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Outline

- Jets in DIS as tool for Quantum tomography in QCD.
- Future prospects at the Electron-lon Collider (EIC).
- An EIC pathfinder program with HERA data.






Goal: measure “projections” of the quantum-phase density
in either position or momentum space (“GPDs” or “TMDs”)
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The EIC, a jet factory, will make the first jets
in hadron-polarized DIS and nuclear DIS
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Why are jets useful?

- Proxies to quark and gluons
- their substructure encodes
rich & useful info




Back-to-back topology in DIS




Electron-jet correlation: A new channel to probe for quark

transverse-momentum distributions (TMDs) and evolution
Liu et al. PRL. 122, 192003, Gutierrez et al. PRL. 121, 162001

“The advantage of the
lepton-jet correlation as
compared to the standard
SIDIS processes is that it does
not involve TMD
fragmentation functions.”
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Spin-orbit correlations lead to azimuthal asymmetries

W electron

Transversely-polarized proton
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Jets have rich substructure, which encodes rich TMD info
such fragmentation, TMD evolution, and access to TMDs
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Hadron-in-jet asymmetries

will yield a wealth of information
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.074015

Jets in charged-current DIS offer complementarity in flavour
sensitivity and chiral structure
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Charm jets as a probe for strangeness
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Our feasibility studies suggest
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that the prospects for constraining

unpolarized nucleon
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strangeness are rather promising in
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Neutrino-jet transverse-spin asymmetry
(Sivers function)
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CC DIS offers complementary channel to NC DIS TMD studies

“‘Neutrino-tagged jets at the EIC”, M. Arratia et al. PRD 107 (2023) 9, 094036
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How to do jet clustering in the Breit Frame (“brick wall frame”)?
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Centauro Jet Algorithm
“Asymmetric jet clustering in deep-inelastic scattering”, M. Arratia et al. PRD 104, 034005 (2021)
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https://inspirehep.net/literature/1802090

Event shapes with Centauro metric
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Figure 1. Two-body phase space for 1-jettiness, 7%kt with jettiness/anti-kr axis (left) and 7¢
with Centauro axis (right). 1-jettiness takes the same expression in first three regions while the
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Jets were featured extensively in EIC detector proposals

ATHENA Collaboration J. Adam et al 2022 JINST 17 P10019
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We can actually explore the feasibility of these measurements and
test the TMD calculations with the unpolarized data taken at HERA

EIC H1@HERA
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Unfolding with Omnifold (via machine-learning).

Nature

Simulation

Detector-level

Step 1:
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Particle-level
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Omnifold allowed us to do
a simultaneous, unbinned
unfolding

in 8D (probably a record)

“This measurement also
represents a milestone in the
use of ML techniques...”

H1 Collaboration, PRL 128 (2022) 13, 132002
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Textbook example of “matching” between collinear and TMD frameworks

First time seen in DIS!
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Follow up analysis: lepton-jet azimuthal modulations

Same data, same unfolding as first lepton-jet paper
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The Damocles Sword

30



Summary

Jets will provide us with an exciting
new tool for the quest of

“Quantum Tomography” at the EIC.
We can do a lot today at HERA
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