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Two-point energy correlator

> IRC safe, energy weighted cross section
> Ajet substructure observable, in the collinear limit
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>  Measured so far in
m  e"e experiments, measurement of a
[OPAL Coll., Phys. Lett. B 276, 547-564]
m  CMS open data, no detector effects
[P. Komiske, I. Moult, J. Thaler, H-X. Zhu]
m  ALICE and STAR p+p

[HARD PROBES 2023]
m  Many ongoing studies




EEC in ALICE p+p collisions
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Two-point energy correlator

>  Probes medium interactions as a function of scale

m  Higher R < earlier splitting
m Differentiates hadronic and partonic regions

m  Sensitive to virtuality, formation time of parton shower, effective path length

m  Onset of modification probes size of the medium
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EECs with Cold Nuclear Matter

[C. Andres, F. Dominguez, R.K. Elayavalli, J.

>  Motivated by heavy ion QGP EEC study Holguin, C, Marquet, I. Moult]

>  Now we want to study in cold nuclear matter how the EEC distribution is
modified and whether system size is imprinted

> EEC provides “common language from hot to cold nuclear matter”

o)

>  EIC well-suited to study cold nuclear matter
m  New and clean environment to apply EEC techniques
m  First high-energy e+A collisions an a variety of nuclei A
m  Wide acceptance and high luminosity
m  Larger jet radii possible [EIC Yellow Report]
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| Collision Species and Energies Supported by the EIC | ('J:téy
Nuclei species A e-+A Beam Energies (GeV) e . ‘
proton 18 on 275 10 on 100 5 on 100 5 on 41 oo pure eredt:
deuterium / 3He / *He 18 on 110 10 on 110 5 on 41
C/*%Ca / Cu 18 on 110 10 on 110 5 on 41
Au 18 on 110 10 on 110 5 08,41




Simulating EIC

with eHIJING

Beams: e/p,p/A
Large = (n)PDF

>  eHIJING simulates nuclear-modified jet evolution

(A

@I—IIJING

Remnants

T —\
Hadronization via

Fragmentation

APyl < Qs

in DIS events
m  PYTHIAS for initial interaction

Medium modifications for shower:
e p,broadening via multiple collisions
e Medium-induced parton splitting

m  Benchmarked against HERMES fixed-target

[W. Ke, Y. He, X-N. Wang, H-X. Xing, Y. Zhang
arXiv:2304.10779]

>  EIC settings

m 10 GeV electron beam, 100 GeV hadron beam
m  4E8 events, ~1 year (107 fb) luminosity

m  e+p baseline

m Jetreco: anti-kT, R=1



EEC @ EIC

> e+Au and e+p EEC, for several ¢ settings (controlled by K parameter)
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Jet p. dependence

> Relative Difference of e+Au and e+p EEC —e_a.nﬂ Enem Enem :
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>  Effective path length determined by
1) Formation time of splitting
2) Nucleus size ...



Nuclear size dependence

> e+A compared wrt e+p for many target species 9 1 i 1
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Three-point energy correlator

C

EEC: a function of scale E3C: a function of shape "o .
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EEC used to find interesting scales R, then E3C used to study shape dependence (&, ¢)

Encodes 1—3 splitting function, “Non gaussianities” (not fully in eHIJING yet)
Higher point correlators = higher moments of energy distribution
Projected correlator done on CMS open data and is being analyzed in other LHC experiments



E3C @ EIC (preliminary)

I ing R
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d m Motivates higher point analytical investigations in cold matter and QGP




Summary

EEC & E3C together form cohesive imaging technique of energy flow within jets

> EEC measures modification as function of scale — identify scales of interest

> E3C measures modification as function of shape — characterize fluctuations, interactions in jet

EIC will be new, clean environment for energy correlator techniques

m  High precision, high luminosity, very low background
m  Variety of new nuclei collision species

m  Correlators sensitive the nuclear medium effects, nuclear size

>  Motivates study of higher point correlators in hot and cold nuclear matter






EEC in ALICE p+p collisions

Clear separation between hadronic and partonic regions

Transition region corresponds to confinement region

= Onsetoccurs when virtuality ~ pr Rz, ~ O(Aqcp)

m  Scales with jet pT
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eHIJING

()
>  eHIJING simulates jet evolution in DIS events from nuclear =
e ) v HIJING
modification effects _
m Initial interaction modeled by PYTHIAS [W. Ke, Y. He, X-N. Wang, H-X. Xing, Y. Zhang]

m  EPPS16 nPDF input, isospin effects, EMC, (anti-)shadowing effects
m  Parton shower experiences medium modifications:

e p,broadening via multiple collisions with small x gluons

e  Parton splitting included

e  Hadronization

ghat and K have relationship
m  hatis a nonlinear function of K, x;, Q?
m K=2to10 =» ghat = 0.063 to 0.172
GeV2/fm, at xB = 0.1 and Q2 =1GeV2
m  K=4 benchmarked by HERMES
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Modification observed in EEC

1<n<35
5 < pr <10 GeV

-1<9<1
5 < pr <10 GeV

-35<n< -1
0.100}+ 5 < pr <10 GeV
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>  Modification visible in e+A compared to e+p at s ol
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Weight power comparison

weight power

nen / Pr,iPT, /
(ENE™) Z/dR (T J:) §(R}, — Ry

>  EEC with different weight powers n

> n < 1enhances medium-induced soft
radiation

> n=0.5 used since more clearly
differentiates nuclei species and jet p.,
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EEC @ EIC modification
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EEC @ EIC modification

> E3Cfore+p, e+C, e+Au for broad R, range
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