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Abstract

At small Bjorken-x, the large gluon number density in the nucleon leads to gluon recombination competing with gluon
splitting, which could result in saturation of the gluon PDF. This gluon saturation has yet to be conclusively observed.
Direct photon production provides sensitivity to gluon densities in protons and nuclei, and the forward acceptance of
LHCb detector allows for measurements of this process at low Bjorken-x, providing an ideal probe of saturation effects.
Progress towards the measurement of forward direct photon production using the LHCb detector is presented.
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1. Introduction

Photons in hadron collisions are predominantly produced in hadron decays. Photons that are not pro-
duced in hadron decays are known as direct photons. Direct photons are produced at tree-level via quark-
gluon compton scattering, providing sensitivity to the gluon parton distribution function (PDF) [1]. As
Bjorken-x (x) decreases, the gluon PDF increases as high-momentum gluons split into low-momentum glu-
ons. As the number density of gluons increases, recombination competes with gluon splitting, which could
lead to gluon saturation. Because the number density of gluons in a Lorentz-contracted nucleus increases
with the atomic mass A, saturation effects should be most significant in collisions involving heavy ions [2].

The LHCb detector is a single-arm forward spectrometer instrumented for tracking, calorimetry, and
particle identification in the region 2 < η < 5 [3]. LHCb collected proton-lead collision data at

√
sNN =

8.16 TeV in 2016, including an integrated luminosity of 13 nb−1 with the proton beam travelling towards the
spectrometer at the interaction point (the pPb configuration) and 17 nb−1 with the lead ion beam travelling
towards the spectrometer at the interaction point (the Pbp configuration). The forward acceptance of the
LHCb detector provides sensitivity to the nuclear gluon PDF at x < 10−5 through measurements of low-pT
forward direct photon production in pPb collisions. Sensitivity to the gluon PDF in the nucleus at low x
makes direct photons at LHCb an ideal probe of gluon saturation. Progress on studies of direct photons in
the
√

sNN = 8.16 TeV pPb and Pbp data sets collected by the LHCb detector in 2016 is presented. Results
using 13 TeV and 5.02 TeV pp control samples are also shown.
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Fig. 1. Uncorrected inclusive converted photon yields for (left) 13 TeV pp, (center) 8.16 TeV pPb, and (right) 8.16 TeV Pbp data.

2. Analysis

Most reconstructed photons are hadron decay products. The direct photon contribution to the total
photon yield is quantified by the double ratio Rγ = (γinc/γπ0 )data

/
(γdec/γπ0 )MC where γinc is the inclusive

photon yield in data, γdec is the yield of photons from hadron decays in simulation, and γπ0 is the yield
of photons from π0 decays in data in the top ratio and in simulation in the bottom ratio. After correcting
for differences between simulation and data in electromagnetic calorimeter (ECAL) photon reconstruction
efficiency and the fraction of decay photons from π0 decays, this double ratio reduces to γinc/γdec. Any
excess of this double ratio over unity indicates the presence of direct photons. The ALICE collaboration
recently measured the direct photon contribution in 8 and 2.76 TeV pp collisions finding no significant
direct photon signal in agreement with theoretical predictions of a percent level contribution [4].

In this analysis photons converting to e+e− in the detector material are reconstructed using their con-
version products. This offers better momentum resolution than photons reconstructed in the ECAL and
eliminates backgrounds from photon pairs originating from π0 decays reconstructed as a single ECAL clus-
ter. To further improve momentum resolution, only tracks without associated segments in the vertex locator
(VELO) are used. These photons must convert in an average of about 0.37 X0 of material between the
interaction point and the first tracking station [5, 6]. The material budget in this region has an estimated
uncertainty of 6% [5]. In order to avoid detector edge effects, the reconstructed photon fiducial region is
restricted to 2.5 < η < 4.0. The uncorrected converted photon yields are shown in Fig. 1. These converted
photons are combined with photons reconstructed as ECAL clusters in order to construct π0 candidates. The
π0 yield is extracted from a fit to the diphoton mass spectrum. Sample mass distributions are shown in Fig. 2.
Direct photons are surrounded by less hadronic activity than photons from hadron decays. Isolation require-
ments will be imposed in the final analysis in order to increase the relative direct photon fraction. Because
the direct photon contribution reported by the ALICE collaboration is small relative to expected systematic
uncertainties, pp data without any isolation requirement is used as a control sample in this analysis.

The resulting double ratio must be corrected for differences in ECAL photon reconstruction efficiency
between simulation and data. Studies are underway to measure this correction using the ratio of B decays
(B+ → χc1(→ γJ/ψ)K+)/(B+ → J/ψK+). Preliminary results show percent level differences in efficiency
between data and simulation with an uncertainty of 6% dominated by the B+ branching ratio uncertainties
[7]. An additional correction is needed to account for differences between simulation and data in the relative
production rates of π0 and η mesons. This correction can be determined by measuring the η/π0 production
ratio in data and simulation. Because about 95% of decay photons come from π0 and η meson decays,
differences in contributions from other mesons will lead to sub-percent level systematic uncertainties in
Rγ. Both π0 and η meson yields are extracted from fits to the mass spectrum of diphotons consisting of one
converted photon and one ECAL photon. Results are shown for 13 TeV pp in Fig. 3 along with comparisons
to EPOS-LHC [8] and PYTHIA 8 [9]. Because only about 15% of decay photons are from η decays, the
statistical uncertainty in this correction leads to a percent level systematic uncertainty in Rγ.
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Fig. 2. Sample mass distributions of diphoton candidates consisting of one converted photon and one ECAL photon for (left) 13 TeV
pp, (center) 8.16 TeV pPb, (right) and 8.16 TeV Pbp data in the π0 mass region. Fit results are also shown. The total fit is shown as
a solid line, while the combinatoric background is shown as a lightly shaded region. An additional background component resulting
from the combination of a converted photon with a bremsstrahlung photon emitted by one of its conversion products is shown as a
darkly shaded region.
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Fig. 3. (Left) Mass distribution of diphotons consisting of one converted photon and one ECAL photon. The fit components are the
same as those in Fig. 2. (Right) The η/π0 production ratio as a function of meson pT for 13 TeV pp data.

3. Control results

To demonstrate that systematic effects are understood, Rγ is measured in pp control samples with no
isolation criterion applied. Because the largest available simulation sample is 13 TeV pp, this is used as the
denominator in both the 5.02 and 13 TeV double ratios. Simulated candidates are weighted to account for
differences in multiplicity and the underlying meson momentum spectrum. Results are shown for 13 and
5.02 TeV in Fig. 4. Because the 13 TeV simulation sample is used in both results, the effects of reweighting
are smaller in the 13 TeV case than in the 5.02 TeV case. The results are consistent with each other, and
both are consistent with unity to well within the ECAL efficiency uncertainty. This consistency indicates
that these control measurements can be used to further reduce the systematic uncertainty from the ECAL
photon reconstruction efficiency.

4. Summary

The LHCb detector has the ability to measure forward direct photon production, an ideal process for
studying the effects of gluon saturation. Progress towards a measurement of direct photon production in
pPb collisions using the LHCb detector is shown. Control measurements are presented which demonstrate
that systematic effects are well understood.
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Fig. 4. Measured values of Rγ for (left) 13 TeV pp and (right) 5.02 TeV pp data. The red points show the raw value of Rγ, while the
black points show the value after weighting the simulated converted photons to account for differences in event multiplicity and the
underlying meson pT spectra. The shaded region illustrates the 6% ECAL photon reconstruction efficiency uncertainty.
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