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Part 1 - Overview of Meson and Nucleon Structure
Measurements at the EIC



Imaging Hadrons

Examining structure → Imaging Hadrons
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Selection of EIC Channels

Range of measurements to access these quantities

As well as other information!

Some selected channels and what they can access:

Inclusive DIS → Proton Structure Functions
DVCS in ep → Chiral even GPDs
DVMP(π0) → Chiral odd GPDs

Quark Orbital Angular Momentum (OAM)

DVMP(J/ψ) → Gluon GPDs
Diffractive ϕ production in eAu → Saturation
Spectator Tagging in e3He → Neutron spin dependent
Structure Function, gn

1
Sullivan Process → Meson Structure

More on this in part 2!

This is not an exhaustive list! Many other channels and
measurements to be made!
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Inclusive DIS at the EIC

Measure Neutral Current Deep Inelastic Scattering (NC-DIS)
σ at the EIC

e + p → e′ + X

Extract structure functions, FL, F2, xF3 from σ

From polarised ep collisions, access
A1
p too

Double spin asymmetry → Quark
spin dynamics within the proton

Projected ep NCDIS σ with errors

SFs are vital inputs to PDF fits to
data
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DVCS on ep at the EIC

Deeply Virtual Compton Scattering, DVCS
e + p → e′ + p′ + γ

Access chiral even GPDs

One of the “cleanest” channels to
access GPDs

Access to GPDs is via Compton
Form Factors (CFFs)

Need to isolate interference from
Bethe-Heitler (BH) and signal

Clean reconstruction of γ

Reconstruct momentum transfer, −t
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DVπ0P at the EIC

Deeply Virtual π0 Production, DVπ0P
e + p → e′ + p′ + π0

Access chiral odd GPDs

Single target spin asymmetry
measurements → Sensitive to Quark
Orbital Angular Momentum

Reconstruct momentum transfer, −t

Access to spatial imaging → Fourier
transform of differential cross section

DVπ0P also important to study as
background to DVCS
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DVJ/ψP

Deeply Virtual J/ψ Production, DVJ/ψP
e + p → e′ + p′ + J/ψ, J/ψ → e+e−

Sensitivity to gluon GPDs

Spatial distributions of gluons within
protons

Cleanly reconstruct J/ψ through
invariant mass of e+e− pair

Again, access to spatial dists through
FT of dσ/dt

µ+µ− decay branch of J/ψ also
under investigation
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Diffractive ϕ Production from eAu

Coherent ϕ production from eAu collisions

e + Au → e′ + Au′ + ϕ

Spatial imaging of gluons in nuclei

Insights into saturation

|t| dists form diffractive pattern

Use innovative |t|-reconstruction
method

Need to suppress incoherent BG

Again, FT of t dist to get spatial
profile of gluon density

Stephen JD Kay University of York 30/04/26 8 / 22
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An
1 and g n

1 from e3He

Double spectator tagging of e3He → neutron structure

Identify en events via tagging of both spectator protons

Access gn
1 , neutron spin dependent

structure function through
measurements of An

1

An
1 → Double spin asymmetry,

polarised 3He

Spin distribution and composition
within the neutron

Projected results and and statistical
uncertainty for gn

1
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Brief Comments

Many of the studies shown showcase what can be achieved in
the “Early Science” period of the EIC

First ∼5 years of running!

As such, they offer an early showcase of what can be achieved

∫
L = 5 fb−1 assumed in many plots as shown

As mentioned, this is not an exhaustive list

Many more studies in progress!

Some need further work to demonstrate potential impact
E.g. DVCS, preparing asymmetry pseudodata

Nonetheless, showcases that ePIC can measure these channels

So far, we’ve seen what can be done for nucleon structure,
but what about meson structure?
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Part 2 - Meson Structure with the Sullivan Process
at the EIC, Fπ



Why Meson Structure - Hadron Mass Budgets

Only the portion in red is directly from the Higgs current
Multiple mechanisms at play to give hadrons their mass

Mass generation mechanisms intricately connected to structure

The simple qq̄ valence structure of mesons makes them
an excellent testing ground

How can we examine their structure?

Image - G. Huber, modified figure from https://doi.org/10.1088/1361-6471/abf5c3
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The Sullivan Process

Can use the Sullivan process to study
meson structure

Scattering from nucleon-meson
fluctuations
π/K SF: quark-gluon momentum
fractions
π/K FF: how EHM manifests in the
wave function

Can measure this as Tagged DIS

Measure π/K structure functions
See Tanja’s talk for further details

OR, if X is restricted to a single π or
K , have Deep Exclusive Meson
Production (DEMP)

Access to meson form factors
Fπ and FK

Stephen JD Kay University of York 30/04/26 12 / 22
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Quantifying Meson Structure - Meson Form Factors

Charged pion (π±) and kaon (K±) form factors (Fπ, FK ) are
key QCD observables

Momentum space distributions of partons within hadrons

Meson wave function can be split into ϕsoftπ (k < k0) and
ϕhardπ , the hard tail

Can treat ϕhardπ in pQCD, cannot with ϕsoftπ

Form factor is the overlap between the two tails (right figure)

Fπ and FK of special interest in hadron structure studies

π - Lightest QCD quark system, simple
K - Another simple system, contains strange quark
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Measurement of Fπ at High Q2

To access Fπ at high Q2, must measure Fπ indirectly
Use the “pion cloud” of the proton via p(e, e′π+n)

At small −t, the pion pole process dominates σL

In the Born term model, F 2
π appears as -

dσL
dt

∝ −tQ2

(t −m2
π)

g2
πNN (t)F

2
π (Q

2, t)

We do not use the Born term model

Drawbacks of this technique -

Isolating σL experimentally challenging
Theoretical uncertainty in Fπ extraction

Model dependent
(smaller dependency at low -t)

At a collider, isolate dσL/dt from dσuns/dt, using a model

Measure Sullivan Deep Exclusive Meson Production (DEMP)
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Ingredients for Sullivan DEMP

Sullivan DEMP as a process is fairly self descriptive!

Consider the p(e, e ′π+n) reaction

e scatters from p (π+ cloud), exchanging γ∗

e ′, π+ and n final state

Can also measure n(e, e ′π−p) in e + D

Kaon DEMP, π+ → K+ and n → Λ0

p(e, e′K+Λ0)
p(e, e′K+Σ0)

Hyperons decay!

So just need e + p or e + D collisions
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Simulating Events - DEMPgen

DEMPgen - Deep Exclusive Meson
Production event generator

DEMPgen uses parameterised
Regge-based models

Fixed target (JLab) and colliding beams
(EIC) modes

Feed in an input .json file

Specify conditions
Beam energies, number of events etc

Several reactions available

p(e, e′π+n)
p(e, e′K+Λ)
...

Further details in recent paper

Stephen JD Kay University of York 30/04/26 16 / 22
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DEMP Kinematics - Visualising with ePIC

e ′ and π+ hit the central detector

n very forward focused, ZDC

Modified from https://wiki.bnl.gov/EPIC/images/5/5e/Epic072023.pngStephen JD Kay University of York 30/04/26 17 / 22
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e ′ and π+ hit the central detector
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DEMP Analysis Overview - Event Selection Cuts

Need to select out e ′, π+, n triple coincidence events
To begin, require that simultaneously we have -

One negatively charged track in the −z direction (the e′)

“ElectronFinder” equivalent cuts applied

One positively charged track in the +z direction (π+)
A high energy reconstructed neutron in the ZDC

En > 40 GeV
θ∗n < 4 mrad

Calculate Q2, cut on 5 < Q2
DA < 35 GeV2

Calculate remaining kinematic quantities and apply cuts:

0 < −teXBABE < 1.4 GeV2, W > 0 GeV and yDA > 0.01
Using the tRECO convention for -t reconstruction methods

Apply final exclusivity cuts

Missing mass, ∆θ∗ and ∆ϕ∗ cuts

Cut on 18 <
∑

(E − Pz) < 22 GeV
Full analysis code on on GitHub, details in Analysis Note
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Missing mass, ∆θ∗ and ∆ϕ∗ cuts

Cut on 18 <
∑

(E − Pz) < 22 GeV
Full analysis code on on GitHub, details in Analysis Note

En > 120 GeV for 10x250, θ∗ is after a rotation of 25 mRad around the proton axis to remove the crossing angle
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Kinematic Reconstruction - −t

Can reconstruct −t in multiple ways (see tRECO document)

“Best” way for DEMP is → −teXBABE = (p⃗ − n⃗Corr )
2

Exploit exclusive nature of the reaction, generic
implementation available in code here
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Kinematic Reconstruction - −t

Can reconstruct −t in multiple ways (see tRECO document)
“Best” way for DEMP is → −teXBABE = (p⃗ − n⃗Corr )

2

Exploit exclusive nature of the reaction, generic
implementation available in code here

−teXBABE correlates well
with truth

Far better than methods
using uncorrected neutron
track (tBABE ) and methods
utilising electron information
(teX ) and electron PT

(teXPT ) info

Again, true for absolute
difference too

σ(eXBABE) = 11.03, σ(BABE) = 42.67, σ(eXBE) = 43.26, σ(eXPT ) = 83.92. All e′π+n triple coincidence
events
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Kinematic Reconstruction - −t

Can reconstruct −t in multiple ways (see tRECO document)
“Best” way for DEMP is → −teXBABE = (p⃗ − n⃗Corr )

2

Exploit exclusive nature of the reaction, generic
implementation available in code here

−teXBABE correlates well
with truth

Cut on
−teXBABE < 0.45 GeV2

For form factor extraction,
want lowest −t bins

Note, events only generated to −t 0.4 GeV2
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DEMP Analysis Results - Q2,−t Binning

After applying cuts, bin in Q2 and −t
−t bins 0.02 GeV 2 wide
Q2 bins 1 GeV 2 wide

Rebin if stats low or bin migration an issue

From rate per bin, extrapolate to number of events with∫
L = 5 fb−1, project to Fπ

Stephen JD Kay University of York 30/04/26 20 / 22
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Stephen JD Kay University of York 30/04/26 20 / 22



DEMP Analysis Results - Q2,−t Binning

After applying cuts, bin in Q2 and −t
−t bins 0.02 GeV 2 wide
Q2 bins 1 GeV 2 wide
Rebin if stats low or bin migration an issue

From rate per bin, extrapolate to number of events with∫
L = 5 fb−1, project to Fπ

Stephen JD Kay University of York 30/04/26 20 / 22



Fπ Early EIC Outlook

How do things look for first ∼5 years of EIC running?

Further details in Analysis Note, epic-AN-AC-2026-02

ePIC → Fπ to high Q2

Error bars represent real
projected error bars

Inner bar - statistical
Outer bar - systematic
δR = R, R = σL/σT
R = 0.013− 014 at
lowest −t from VR model

Much finer Q2 binning now!

Early science
∫
L, looks promising!

How high in Q2 will be possible?

When do statistical limitations bite?

Stephen JD Kay University of York 30/04/26 21 / 22
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Summary and Outlook

A wide range of nucleon structure measurements enabled by
the ePIC detector at the EIC

A range of different channels to access GPDs

DVCS
DVπ0P
DVJ/ψP
...

Also insights into structure functions and saturation

eAuϕ
Spectator tagged e3He
Inclusive DIS

Sullivan process at the EIC→ Meson Structure

Propsects for Fπ measurements to high Q2 look promising

Even in the early science period
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Thanks for listening, any questions?

With thanks to the Meson Structure Working Group

stephen.kay@york.ac.uk
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