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Introduction

We propose a new experimental method to probe the photon
parton distribution function inside the proton (photon PDF)
at LHC energies
The method is based on the measurement of dilepton

production from the γp → `+`− + X reaction in

proton�lead collisions

These experimental conditions guarantee clean environment ,
both in terms of reconstruction of the �nal state and in terms
of possible background
We �rstly calculate the cross sections for this process with
collinear photon PDFs , where we identify optimal choice of
the scale, in analogy to deep inelastic scattering kinematics
We then perform calculations including the
transverse-momentum dependence of the probed photon
Finally we estimate rates of the process for the existing LHC
data samples
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Introduction (p + p collisions)

Precise calculations of various electroweak reactions in
pp collisions at the LHC need to account for, on top of the
higher-order corrections, the e�ects of photon-induced
processes.

our contributions (M.�, A. Szczurek, W. Schafer)

production of lepton pairs

M. Luszczak, W. Schafer and A. Szczurek,
Phys.Rev. D93 (2016) 074018

pairs of electroweak bosons

M. Luszczak, A. Szczurek and Ch. Royon,
JHEP 1502 (2015) 098
M. Luszczak, W. Schafer and A. Szczurek,
JHEP 1805 (2018) 064
L. Forthomme, M. Luszczak, W. Schafer and A.

Szczurek, Phys.Lett. B789 (2019) 300-307
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Introduction (p + Pb collisions)

(a) (b) (c)

Schematic graphs for deep inelastic scattering

(a) `±p → `± + X

photon-induced dilepton prodcution, γp → `+`− + X ,

in p + Pb collisions

(b) t-channel lepton exchange
(c) u-channel lepton exchange
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Formalism (Elastic photon �uxes)

elastic photons from the proton

γpel(x,Q
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αem
π
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elastic photon �ux for the nucleus (γPbel )
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F 2
em(Q

2) - formfactor parameterization from the STARlight MC
generator

Fem(Q
2) =

3

(QRA)3

[
sin(QRA)− QRA cos(QRA)

] 1

1+ a2Q2
,

where RA = 1.1A1/3 fm, a = 0.7 fm and Q =
√
Q2.
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Formalism (Collinear-factorization)

photon parton distribution γpinel (x , µ
2) obeys the DGLAP

equation:

dγpinel (x , µ
2)

d logµ2
=
αem
2π

∫ 1

x
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y

[∑
q

Pγ←q(y)q(
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y
, µ2)+Pγ←γ(y)γ

p
inel (
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y
, µ2)

]
,

where q(x , µ2) is the quark PDF, eq is the quark charge,

Pγ←q is the q → γ splitting function, and Pγ←γ corresponds to

the virtual self-energy correction to the photon propagator

p + Pb→ Pb+ `+`− + X production cross section

σ = S2

∫
dxpdxPb

[ (
γpel (xp) + γpinel (xp, µ

2)
)
γPbel (xPb)σγγ→`+`−(xp, xPb)

]
,
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QED parton distributions

MRST-QED parton distributions

QED-corrected evolution equations for the parton distributions of the

proton
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NNPDF2.3 parton distributions

�t to deep-inelastic scattering (DIS) and Drell-Yan data

LUXqed17 parton distributions

integral over proton structure functions F2(x ,Q2) and FL(x ,Q
2)
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Formalism (kT -factorization approach)

unintegrated inelastic photon �ux γpinel (x , ~qT ):

γpinel (x , ~qT ) =
1

x
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virtuality Q2 of the photon depends on the photon transverse
momentum (~q2T ) and the proton remnant mass (MX ):

Q2 =
~q2T + x(M2

X −m2
p) + x2m2

p

(1− x)
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Formalism (kT -factorization approach)

the proton structure functions require the argument

xBj =
Q2

Q2 +M2

X
−m2

p

in practise use the pair F2(xBj,Q
2),FL(xBj,Q

2)

FL(xBj,Q
2) =

(
1+

4x2Bjm
2
p

Q2

)
F2(xBj,Q

2)− 2xBjF1(xBj,Q
2)

FL - the longitudinal structure function of the proton

p + Pb→ Pb+ `+`− + X production cross section

σ = S2

∫
dxpdxPbd~qT

[ (
γpel (xp, ~qT ) + γpinel (xp, ~qT )

)
γPbel (xPb)σγ∗γ→`+`−(xp, xPb, ~qT )

]
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Results with collinear photon-PDFs

Integrated �ducial cross sections for p + Pb→ Pb+ `+`− + X

production at
√
sNN = 8.16 TeV for di�erent collinear photon PDF

sets.
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Results using kT -factorization approach

Integrated �ducial cross sections for inelastic

p + Pb→ Pb+ `+`− + X production at
√
sNN = 8.16 TeV for

di�erent proton structure functions.
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Results with collinear photon-PDFs
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Results with collinear photon-PDFs
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Results using kT -factorization approach
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Results using kT -factorization approach
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Results
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Results

We calculate expected number of events for realistic
assumption on total integrated luminosity. Based on the
previous p + Pb runs at the LHC, we assume∫
Ldt = 200 nb−1.

We also assume possible experimental e�ciencies, mainly due
to trigger and reconstruction of leptons, which we embed in a
single correction factor C = 0.7.
The data should be therefore sensitive to discriminate between
the predictions based on collinear and kT -factorization
approaches, using existing datasets collected by ATLAS and
CMS.
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Conclusions

We propose a method that would allow to test and constrain
the photon parton distribution at LHC energies.
This method is based on the measurement of the cross-section
for the reaction p + Pb→ Pb+ `+`− + X , where the
expected background is small comparing to the analogous
process in pp collisions
Results are shown for di�erent choices of collinear photon
PDFs, and a comparison is made with unintegrated photon
distributions that include non-zero photon transverse
momentum.
Due to the smearing of dilepton transverse momentum
introduced by the kT -factorization approach, these two
approaches lead to the cross sections that di�er by about 30%.
Using simple (realistic) experimental requirements on lepton
kinematics, it is shown that one can expect O(3000) inelastic
events with the existing datasets recorded by ATLAS/CMS at√
sNN = 8.16 TeV for each lepton �avour.
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