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Theoretical Overview

Parton distribution functions (PDFs) =f(x,�2
F )= momentum distribution of

the quarks and gluons within a hadron.
In collinear factorization,
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d �̂ = Partonic cross section, calculable within perturbation theory.
The partonic cross section can be expanded as:
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* LO = Leading order, NLO = Next-to-leading order and so on.
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Nuclear PDFs

Parton-distribution functions (PDFs): essential link between hadronic cross sections and
partonic cross sections

Challenging situation for PDFs of nucleons inside nuclei (nPDFs)!

nPDFs give information on:

The nuclear structure ;

The initial state of relativistic heavy-ion collisions.

nPDFs cannot be computed and similarly to the proton PDFs are fit to experimental data. Only
evolution is perturbative

Nuclear Modification Factors:
For rare/hard probes [�probe

NN << �inel
NN ]

�probe
AB = A� B � �probe

NN [Each probe is produced independently]

We can define Nuclear Modification Factors as,

RAB =
�AB

AB�pp

RpA =
�pA

1� A� �pp
RpA � 1 : No nuclear effects
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Introduction to MadGraph5_aMC@NLO

It's an automated matrix
element generator.

It can support a huge
class of particle physics
models.

The program can
calculate amplitudes at
the tree and one loop
levels for arbitrary
processes.

Initially, MadGraph5_aMC@NLO(MG5aMC) was developed for symmetric collisions.

Missing: asymmetric collisions at next-to-leading (NLO)!
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Electron�proton collisions

Electron-proton processes are traditionally classi�ed according to the
virtuality (Q2) of the photon i.e four-momentum transfer to the photon
from the electron (incoming outgoing),
Q2= -q 2 = -(k-k') 2

I) Photoproduction :
Photon is nearly on mass shell.

Q2 � mH

II) Deep-Inelastic-scattering (DIS):
Photon is o� mass shell.

Q2 >> mH
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Photoproduction at LHC

Ultra peripheral collisions

b > RA + RB

Photon induced

Inclusive Photoproduction

Hard �nal state gluon

Resolved vs. direct contribution

Probe gluon PDF
Photoproduction is simpler than hadroproduction should be easier to extract PDFs.

Photon PDF is not well known

UPC @ LHC
p

s
 p � 1 TeV vs. HERA
p

s
 p � 0.2 TeV

Future study @ EIC has the advantage of reduced resolved contributions.
HF 2022, K.lynch
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Validation of LO Results with FMNR

PDF = CTEQ6M

Good agreement from Charm and Beauty Quark photoproduction!
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Validation of NLO result with FMNR program

Perfect agreement (direct contribution)!
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