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Experimental access to GPDs
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Kinematic coverage DIS experiments
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Current DVCS data at colliders:
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GPDs and deeply virtual Compton scattering (DVCS)
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GPDs and deeply virtual Compton scattering (DVCS)

W

/ N\

P P

DVCS Bethe-Heitler

2 2
do = |ty |” + | Tpyes|™ + TpvesTpy + ThyesTBH



GPDs and deeply virtual Compton scattering (DVCS)
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DVCS: pioneering

measurements
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DVCS off the proton: CLAS12
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DVCS off the proton: CLAS12

Beam-spin asymmetry
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DVCS off the proton: CLAS12

Beam-spin asymmetry Longitudinal target-spin asymmetry
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DVCS off the proton: Hall A and C

Hall A, Phys. Rev. Lett. 128 (2022) 25, 252002
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Beam-spin asymmetry

» Measurement with 3 beam energies
« Separation of BH, DVCS and interference terms
- Simultaneous extraction of all 4 chiral-even CFFs



DVCS off the proton: Hall A and C
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Beam-spin asymmetry

* Measurement with 3 beam energies
« Separation of BH, DVCS and interferenc
- Simultaneous extraction of all 4 chiral-e
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DVCS off the neutron: CLAS12

First time detection of
active neutron

Beam-spin asymmetry

CLAS Phys. Rev. Lett. 133 (2024)211903
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DVCS off the neutron: CLAS12

Beam-spin asymmetry
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DVCS off the proton: COMPASS
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Exclusive vector-meson production

Access to GPDs
H E

12



Exclusive vector-meson production

Access to GPDs
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Exclusive pO production : SDMEs

Unpolarised proton target

longitudinally polarised lepton
beam
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Exclusive pO production : SDMEs

Unpolarised proton target
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Exclusive @ production : SDMEs

Unpolarised proton target

longitudinally polarised lepton
beam
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e
Exclusive ¢ production : SDMEs "
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Exclusive J/y production : SDMEs
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Exclusive 7" production

Access to transversity GPDs
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Exclusive 7" production

COMPASS, Phys. Lett. B (2025) 139832
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Upcoming DIS experiments probing GPDs

o Jefferson Lab:

» ALERT at CLAS (analysis ongoing): DVCS and meson production on 4He: spin-0 target — only 1 GPD

> Addition of neutral spectrometer at Hall C: DVCS, exclusive 7" off proton (analysis ongoing)

» Transverse target at CLAS approved (~4 years) — access to GPD £
> Double DVCS at CLAS approved (~5-6 years) and at Hall A with SoLID (C1 approved)

— access to GPDs at x # &
> Additional proposals:

> Positron beam at Jefferson Lab — access to Re# through beam-charge asymmetry
» Upgrade to JLab at 22 GeV

 EIC



Ultra-peripheral hadron-hadron collisions

pp: ambiguity in ID of photon emitter pPPDb: use Z2 dependence of photon flux
— PDb is predominantly photon emitter

PbPb: probing nuclear GPDs
Ambiguity in ID of probed ion
can be lifted with ZDCs

18



Exclusive processes at the LHC: kinematic coverage

UPC LHC

* hard scale of the interaction:
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Figure adapted from Jordan Lang | Quarkonia as Tools 2026 | 6 January 2026
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Exclusive processes at the LHC: kinematic coverage

UPC LHC

* hard scale of the interaction:
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Experimental signature

P(A)

close to beam line

rapidity gap

In detector

rapidity gap

close to beam line




J/W photoproduction cross section off the proton at the LHC
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Y photoproduction cross section
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Fixed target at LHCDb
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Fixed target at LHCDb
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Fixed target at LHCDb
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Ultraperipheral PbPb collisions

What object are we probing?

Incoherent/Breakup

do/dt
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Ultraperipheral PbPb collisions

What object are we probing?

coherent scattering

Incoherent/Breakup

do/dt

Coherent/Elastic

Coherent interaction: interaction with target as a whole.
~ target remains in same quantum state.
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Ultraperipheral PbPb collisions

What object are we probing?

coherent scattering

iIncoherent scattering

! Incoherent/ Breakup ---------
T £
S
T
- Coherent/Elastic
Coherent interaction: interaction with target as a whole. - “
~ target remains in same quantum state. -
Incoherent interaction: interaction with constituents inside target |
~ target does not remain in same quantum state. Eo b b b b Db B b e
: .y : : t4 to i3 s
EX.: target dissociation, excitation It
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Experimentally important points

» Good separation of coherent and incoherent production: not easy!

Incoherent/Breakup

do/dt

Coherent/Elastic
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Experimentally important points

» Good separation of coherent and incoherent production: not easy!

» Coherent production: measurements up to large t:
3D or 2D (x independent) transverse position

x b1 A
dA; GPD(z,0,A ) e *"+24
0

Experimentally limited by maximum transverse momentum.
Need to extend pr range as much as possible in measurement.
~third diffractive minimum.

Incoherent/Breakup

do/dt

Coherent/Elastic
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t4 s 1] i3 7]
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Disentangling the ambiguity on the ID of the y emitter

detector
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Disentangling the ambiguity on the ID of the y emitter
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Disentangling the ambiguity on the ID of the y emitter

ff N
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Disentangling the ambiguity on the ID of the y emitter

-~

Photon flux N, 4(E,)is function of impact parameter:

enhanced for large E, at small impact parameter.
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Disentangling the ambiguity on the ID of the y emitter
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Photon flux N, 4(E,)is function of impact parameter:
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Disentangling the ambiguity on the ID of the y emitter

Photon flux N, 4(E,)is function of impact parameter:

enhanced for large E, at small impact parameter.

Small impact parameter, b =—®higher probability for exciting («1/b2) ——p higher probability to emit neutrons.
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Disentangling the ambiguity on the ID of the y emitter

Photon flux N, 4(E,)is function of impact parameter:

enhanced for large E, at small impact parameter.

Small impact parameter, b =—®higher probability for exciting («1/b2) ——p higher probability to emit neutrons.
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CMS central detector and the (far-)forward region

muon detectors

Cherenkov hadron Cherenkov hadron
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Zero-degree 5.0<n<-3.0 — / 3.0<n<5.0
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CMS central detector and the (far-)forward region
Cherenkov hadron
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Disentangling the ambiguity on the ID of the y emitter
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Disentangling the ambiguity on the ID of the y emitter
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measured computed computed
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Disentangling the ambiguity on the ID of the y emitter

computed

measured computed
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CMS: yPb cross section, energy dependence

o(y Pb — Jhy Pb) (mb)
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CMS: yPb cross section, energy dependence

CMS Pb-Pb 1.52 nb™' (5.02 TeV)
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Coherent J/y production in PbPb collisions at the LHC

ATLAS, JHEP04(2026)020
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Results indicate significant nuclear shadowing
See also:

Preliminary results ALICE at 4 /sy 5.36 TeV
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Coherent J/y production in PbPb collisions at the LHC

Scaling of the data to 4 /syy = 5.02 TeV
with STARIight

TN
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Coherent J/y production in PbPb collisions at the LHC

1

do / dy [mb]

See also:
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Summary

* Valence region at Jefferson Lab: full GPD programme at high precision to extract chiral-even and chiral-odd GPDs
using polarised electron beam and unpolarised, longitudinally and transversely polarised proton targets
as well as light nuclei.

e Sea-quarks at COMPASS: measurements of DVCS and hard exclusive meson production off unpolarised proton
are ongoing.

 Sea-quarks and gluons at the EIC: full GPD programme, at unrivalled precision down to xs=10-4, using polarised
electron beam and polarised nucleons as well as entire series of unpolarised nuclei.

« LHC:
> Spin-independent, highest-energy measurements with proton and lead ions:
test of universality of GPDs and access to lowest region in xg, down to 10-6.
> Fixed target with proton and noble gasses for high-xg region. Plans for transversely polarised target.
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