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® QCD allows photon to exhibit a hadronic structure due to quantum fluctuations
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® \Well controlled parametrization when photon appears as an active, partonic constituent of the proton.

» Not so for “resolved” photon’s parton contents



® QCD factorization is the cornerstone that connects hadronic scattering measurements into quantitative information
on the quark and gluon structure of matter.
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® Test of QCD factorization "breaking” (or lack of understanding of resolved photon structure)

ep — e+2jets+X+Y
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® Critically important for EIC and constraining gluon PDF [Chu, Aschenauer, Lee 2017]

® Experiments are only able to probe the structure of quasi-real or virtual photons,
extrapolating to real-photon structure involves significant complications and systematic uncertainties



® LQOCD calculation of moment

® Using LSZ reduction formula
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X. Ji, C. Jung [PRL 2001, PRD 2001]

»  (YV(EN)OO)|v(kX) = — lim [ dzdiye FO=DE20|Te*(N) - A(z) O(0) e(\) - A(y)|0) k"

kb kot

® Evaluate electromagnetic part of the Green’s function in the lowest-order perturbation theory and write

the matrix element

ENIOO(RN) = —€ [ dbad'ye 0= (X) 0T 1, (£)0(0)Ju (1) 0)e (A

» Minkowski space correlation function

® Our goal is to calculate quasi-PDF matrix elements associated with the photon’s hadronic structure

» Quasi-PDF formalism

X. Ji [PRL 2013]
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® Quasi-PDF hadronic matrix element with a photon state

14(2) = (@I Oz 0)exp (— e [ A0d,) (D)

Of(2,0) = 2(2) 47 (2) 7+ U(2,0) 45 (0)

® Including both QCD and QED

> he(zp.) — Z Z #(@-9) (T A, (T, 3)O(z, 0) exp(—iqfe/OZAu( \dt, )A,\( T, ) exp(—z’e/AM(a:)J#(m)d‘la:))

® After integrating out QED part:
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» Calculable on the lattice



® RBC/UKQCD domain wall fermion

Ensemble-1: 163 X 32 (a ~ (.12 fm)
Ensemble-2; 32° x 64 (a ~ 0.063 fm)
Ensemble-3: 32° x 64 (a ~ 0.088 fm)

® Light- and strange-quark propagators already generated by the RBC and UKQCD collaborations with
O(1,000) randomly chosen point sources per configuration

® -~50 configurations per ensemble

® m,; ~ 450 — 330MeV

Qlattice: https://github.com/jinluchang/Qlattice




® Different diagrams

»  The incoming photon converts through .J1 into a QCD eigenstate In).
A The operator acts between hadronic states and the second current converts
the hadronic state back into the outgoing photon.
a) by
P The operator first acts on the vacuum sector. Subsequent electromagnetic interactions
%@h %M generate and then remove the hadronic component associated with the photon.
c) d)

» The incoming photon interacts twice before the operator insertion. At the time when
the operator acts, the state can contain a QCD excitation and/or a photon-hadron mixture
generated by the two electromagnetic interactions.
e) f)



® Ensemble-3: 32° x 64 (a ~ 0.088 fm)
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® Recall

h(z) = ;( ie)Z/d4a:/d4

Matrix element
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®  Matrix element
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® One can do better

® Preliminary fit to matrix elements:

323 x 64 (a ~ 0.063 fm)

® Sum over fitted matrix elements

® Renormalization:

® Perturbative matching
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Ratio-renormalization [Radyushkin 2017]
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& self renormalization [Ji, et. al. NPB 2021]

® PDF extraction using generative ML (earlier/ongoing examples: gluon helicity PDF, reconstruction of spectral function
from hadronic tensor)



https://arxiv.org/abs/2409.17234
https://arxiv.org/abs/2311.04206

® First LQCD determination of the resolved photon’s hadronic structure is in progress

» QCD allows photon to exhibit a hadronic structure due to quantum fluctuations

» EIC will have the unique opportunity to explore (un)polarized photon’s structure
(essential but hard!)

» Can we investigate it on the lattice? - Yes, clear advantage over phenomenology and
experiment

» Preliminary data indicates existence of nonzero PDF

Thank you!
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dole + A — € +2jets + X) = Z/dy/d:m/dfowe(y) X fa/,y(x,y,ILLQ)fb/A(LIZ‘A,/LQ)da'(CLb — jets)

where f, /.(y) is the photon flux of the electron with y being the momentum

fraction carried by the photon; f,/-(x,, 1?) are the photon PDFs in the
resolved-photon case, which depend on the parton-in-photon momentum
fraction x, and the scale p; f,/4(7a4, 1?) are nuclear PDFs depending on
the parton momentum fraction x4 and the scale u; dé(ab — jets) is the
cross section of hard scattering of partons a and b into jets.



