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Introduction and Experiment

STAR Time Projection Chamber (TPC) provides
excellent charged track reconstruction

Advanced jet algorithms allow for detailed
study of jet substructure

Leverage these tools to learn about how
partons are confined into hadrons 2/13



How to Probe Hadronization

Jets!

T|me

[

Jets are found in this study using the
anti-k; algorithm

Look at time evolution of jet
* Hadrons at larger angular distance
(AR) from each other are more
likely to be related by splits earlier

in time
1 Apolindrio, L., Cordeiro, A. &
tf ~ 57 Zapp, K. Eur. Phys. J. C 81, 561
AR (2021).

Many other methods used to probe
this rely on clustering algorithms
* What if we want to use a method

without additional algorithms? 3/13


https://doi.org/10.1140/epjc/s10052-021-09346-8

Energy Energy Correlators (EEC) .. aryr ey

Use all final state particles, and examine how energy is distributed as a function
of their separation
Allows for study of jet evolution using final state particles as they are, no

additional clustering after jet-finding — Direct connection to theory

e Can be described with perturbative calculations  Chen, Moult, Zhang and Zhu
Phys. Rev. D 102, 054012 (2020)
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https://link.aps.org/doi/10.1103/PhysRevD.102.054012
https://link.aps.org/doi/10.1103/PhysRevD.102.054012
https://link.aps.org/doi/10.1103/PhysRevD.102.054012

Experimental Measure of EEC

e Create a multiplicity histogram of the AR between all
combinations of charged track pairs

e \Weight each entry by the energy product of the two
constituents
e Infrared and Collinear safe

e Normalize the distribution to unity in order to directly
compare the shape

EiEj
Normalized EEC = 1 N\ 2vets 22 pp 102
ormalize = BT TS

2jets z:iij(IDT Jet)?
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Relate to Jet Evolution

Behavior at small AR corresponds to a
random distribution of hadrons, while
behavior at large AR is influenced by
fragmentation — study transition
region

Each region is characterized by its
scaling behavior

Energy-Energy Correlators make a
direct connection with theory!

Large AR

Komiske, Moult, Thaler and Zhu
arXiv:2201.07800 (2022)
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Move to Lower Jet pr (at STAR)
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* Lower jet p7 causes transition region to occur at larger angles
* Less time spent traveling before hadronization
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Move to Lower Jet p7 (at STAR)
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PYTHIA Simulations of Jet p+ Dependence

O B
ko
10 A:E.i.gifﬂ:'iﬁ* * The flat “Quark and Gluon
g ¢ e s on” ider wi
S F S -~ region” grows wider with
g T B Parameters e INcreasing pr
= 4o LA PYTHIA 6 .
o .- e _ e
Z 10° 5 s = 200 Gev * Transition region moves
r —a— R=04 — g
-t [Mjecl<0.6 = to smaller opening angle
- Constituent pr > 0.2 GeV/c | . . .
- Charged tracks only with hlgher]et Pr
10° & —e— 15< Jet py< 20 GeV/c
-~ —=— 20 < Jet p;<30 GeV/c
- —+ 30< Jet pp< 50 GeV/c 4
_I | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | 1 ¢
-3.5 =3 2.5 -2 -1.5 -1 -0.5



-~ 15<Jetpr <20 GeV/c + * The flat “Quark and Gluon
012l = 20<Jetpr <30 GeV/c —— . . .
e e 30 < Jetpp <50 GeV/c .. T region” grows wider with
~ —
- higher jet
01—
- ~§~;;;ﬁ*i§~ - &
L e e — . .
0081 4~ e * Transition region (area
- ;_’4
= g
008 N oaramators - around peak of curve) |
- .. o=, PYTHAS moves to smaller opening
0.04|— ¢ V's = 200 GeV 4 ) ) )
- . R=0.4 angle with higher jet pr
- '_Tq'_*_'._.__._. |Tl]et|< 0.6 e
0.02— t s Constituent p; > 0.2 GeV/c "™~
;’ -l—l—‘—t~ | l Cha;rged trackslonly | ‘—*—'H::
0 -3.5 -3 2.5 -2 -15 -1 -0.5
In(AR)

10/13



Tracking Efficiency Effects
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As a test to detector effects,
assume 80% tracking
efficiency for charged
particles

Shape of EEC has minimal
change with p7 -independent
tracking efficiency

Do pr-dependent efficiency
and shift in jet pr make a
difference?
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Conclusions

e EEC is an exciting observable with growing interest

e Examines jet substructure and probes behavior of jet during both
fragmentation and hadronization

e PYTHIA 6 simulation shows a dependence on jet pr
e Detector effects do not have large effect on measurement

e First measurement in p+p /s = 200 GeV in progress in STAR
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Jet Constituent Behavior
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