesibns,
real part and skewdness corrections and absorption efietysaccount for the overall normal-
ization. It's worth mentioning that our predictions are graeter free. The inputs in the meson
wavefunction are determined from its normalization cdodit The phenomenological parameters
in dipole cross section were determined by a fit to DESY-HER®ador proton structure func-
tion F, at small-x [6] and already tested against exclusive preseas DESY-HERA energies at a
number of contributions [19, 16].



Exclusive photoproduction of quarkoniumat the LHC energies within the color dipole approach
M. Beatriz Gay Ducati

6. Summary

The photoproduction of radially excited vector mesons wasstigated in pp and PbPb col-
lisions at LHC energies using the light-cone dipole forsrali Predictions are done for PbPb
collisions at the CERN-LHC energy of 2.76 TeV. The fact thmet gluons shadowing suppress the
dipole cross section was studied and the result&§pe 1 give the larger cross sections. The co-
herent exclusive photoproduction ¢f2S) off nuclei has an upper bound of order 0.71 mlg at0
down to 0.10 mb for backward/forward rapiditigs= +3. The incoherent contribution was also
computed and it is a factor 0.2 below the coherent one. A smalear shadowinBg(x, Q% = ?)
is preferred in ALICE data description whereas the usiak 1 value overestimates the central
rapidity cross section by a factor 2 for tijg 1S) state photoproduction. For incoherent cross sec-
tion, the present theoretical approach describes the Ald&a. Thus, the central rapidity data
measured by ALICE Collaboration for the rapidity distrilout of the /(1S) state is crucial to con-
strain the nuclear gluon function. For pp collisions it wasrfd that the the coherent exclusive
photoproduction ofy(2S) off nuclei has an upper bound of order 0.71 mly at 0 down to 0.10
mb for backward/forward rapiditieg= +3. The incoherent contribution was also computed and
it is a factor 0.2 below the coherent one. Comparison has teea to the recent LHCb Collab-
oration data for the exclusivg(1S) and /(2S) production at 7 TeV. The experimental values are
fairly described by the present calculation.
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