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ÇOverview of EIC goals and jet / HF probes

ÇSelect Jet and HF measurements (Yellow Report)

ÇImplications for MCEG needs

ÇSummary
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Biases and Caveats 
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ÇThere is of course much I need to leave out
üSaturation
üDiffraction
üBeam Effect Simulation

ÇThe results shown and discussion revolve mostly around PYTHIA as this is the MCEG that has been 
most heavily used in the YR / Proposals / EPIC work so far. We of course need to make an effort to 
incorporate other general purpose MCEGs and hopefully this can begin once the EPIC core software 
stabilizes and analyses for the pre-TDR have begun.

ÇAs always, any mistakes or misrepresentations are on me
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The EIC Physics Pillars 
How are the sea quarks and gluons, and their spins, distributed in 
space and momentum inside the nucleon? 

How do the nucleon properties emerge from them and their 
interactions?

How does a dense nuclear environment affect the quarks and gluons, 
their correlations, and their interactions?

What happens to the gluon density in nuclei? Does it saturate at high 
energy, giving rise to a gluonic matter with universal properties in all 
nuclei, even the proton?

How do color-charged quarks and gluons, and colorless jets, interact 
with a nuclear medium?

How do the confined hadronic states emerge from these quarks and 
gluons? 

How do the quark-gluon interactions create nuclear binding?

?
=
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Why Look at Jets / HF? 

Ç Jets are comprised of the same particles used in traditional SIDIS (or 
diffractive) analyses ςwhat benefits arise from forming a jet? ςWhy 
explicitly reconstruct HF?

Ç Jets represent the kinematics of the underlying partonbetter than single 
particle observables

Ç Jet showers probe QCD from hard interaction to hadronization scale within 
the same event ςcan explore dynamics at different time (angular) scales 
and trace evolution of shower. Precision tools exist to probe shower 
evolution

Ç Heavy flavor arises predominantly from a single subprocess (PGF) which is 
complimentary to (semi) inclusive DIS

Ç Larger mass scale will affect hadronization and propagation of heavy 
quarks in the nuclear medium 
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Jet Kinematics 

Ç Bulk of jets produced at the EIC will 
be low energy / low pT

Ç Pushing to analyze the lowest 
energy jets will provide access to 
the lowest x values, which will be 
important for spin structure and 
saturation studies

Ç In addition to being relatively low 
energy, jets will be quite broad and 
have few particles

Ç Must ensure theory and MC can 
make robust predictions for low 
energy jets and hadronization 
models can handle low multiplicity 
jets
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EICUG Yellow Report Effort (Physics) 

The EIC Users Group: EICUG.ORG
Report:https://arxiv.org/abs/2103.05419

Explore measurements needed for new and existing physics 
topics and quantify implications for detector requirements 

(Physics Group)

Study detector concepts based on requirements defined by 
the Physics Group and quantify impacts on physics 

measurements (Detector Group) 

Physics Working Group: 

Inclusive Reactions

Semi-Inclusive Reactions

Jets, Heavy Quarks

Exclusive Reactions

Diffractive Reactions & Tagging

Detector Working Group:

Tracking + Vertexing
Particle ID
Calorimetry
DAQ/Electronics
Polarimetry/Ancillary Detectors
Central Detector: Integration & 
Magnet
Far- Forward Detector & IR 
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Jets and HF in the Yellow Report 

The EIC Measurements and Studies

ÇGlobal properties and partonstructure of 
hadrons
üUnpolarized partonstructure of the proton 

and neutron
üSpin structure of the proton and neutron
ü Inclusive and hard diffraction
üGlobal event shapes and the strong coupling 

constant

ÇMulti-dimensional imaging of nucleons, nuclei 
and mesons
ü Imaging of quarks and gluons in momentum 

space
üWigner functions
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ÇThe nucleus: a laboratory for QCD
üHigh partondensities and saturation
üParticle propagation in matter and transport 

properties
üSpecial opportunities with jets and heavy 

quarks

ÇUnderstanding hadronization
üHadronization in the vacuum
üHadronization in the nuclear environment
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Longitudinal Spin Structure with Jets / HF 
Ç Recent results on inclusive jet ALLat NLO and NNLO both 

with and without tagged lepton

Ç NLO formalism for HF production from polarized DIS also 
recently developed

Ç Feasibility studies for dijet ALLin the Breit frame and D0 ALL

have been preformed and show ability to constrain ɲG

Borsa, de Florian, Pedron`20
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(Polarized) Photon Structure 

Ç At low Q2, virtual photon can behave 
hadronically and initiate 2->2 type 
scattering events

Ç Results in a quark/anti-quark final 
state with high transverse 
momentum

Ç Dijet allows to reconstruct event 
characteristics to separate signal and 
background and characterize the 
structure of the photon
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Charm Jet Tagging for Strangeness 

Ç Tension exists between neutrino DIS and SIDIS measurements of strange 
content and LHC extractions

Ç EIC is sensitive to strange content via charm production in charged-current 
DIS

Ç Charm is tagged within a jet via the presence of displaced tracks ςgood 
charm efficiency is seen, and methods are being refined

Ç Charm jet measurements at EIC should be able to discriminate between 
low and high strangeness scenarios

Arratia, Furletova, Hobbs, Olness, Sekula `20
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Global Event Shapes 

Ç Global event shapes offer possibility of very high precision 
measurements for extractions of non-perturbative parameters such 
as the strong coupling constant

Ç Feasibility study of 1-jettiness measurement was carried out for the 
YR effort with total 2-4% statistical and systematic error ςbetter if 
using only charged tracks

Ç At N3LL, roughly 1% precision is possible, challenging experimental 
problem, but recent studies show promise
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