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§ When we scatter “deeply” on a 
hadron, how likely are we to strike a 
parton with a given momentum?

§ How many quarks of flavor i carry 
longitudinal momentum fraction x of 
the hadron?
—What about the transverse momentum?

PARTON DISTRIBUTION FUNCTIONS
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§ Production of a pair of leptons in 
hadron+hadron scattering

§ At leading order arises from 
annihilation of 𝒒 and "𝒒

§ ℓ!ℓ"	mass and angle constrain the 
two values of quark momenta
—  Hard scale Q2 (virtuality of produced 𝛾∗) 

from the ℓ"ℓ# invariant mass

DRELL-YAN PROCESS
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§ Drell-Yan is a powerful 
tool for understanding 
parton distribution 
functions!

§ Many hadron colliders 
with many datapoints 
at very high energies

§ But! Some ambiguity 
from colliding two        
a priori unknown 
distributions together

DRELL-YAN PROCESS - PDFS

Mostly Drell-Yan Data
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§ Transverse momentum 
of the lepton pair tells 
you about the 
transverse 
momentum of the 
quarks in the proton!

§ Most of the data in 
existing fits of the 
TMDPDFs is Drell-Yan
— EIC will contribute very 

precise semi-inclusive 
DIS data

§ But can the EIC also 
provide Drell-Yan???

DRELL-YAN PROCESS - TMDPDFS

Drell-Yan Data



PHOTOPRODUCTION
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§Electron beams can be used as a 
source of:
— Real photons (Q = 0), 
— Quasi-real photons (Q ~ 0), 
— Virtual photons (Q > 0)

§Generally, we call it “photoproduction” 
if the photon is real or quasi-real
— In contrast to “electroproduction”, which is used 

when the electron scattering angle is not negligible
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§ Photon is the only gauge boson we have easy access to in the lab

§ At high energy, the photon can act as a source of partons!
—From this, one defines the Photon PDF*

§ Simplest possible PDF, partially perturbatively calculable → can be 
useful to test PDF/TMD frameworks!

PHOTON STRUCTURE?

*Not to be confused with the 
PDF for photons inside of 
protons (which is also called 
the photon PDF…)
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§Photon PDF fits mostly to LEP data, via 
“DIS on the photon” process
—Photon PDF uncertainties are huge!

§ No constraints at all on photon TMDs

PHOTON STRUCTURE- STATE OF THE ART

𝜸
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PHOTOPRODUCTION DRELL-YAN



DRELL-YAN PROCESS
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§ Can reconstruct the Bjorken x of the 𝑞/%𝑞 (at leading order) via: 

— 𝑀ℓℓ is the invariant mass of the lepton pair, 
— The lepton pair rapidity 𝑦ℓℓ is defined in the photon+proton center-of-mass frame

§ So, all we need to reconstruct the Bjorken x of the parton in the photon:
— Invariant mass of the lepton pair (Easy)
— Rapidity of the lepton pair in the 𝛾+p center-of-mass frame (Not so easy)
— Center-of-mass energy of the 𝛾+p collision (Not so easy)



ASIDE: RESOLVED OR DIRECT?
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§“Resolved” photoproduction 
corresponds to the case where 𝑥" < 1
—Drell-Yan is always resolved!

§“Direct” photoproduction has 𝑥" = 1

Direct photoproduction Resolved photoproduction 
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§ EIC is the ideal machine for 
photoproduction Drell-Yan
—High luminosity for a small cross section

—Detector acceptance |η| ≤ 3.5 with 
excellent lepton identification

—Low-Q² tagger provides direct 
measurement of 𝛾𝑝 center-of-mass 
energy

—Highly polarized proton beam
• Enables target-spin asymmetry measurements!

DRELL-YAN AT THE EIC



§ Authors of SHERPA event generator 
recently extended added photoproduction!
—Essentially the only modern general-

purpose event generator that handles 
photoproduction

—Can rigorously calculate 𝛾𝑝 DY cross section 
in pQCD & generate full events

§ Photon PDFs compared
—SAS1M photon PDF: 5.4 pb
—SAS2M photon PDF: 8.1 pb
—50% difference in DY cross section!

§ 𝛾𝑝 Drell-Yan cross section is highly 
sensitive to photon PDF!

PHOTOPRODUCTION IN SHERPA
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LOW Q2 TAGGER

§Detector located in the “far-backward” (electron-going) region
§Photon energy is 1 − 𝐸!"
— Photon kinematics are known when 𝐸!" is reconstructed in Low-Q2 tagger

ePIC 
Central 
Detector
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KINEMATICS
§ To reconstruct Bjorken x, need to 

measure 𝑠#$, 𝑀ℓℓ, and 𝑦ℓℓ

§ Low Q2 tagger gives good resolution on 
the photon energy, crucial to 
reconstruct 𝒔𝜸𝒑

§ Since 𝑀ℓℓ and 𝑦ℓℓ come from tracking of 
only two particles, resolution on 𝒙𝜸 
ends up looking very good!
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LEPTON KINEMATICS



BACKGROUNDS

§Most difficult part of accessing 
Drell-Yan is continuum ℓ&ℓ' 
background
— Just because we see two 

leptons, doesn’t mean it’s 
Drell-Yan!

— No peak to fit, backgrounds 
have to be suppressed the 
hard way

§Biggest roadblock for an 
EIC measurement!

PHENIX p+p Data

Yikes, big 
mess…

Less mess here, but continuum HF 
overlaps DY signal & has identical 
signature…
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BACKGROUNDS
§Major contribution expected 

from semi-leptonic decays 
of open heavy flavor
— I.e., two D-mesons produced from 

a 𝑔 → 𝑐 ̅𝑐, and both D mesons 
decay to one lepton + X

§ In principle the HF 
background can be 
measured + subtracted
— Precise vertexing will help! 

Demonstrated by ALICE

Yikes, big 
mess…

Less mess here, but continuum HF 
overlaps DY signal & has identical 
signature…
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PHENIX p+p Data
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§ Factor ~ 50 suppression of 
open heavy flavor achieved 
in ALICE by cutting out 
displaced vertices!
§ EIC can do better!

BACKGROUNDS



EXPECTED DRELL-YAN SPECTRUM IN EPIC

Expected EIC DY + VM contribution (no open HF!)
§Applied realistic ePIC 

detector resolutions and 
acceptances

§Vector mesons dominate 
certain regions of 𝑀ℓℓ
— How large this region is will 

depend on detector 
resolutions

§ Large range seems 
dominated by Drell-Yan with 
ePIC resolutions
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KINEMATIC REACH
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§ Once we know the proton TMDs well from EIC SIDIS data, 
can tease out the Photon TMDs
—𝑝(ℓℓ	accesses photon ⨂ proton TMDs
—Ideal for testing TMD framework!

PHOTON TMDS

Good statistics and 
resolution on 𝒑𝑻ℓℓ!
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§ First-ever measurement of Drell-Yan in 
photoproduction seems possible at the EIC
—O(105) DY pairs in 100 fb-1 at 10x275 GeV; 
—Can measure multi-differential in 𝑀ℓℓ, 𝑦ℓℓ, 𝑝*ℓℓ
—Different photon PDFs predict factor 2 different cross sections

§ Drell-Yan at the EIC is a promising physics channel to 
elucidate the partonic structure of the photon!

DRELL-YAN IN PHOTOPRODUCTION

Full paper is available: ArXiv:2512.14690 & in PRD
Started out as a curiosity, ended up as a paper! 

Explore your ideas!
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BACKUP



LOW-Q2 TAGGER
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Di-jet 𝑥# resolution
26



§ Leading-neutron “𝜸𝝅” DY
—Leading neutron in ZDC, 𝑥) ≥ 0.8
—~10k DY events in 100 fb⁻¹
— 𝜎*) ∼ 2–3%

§ Kinematic reach
— 𝑠#+ ∼ 7–36 GeV
—Overlaps NA10, E615 π-DY data
—First 𝛾𝜋 DY measurement!
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𝜸𝝅 DRELL-YAN
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§ Interference between Bethe-Heitler and 
direct Drell-Yan can also be utilized
—Similar to BH x DVCS interference

§ Transversity access
—Transverse spin asymmetry ∝ 𝜙# ⋅ ℎ$%   

• 𝜙" is the photon distribution amplitude
• ℎ#$ is the nucleon transversity distribution
—No fragmentation functions needed – 

important cross-check for SIDIS 
measurements

—e⁺e⁻ vs μ⁺μ⁻ comparison useful

INTERFERENCE IN DIRECT 
PHOTOPRODUCTION

Bethe-Heitler Process

Drell-Yan process
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