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Isolated photon production in the color dipole picture
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A phenomenological study of the isolated photon production in high energy pp and pA collisions
at RHIC and LHC energies is performed. Using the color dipole formalism, we investigate
the impact of the saturation effects on the production cross sections considering three different
phenomenological models for the universal dipole cross section. Predictions for the rapidity
dependence of the ratio of pA to pp cross sections are also presented. Moreover, we present our
predictions for the correlation function in azimuthal angle ∆φ between the photon and a forward
pion for different energies and photon rapidities. Our results demonstrate that the presence of
saturation effects implies a double-peak structure in the correlation function around ∆φ ' π when
the isolated photon and the pion are produced at forward rapidities.
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1. Introduction

The isolated photon production in pp and pA high-energy collisions is a clean probe for strong
interactions in the perturbative regime of Quantum Chromodynamics (QCD). As in the the Drell-
Yan (DY) pair production, the isolated photon production at high-pT provide efficient means for
phenomenological analysis of various nuclear effects. Our focus in this contribution is the isolated
photon production off the proton and nuclear targets in the low-x regime of QCD in the framework
of the phenomenological color dipole formalism. In the high-energy, the projectile quark effectively
probes a dense gluonic field in the target, which implies that the isolated photon production cross
section is strongly sensitive to the presence of nonlinear effects in the QCD dynamics.

In this contribution we will summarize the results presented in Ref. [1]. In particular, we will
present our predictions for the transverse momentum distribution of isolated photons produced at
the RHIC and LHC and for the ratio between the proton-lead (pPb) and proton-proton (pp) cross
sections at the LHC. Moreover, results for the azimuthal correlation between the photon and a pion
that emerges from a projectile quark hadronization will also be presented.

2. Isolated photon production

In the color dipole formalism, the differential cross section for the real photon production is
given by

dσ(pT → γX)
d2pT dη

=
2pT
√

s
cosh(η)

x1
x1 + x2

∑
f

∫ 1

x1

dα
α2 [qf (x1/α, µ

2
F )+q̄f (x1/α, µ

2
F )]

dσ f (qT → qγX)
d lnαd2pT

, (1)

where pT and η are the transverse momentum and pseudorapidity of the emitted photon,
√

s is the
center - of - mass energy and the Feynman variable is defined by xF ≡ x1− x2, with x1 = (pT/

√
s)eη ,

x2 = (pT/
√

s)e−η . Moreover, qf (q̄f ) are the unpolarized projectile quark (antiquark) collinear PDFs
associated to (valence and sea) flavor f = u, d, s, c, which depend of the momentum fraction of the
projectile quark taken from the parent nucleon xq = x1/α. The QCD factorization scale is assumed
to be µF = pT ≡ |pT |. The differential cross section of the high-pT real photon production in the
quark-target scattering subprocess is represented in the dipole picture as

dσ f (qT → qγX)
d lnαd2pT

=
1
(2π)2

∫
d2ρ1d2ρ2eipT ·(ρ1−ρ2)Ψ(α, ρ1,m f )Ψ

∗(α, ρ2,m f )

×
1
2
[σT

qq̄(αρ1, x2) + σ
T
qq̄(αρ2, x2) − σ

T
qq̄(α |ρ1 − ρ2 |, x2)],

(2)

where m f is the constituent quark mass and Ψ(α, ρ,m f ) is the LC wave function of the real
photon radiation off a quark with flavor f . The quark-γ transverse separations amplitude and its
conjugate are considered to be different and are denoted as ρ1,2. Following Ref. [2], we take
mu = md = ms = 0.14 GeV and mc = 1.4 GeV. The overlap of the photon bremsstrahlung wave
functions in Eq. 2, summed over the transverse polarizations of the radiated hard photon, reads

Ψ(α, ρ1,m f )Ψ
∗(α, ρ2,m f ) =

αeme2
f

2π2

{
m2

f α
4K0(τρ1)K0(τρ2)+[1+(1−α)2]τ2 ρ1 · ρ2

ρ1ρ2
K1(τρ1)K1(τρ2)

}
, (3)
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where ᾱ ≡ 1 − α, αem is the fine structure constant, e f is the charge of the projectile quark,
ρ1,2 ≡ |ρ1,2 |, τ = αm f , and the modified Bessel functions of the second kind are denoted as K0,1.

One of the important observables sensitive to the dynamics of saturation is the correlation
function C(∆φ) in azimuthal angle ∆φ between the final state photon and hadron, which is defined
by

C(∆φ) =
2π

∫
pT ,p

h
T>p

cut
T

dpT pT dphT phT
dσ(pT→hγX)

dηdyhd2pT d2ph
T∫

pT>p
cut
T

dpT pT
dσ(pT→γX)

dηd2pT

, (4)

in terms of the low cutoff pcutT on transverse momenta of γ and h. In the denominator, we have the
cross section for inclusive photon production in association with a leading hadron h, which is given
by

dσ(pT → hγX)
dηdyhd2pT d2phT

=
αem

2π2

∫ 1

xh
1−x1

dzh
z2
h

∑
f

e2
f Dh/ f (zh, µ2

F )xpqf (xp, µF )S⊥FT (xg, kg
T )

z̄z2(1 + z̄2)kg2
T

P2
T (PT + zkg

T )
2
, (5)

where the key kinematical variables are determined as: xh ' (phT/
√

s)eyh, xp = x1 + xh/zh,
z = x1/xp, and xg = x1e−2η + (xh/zh)e−2yh ; and also kg

T = pT + kq
T , PT = z̄pT − zkq

T , and
kq
T = ph

T/zh. Moreover, Dh/ f is the fragmentation function of the projectile quark qf into a final-
state (light) hadron h carrying ph

T , yh is the rapidity of the hadron h in the final state, zh and xh are
respectively the LC momentum fractions taken by the hadron h from the parent quark qf and the
incoming proton, PT is the relative transverse momentum between the photon and the quark qf ,
kq
T is the transverse momentum of the projectile quark q (before fragmenting), kg

T is the transverse
momentum of the exchanged gluon in the t channel, S⊥ is the transverse area of the considered
target T , and FT (xg, kg

T ) is the Unintegrated Gluon Distribution Function (UGDF) in the target T .
For the numerical analysis, we consider three different phenomenological models for the cross

section of the dipole: the Golec-Biernat–Wusthoff (GBW) model [2] relying on a simple saturated
ansat; a solution of the Balitsky-Kovchegov equation [3, 4] with running coupling obtained in Ref.
[5] denoted as AAMQS; and a phenomenological saturation model based upon the color glass
condensate (CGC) approach [6]. In the case of a heavy nucleus target we will assume the Glauber-
Mueller (GM) approach [7, 8] based upon resummation of all the multiple elastic rescattering
diagrams.

3. Results

In Figs. 1 (a) and (b) we present our predictions for the isolated photon production in pp
collisions at

√
s = 14 TeV and two values for the photon pseudorapidity, η = 4 and η = 6. The

AAMQS prediction yields a higher spectrum than the other models, particularly, at large photon
transverse momenta while the CGC and GBW parametrizations provide similar predictions. Note
that at small pT , however, the AAMQS prediction becomes slightly below theGBWone. The impact
of nuclear effects on the production of isolated photons in pPb at the LHC can be estimated by
calculating the nuclear modification factor RpA = σpA/Aσpp. The associated results are presented
in Fig. 1 (c). Our predictions use the GM approach for the dipole-nucleus cross section and also
a solution of the BK equation (called rcBK). We can note that the GM model predicts that the
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Figure 1: Isolated photon transverse-momentum spectra in pp collisions at
√

s = 14 TeV of the LHC
experiments for (a) η = 4 and (b) η = 6. (c) Transverse momentum dependence of the normalized nuclear
modification factor RpA for isolated photon production in pPb collisions (A = 208) at the LHC (

√
s = 8.8

TeV) for several selected values of the photon pseudorapidity η and for two distinct (GM and rcBK) models
of the dipole-nucleus cross section.

factor RpA becomes smaller than one for small values of pT , and the transition depends on the
pseudorapidity and shifts to larger values of pT when we consider larger values of η. For rcBK, we
notice that RpA is below one in the entire pT range considered.

Our predictions for the correlation functionC(∆φ), defined in Eq. 4, considering the production
of isolated photons and pions at the LHC in pp and pPb collision are presented in Fig. 2. The
calculations were performed using the GBW model. The results presented in Fig. 2 (a) and (b)
indicate that the single peak red line (back-to-back correlation) gives way to a double peak structure
when we consider higher pseudorapidity values. The presence of a double peak with a dip in∆φ = π
is a direct manifestation of the saturation physics. We can also note that the decorrelation is even
greater for the pPb case (blue lines) than for the pp case (red lines). In Fig. 2 (c) we analyze the
impact of atomic mass on the correlation function in pPb collisions. One has that the decorrelation
increases for heavier nuclei, which is directly associated to the atomic number dependence of the
saturation scale. Similar results are obtained for RHIC energies (for details, see Ref. [1]).
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Figure 2: (a) and (b) Predictions for the correlation function C(∆φ) considering the associated photon and
pion production in pp and pPb collisions at the LHC (

√
s = 8.8 TeV) considering distinct configurations for

the isolated photon and pion rapidities. (c) Atomic number dependence of the correlation function C(∆φ)
for the associated photon and pion production in pA collisions at the LHC (

√
s = 8.8 TeV).
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4. Summary

In this contribuition, we provide a brief overview of our phenomenological analysis of the
isolated photon production in pp and pA collisions at typical RHIC and LHC energies in the
framework of the color dipole approach. We employed three different phenomenological saturation
models for the dipole-target scattering. Besides, we have investigated the correlation functionC(∆φ)
in the azimuthal angle between the real high-pT photon produced in association with a leading pion
emerging via fragmentation of a projectile quark which emits the photon. This observable has been
studied in pp and pA collisions at RHIC and LHC energies and at different rapidities of final states.
In pp collisions, the correlation function exhibits a double-peak structure close to ∆φ ' π in certain
kinematical configurations corresponding to both the real high-pT photon and the accompanied
high-pT pion being produced at forward rapidities. In the case of pA collisions, a larger nuclear
saturation scale enforces a stronger decorrelation between the photon and the pion.
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