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The exclusive photoproduction of the heavy vector mesons Ψ(1S, 2S) is investigated

in the context of ultra-peripheral collisions proton-proton and nucleus-nucleus for the

energies available at the LHC run 2. Using the light-cone color dipole formalism, it was
calculated the transverse momentum distribution in the central rapidity region, in which

it is expected major contribution for the process.
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1. Introduction

In the ultra-peripheral collisions regime 1 (impact parameter b > 2RA), the exclu-

sive photoproduction dominates the process through the emission of virtual photons

that interact with the target. The photoproduction provides ways to investigate

the transition between the linear and the non-linear dynamics, characterized by

the limitation on the maximum phase-space parton density that can be reached

in the hadron wave-function (saturation phenomenon 2,3). The theoretical frame-

work considered in the analysis is the light-cone color dipole formalism 4, which

includes consistently both the parton saturation effects in photon-proton interaction

as nuclear shadowing effects in photon-nucleus process.

In this work, it was investigated the transverse momentum distribution 5 for the

exclusive photoproduction of mesons Ψ(1S, 2S) in proton-proton (
√
s = 13 TeV)

and nucleus-nucleus (
√
s = 5.5 TeV) collisions in the LHC energy interval (Run 2).

This is an Open Access article published by World Scientific Publishing Company. It is distributed
under the terms of the Creative Commons Attribution 4.0 (CC-BY) License. Further distribution
of this work is permitted, provided the original work is properly cited.

1760058-1

In
t. 

J.
 M

od
. P

hy
s.

 C
on

f.
 S

er
. 2

01
7.

45
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.w
or

ld
sc

ie
nt

if
ic

.c
om

by
 G

E
R

M
A

N
 E

L
E

C
T

R
O

N
 S

Y
N

C
H

R
O

T
R

O
N

 @
 H

A
M

B
U

R
G

 o
n 

05
/0

8/
19

. R
e-

us
e 

an
d 

di
st

ri
bu

tio
n 

is
 s

tr
ic

tly
 n

ot
 p

er
m

itt
ed

, e
xc

ep
t f

or
 O

pe
n 

A
cc

es
s 

ar
tic

le
s.

http://dx.doi.org/10.1142/S2010194517600588


July 21, 2017 9:44 WSPC/CRC 9.75 x 6.5 1760058

S. Martins and M. B. Gay Ducati

2. Theoretical Framework

In the ultra-peripheral regime, the rapidity distribution of the vector meson in pp

collisions is given by 6,7

dσ

dy
(p+ p→ p+ p+ V ) = S2

gap

[
ω
dNp

γ (ω)

dω
σ (γp→ V + p) + (y → −y)

]
, (1)

where the first term, dN(ω)/dω, represents the virtual photons flux, calculated from

the Weizsäcker Williams method 8 and the second term, σpγ(ω), it is the photopro-

duction cross section that quantifies the cross section for the γ + p→ p+ Ψ(1S,2S)

process. The parameter S2
gap estimates the absorptive corrections and, here, it is

taken the average value S2
gap = 0.8 (see Ref. 20). In the present work, we considered

the color dipole approach for modeling the photoproduction cross section,

σ (γp→ V p)
(
s,Q2

)
= 1

16πBV

∣∣∣∫ d2r
∫ 1

0
dz
4πρV (z, r)Aqq̄(x, r,∆ = 0)

∣∣∣2 (1 + β2
)
Rg(λeff ). (2)

The parameter BV (slope parameter) was calculated from the Regge phenomenol-

ogy 10 with the energy dependence. The parameters β = ReA/ImA and Rg corre-

sponds, respectively, the real contribution of the frontal amplitude and off-diagonal

momenta of exchanged gluons (skewedness effect). The function ρV = (Ψ∗V Ψ)T cor-

responds to overlap of the photon-meson wave functions 11, while the amplitude

Aqq̄ represents the dipole-target scattering amplitude (assumed to be imaginary).

Finally, the variables z and r are the longitudinal momentum fraction carried by

the quark and the transverse color dipole size, respectively.

To model the meson wave-function, it was used the Boosted-Gaussian model 11

since it can be applied in a systematic way for excited states. The parameters

R2
nS and NnS presented in the model were calculated in 12,13. Other important

component in Eq. (2) is the dipole scattering amplitude, which is related to the

color dipole cross section in the form

σqq̄(x, r) = 2

∫
d2bAqq̄(x, r, b) ,

bearing in mind that b and ∆ are Fourier conjugates variables. We considered the

models GBW 14 and GBW-KSX (see Ref. 15), which the last takes into account the

effect of the gluon number fluctuations. It was also considered the CGC model 16,

labeled for CGC-old parameterization 17 which considers the previous DESY-HERA

data and CGC-new 18 which considers more recent data from ZEUS and H1 com-

bined results for inclusive DIS. Finally, it was included the b-CGC model 19, with

impact parameter dependence in the dipole-proton scattering amplitude.

In the case of nuclear targets, the coherent photonuclear cross section was cal-

culated using the expression 21,

σ (γA→ V A) (ω) = R2
g

|Anuc(x,∆ = 0)|2

16π

(
1 + β2

) ∫ ∞
tmin

|F (t)|2 dt ,
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where

tmin =
(
m2
V

/
2ω)2

and the nuclear form factor is given by

F (q) =
4πρ0

Aq3
[sin (qRA)− qRA cos (qRA)]

[
1

1 + a2q2

]
,

with q =
√
|t|, ρ0 = 0.1385 fm−3 and a = 0.7 fm.

3. Results and Discussions

To test the precision of the models, it was calculated the rapidity distribution in

order to compare with the available data of LHC for the J/ψ and Ψ(2S) production

in
√
s = 7 TeV, Figures 1 and 2.

-6 -4 -2 0 2 4 6
y

0

1

2

3

4

5

6

d
σ

/d
y
 [
n
b
]

LHCb data 2013
LHCb data 2014

GBW
old

CGC
old

CGC
new

BCGC
old

GBW
new

Photoproduction of J/ψ - LHC - s
1/2

= 7 TeV
p + p --> p + J/ψ + p

Fig. 1. Rapidity distribution for the vector meson states Ψ(1S) in pp collisions in the LHC Run
I at
√
s = 7 TeV.

The relative normalization and the overall behavior on rapidity are well repro-

duced by all the models in the forward region in comparison to the experimental

results from LHCb Collaboration. However, due to the limited experimental data,

we can not discard the dipole models for the exclusive photoproduction of the J/ψ

and ψ(2S).
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Fig. 2. Rapidity distribution for the vector meson states Ψ(2s) in pp collisions in the LHC Run

I at
√
s = 7 TeV.
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Fig. 3. Results for the pT distribution of the Ψ(1S, 2S) states in pp collision at
√
s = 13 TeV.

Using the central results (y = 0) of the rapidity distribution at
√
s = 13 TeV, it

was calculated the pT -distribution for the vector mesons Ψ(1S, 2S) in pp and AA

collisions. First, in pp collision case, the pT -distribution is given, approximately, by

d2σ

dydp2
T

∣∣∣
y=0
≈ dσ

dy

∣∣∣
y=0

BV (y = 0)e−BV p
2
T ,
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from which estimates for pp collision corresponding the production of the Ψ(1S, 2S)

at
√
s = 13 TeV, Fig. 3. It was obtained the Gaussian behavior consistent with

the exponential ansatz, Aqq ∝ e−BV ∆2/2, applied in the DESY-HERA experimental

data on vector meson photoproduction. On the other hand, for the PbPb collision,

the momentum transverse distribution in the central region (y = 0) is given by

d2σ

dydp2
T

∣∣∣
y=0

=

dσ
dy

∣∣∣
y=0

∣∣∣F (|t| = p2
T )
∣∣∣2∫ tmin

−∞

∣∣∣F (|t| = p2
T )
∣∣∣2dt ,

with

tmin =

(
m2
V

4ω

)2

.
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Fig. 4. Results for the pT distribution of the Ψ(1S, 2S) states in PbPb collision at
√
s = 5.5 TeV.

In this case, it were obtained the results of the Fig. 4, where the form factor used

gives rise to oscillatory behavior that is a characteristic of diffractive processes.
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