
Measurements of as and QCD universality at 
EIC + HERA (+ LHC + RHIC?)
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EIC YR: strong emphasis on “applied QCD” (or perhaps “emergent QCD”)
Less emphasis on “basic QCD” (or “fundamental QCD”?) – see next slides for definition



“Basic QCD” I: running of as
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PDG 2020

Can next-generation event 
shape measurements of in DIS 
at HERA and EIC provide 
new constraints at moderate 
Q2?



“Basic QCD” II: SCET factorization
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SCET: Hard, Jet (and sometimes Soft) functions are “universal”
• Same functions apply to different processes in DIS (evt shapes; jet mass)
• Same (or calculably related) functions apply in pp (g/Z+jet → jet mass)

Can we test the claim of universality experimentally at EIC/HERA + LHC/RHIC?



Reminder: N-Jettiness in DIS Kang et. al., 
Phys.Rev.D88:054004 (2013) 

𝜏N → 0 = perfectly collimated jets
𝜏N → 1 = spherically distributed event
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Global event shape measuring collimation of event along jet and beam directions
• Do jet reco; select N hardest jets in event
• N+1 axes q: beam + N jets
• For each hadron i: 4-vec projection onto each axis; select minimum q.p

1-jettiness

Choices of jet direction
Breit frame

𝜏1a
𝜏1b

q: jet reco q: kinematic balance



1-jettiness: theory
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C. Lee et al., EIC YR
SCET factorization:

Universal fns:
H: hard
J: jet
B: beam
S: soft

Universal NP factor 𝜴𝜏1b



1-jettiness theory projections: N3LL resummed
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C. Lee et al., EIC Yellow Report

Theory uncertainty in (x,Q) Theory uncertainty components 
(x=0.05,Q=50)

N3LL scale variations and PDF uncert; similar in magnitiude to 1% uncertainty in as

Sets goal for experimental precision: 
~2-3% exp sys uncert provides ~1% constraint on as

So now let’s look at EIC experimental capabilities… 

𝜏1b



EIC YR study: as measurement projections
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Iterative Bayesian unfolding
• variation in unfolded distr

for each systematic source

Largest variations due to ECal
and HCal
• Track-based measurement 

may be competitive

EIC Yellow Report message: 
• exp uncert ~ few %
• in the ballpark of what is 

needed for competitive 
constraint of as 👍
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Groomed event shapes in DIS

10

disk area ~ particle energy
green: survives grooming

PYTHIA 8 events
√s=63 GeV, Q~10 GeV

Y. Makris arXiv:2101.02708

Groom entire DIS event: decluster the event in the order that it was 
clustered, stop once condition is met

Breit frame
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Centauro clustering metric:

high zi low zi



Groomed event shapes (cont’d)
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Calculate event shape only with particles that survive grooming

Groomed Invariant Mass  (GIM) Groomed 1-Jettiness 

• 150 < Q2 < 20000
• .2 < y < .7
• -1.5 < η < 2.75
• 03-04 Data set, ~50k events passing cuts
• Grooming collimates event, less 

susceptible to acceptance losses 

H1 analysis status (H. Klest/SBU et al.):

Django: diffractive https://inspirehep.net/literature/372027
Rapgap: dipole https://inspirehep.net/literature/363265

Groomed mass and groomed 1-
jettiness in DIS:
• analysis in progress
• good agreement of models (det-

level) with data
• next step: unfolding (omnifold)

Detector-level 
simulations



Universality in Event Shapes I
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arxiv:1209.3782



Universality in Event Shapes II
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arxiv:1303.6952



Testing universality in DIS
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Y. Makris and C. Lee
• Work in Breit frame
• Run a jet finder (Centauro) 
• Select events with only one jet in the current hemisphere
• Calculate two objects:

• t1 from particles in jet
• z-distribution from all other particles



Factorization in Breit frame
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Y. Makris and C. Lee

V=vector
A=axial

leptonic hadronic

soft jet

hard beam



Soft function universality
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Universal NP shift

QCD matrix element
Prefactor

Remarkably simple and general prediction
Can test via Q-dependence, jet R-dependence



Soft matrix element: discussion
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Expectation value of product of light-like 
Wilson lines: fundamental object in QCD

Calculable on the lattice? 
• Technical barrier: lattice calculates only space-like paths
• Similar issue as lattice calculation of pdfs: forefront of lattice QCD
• TBD: discuss with lattice theorists

Alternative?

arxiv:2102.05044



Universality tests: next steps for experiment
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Continue H1 analysis, bring to publication

Evaluate for EIC: 
• Detector requirements?
• Analysis/computational requirements? E.g. omnifold

Connection to LHC:
• p+p → g/Z + 1 jet (exclusive); measure jet mass
• ATLAS/CMS may be possible
• ALICE needs some thought

Connection to RHIC
• p+p → g + 1 jet (exclusive); measure jet mass
• STAR? sPHENIX?



Extra slides
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Compare EIC and HERA
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