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Jets 1n vacuum

In experiment:
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Y. Mehtar-Tanti:
NPA 956 (2016) 168-175

e pQCD and non-pQCD effects at RHIC

. . Salam’ EPJC (2010) 67: 637-686
® To constrain parameters in parton shower models

® Vacuum-baseline for heavy-ion collisions (finite-temperature QCD medium)
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Jet substructure measurement in p+p collisions

SoftDrop jet grooming;:
IRC/Sudakov-safe

Lakoski, Marzani, and Thaler; PRD 91, 111501(R) (2015)

Parton Shower

Declustering jet branching history by removing
soft branch until 1t satisfies this condition:

min (pr;, Pryo)
g = > Zc:ut(Rg/ Rjet)ﬂ

g
Pr1t P12

f=0;
zait = 0.1 — no angular dependence; soft branch at least Courtesy: Raghav Kunnawalkam Elayavalli
10% of total momentum of the pair

Kinematics of each branching:

® Groomed jet radius, R,
® Groomed momentum sharing, Zg
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Vacuum splitting in p+p collisions at \/E = 200 GeV

STAR: PLB 811 (2020) 135846 Groomed jet substructure observables
Groomed momentum sharing (Zg ) Groomed jet radius (Ry)
CELEN B L B L B I i e e e AL B A N L B IR BN B
L p+p Vs =200 GeV P : i p+p Vs =200 GeV E
> % antik R=04Jets | ° —PYTHIAG 7 > [ antik, R=0.4 Jets ' —PYTHIA 6
_g 5__ . R < 1.0 __ ) -« DGLAP Q-jet_; % 5— 15t< P o 20 Gewi —
B 4 X STARdata F %y - PYTHIA 8 Monash ] B gf M*R<1.0 .
Z f I -.-HERWIG 7 EE4C ! Z ]
T a DSys. Uncert. 1 ] T g E
© r I i QL r ]
Z 5 + E < o va .
: """" T ) -— - s '\. X STAR data ) ) 1
: b T £ + 5
T 15< p, ., <20 GeVic T 40< p, <60 GeVic D DSYS- Uncert. } I 40< P, i, < 60 GeVic ]
;-!----!-J?--e----s-.--5-55'1--'-1--’1?'!---.-'-,'--!‘ © P ] L A mmm
% 14¢ t I 8 15F e =
O 12:- " . . =5 ~—ud [ -' -
O Trp ~E T e S .
< o8} - 0.5 -

01 02 03 04 0.5 0.1

02 03 04 05
q Z

g

® 7, follows DGLAP splitting kernel

® Unlike zg, Ry shows a dependence on prjet above 25 GeV/e

® At higher prjec—> narrower substructure with asymmetric splitting in a jet

e STAR-tuned PYTHIA-6 Perugia 2012 describes the jet substructure observables at RHIC

Monika Robotkova’s talk: Today, 17.30
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Jet mass 1n vacuum

p+p collisions 4/s = 200 GeV

STAR, arXiv: 2103.13286 (Accepted by PRD)

® Ungroomed Jet mass: M = | 2 pl.|
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8 ° {---PYTHIABpartonjets  § |*|STAR e Mean and width increase:

2 - PYTHIA-8 SD parton Jets — PYTHIA-6 o - _ _ o
3 i ; e With jet R — inclusion of wide-angle radiation
S .

U .

e With jet pr — increasing radiation phase-space

® M, is smaller than M

Reduction of soft radiations

-9 | ‘.'.§ H

© N

S : wiodf] 4

= S Sl | RO i A =1 e STAR tuned PYTHIA-6 Perugia 2012
M, [GeV/c?] M, [GeV/c?] M, [GeV/c?] well-describes the measurements
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Jets 1n heavy-1on collisions at RHIC: Jet quenching
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Jet quenching and its consequences

Jet virtuality

Q=6E [/ .

Jet transverse
pt-broadening Q% =4L B size

Y. Mehtar-Tani: NPA 956 (2016) 168-175

Simultaneous effect of vacuum shower and medium-induced gluon radiation

Consequences:

e Parton energy loss (high-pt hadron/ jet suppression)

e Large angle radiation (jet radius dependence)

e Modification of parton shower (jet shape and substructure)
e Jet deflection (azimuthal decorrelations)
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Jet program at STAR

STAR Experiment
AurAu /s =200 GeV

Apr 06, 2014 09:22:51 EDT
Run Number: 15096026 Event ID: 2056716

STAR Experiment at the Relativistic Heavy lon Collider
AR 2014-04-1509:30:43 EDT
7, ¥ Au+Au @ Vs = 200 GeV

f \ Run Number / Event ID:15105019 / 204002

Recent heavy-ion jet measurements:
(This talk mainly focuses on)

e Inclusive jet
e Semi-inclusive y+jet and hadron+jet
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Experimental techniques to measure jets in heavy-ion collisions

pp collisions at 200 GeV AuAu collisions at 200 GeV

\

\

\

® In heavy-ion collisions: large uncorrelated soft background

Different techniques used to mitigate and correct

g
/)

p+p — jet + jet Au+Au— X

Semi-inclusive jet measurement
Inclusive jet measurement STAR: PRC 96, 024905 (2017)
. STAR: PRC 102, 054913 (2020) R oo me0s e
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® Unfolding procedure to correct jet pr spectra e [Gevic]

By factorizing heavy-ion background and detector effects
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Inclusive charged-jet suppression at RHIC

AA
R () = |
! < Tap > Y(pr je)PrFythia
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e Strong suppression of inclusive charged-jet yield in central collisions
® Raa shows no jet R dependence

¢ Different theory predictions consistent with the data (within uncertainties)

Full jet Raa measurement afoot in STAR...
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Inclusive charged-jet suppression (RHIC vs. LHC)

)central
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e Strong suppression of inclusive charged-jet yield in central with respect to peripheral collisions
® Rcp shows no jet R dependence
e Similar level of suppression between inclusive charged hadron and jet yield (within the same pr interval)

e Same level of suppression at RHIC and the LHC (although different pr interval)

Full jet Rcp measurement will access higher jet prat RHIC.
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Semi-inclusive y+jet measurement

p+p reterence: PYTHIA-8
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e pr-dependence of suppression is different between theory predictions and data

e A hint of jet R dependence of suppression

Expect improvement in precision with data-taking in Run23-25

Jet-fluid: jet shower + medium response |[Chang, et al., PRC 94 (2016), 024902]

LBT: coupled LBT+hydro
Vitev: Soft Collinear Effective Theory
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Intra-jet broadening in heavy-ion collisions

Yield ratio for R=0.2 to 0.5 and comparison between A+A and p+p

LHC/ALICE measurement Pb+Pb 2.76 TeV

Semi-inclusive y+jet, m0+jet, and h+jet
JHEP 09 (2015) 170
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T,jet jet

1N, N2 /(dpS" dn ) [GeV/c

Parton energy loss: RHIC vs LHC jet measurements

Let us investigate recent measurements of jet yield suppression at RHIC and LHC.
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Charged jet pr-spectrum shift : RHIC vs. LHC

Characterization of average out-of-cone parton energy loss

T T ‘ T T ‘ T 17 ‘ T 17 ‘
= b E 121
g - ydir+jet, R=0.2 N —_RHIC -STAR # LHC-ALICE
_ ) | . Au+Au 200 GeV Pb+Pb 2.76 TeV

& 1 E:I::ii STAR tune 1 O B ¢ R 02
5510 g B 15<E™<20Gev B + R=0.4 :
-gH I § 8— % R=0.5 : *
%‘ 31 i % 5 :_ PYTHIA-6 STAR tune pp reference ;
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= 3 4 . ¢

2 =
Z 10° Q [ ©Oe i B B
" < 2 %

i [ 1 | l A I | ‘ I T ‘ [ [ | [ |' *
5 10 15 20 o o S S
Pl [GeVIC] D" 10-20 GeVie pi" 1020 GeVie | pS 116-25 GeVic | P 10-20 GeVic p*"_ 160100 GeVlc
_o __ STAR Prellmlnary | PRC102 (2020) 054911?RC 96 (2017) 024905|' JHEPO09 (2015) 170
. , v . +jet nO+jet Inclusive jet h+jet h+jet
Another way to quantify jet-quenching: dir
Jet pr shift (ApTJet ) Note:
Initial parton energy loss can also be ® prjet ranges at RHIC and the LHC are different in the plOt
characterized by jet pr shift. ® Only charged-jets are compared here

Indication of smaller in-medium energy loss at RHIC than the LHC
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Ongoing jet measurements in STAR

e Hot-dense QCD medium in Au+Au collisions: Inner workings of QGP

e Full jet reconstruction

e Jet fragmentation function ¢ ¢ ¢
e Jet shape o

e Heavy-flavor jet ® -----

® Large angle deflection

e QCD medium effect in small systems

¢ In RutRu, Zr+Zr, and O+O collisions O

e Cold QCD medium effect in p+Au

Qo ~Aqgcp
Jet virtuality

: .. Q = E0jet / m

¢ Vacuum QCD 1n p+p collisions: = K

Tt

e Jet substructure ‘\< n

* Semi-inclusive h+jet and y+jet partons

hadrons

®* h+jet and y+jet azimuthal decorrelation Y Mehtar-Tani

NPA 956 (2016) 168-175
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Upcoming STAR data taking and jet measurements
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STAR 2023-2025 run plan and physics program

Run plan
2021 2022 2023 2024 2025
ptp
\/s =200 GeV B,
AutA 28 . AU
Completio ppSI0Gey 0 ROl =200 Gev
BES-II [16 Cryo-wecks] N P -
[FXT pro 400 pb-! [28 Cryo-weeks] ptAu 31 pb-!
| 31 pb! Sun = 200 GeV
1.3 pb!
I STAR forward detectors upgrade >

It includes Hot-QCD and Cold-QCD STAR programs.
¢ Hot-QCD program: Study the microstructure of the QGP

Precision jet and heavy-flavor measurements
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Kinematic coverage
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Future projection for Run23+25 HI and Run24 p+p

y+jet precision measurement Large-angle deflection
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pt+p jet substructure observables to study vacuum shower and baseline for heavy-ion measurements

Summary and outlook

STAR experiment recent measurements:

e STAR tuned PYTHIA-6 Perugia 2012 well-describes the data

e Help to constrain other Monte Carlo models at RHIC energies

Jet quenching in heavy-ion collisions

e Strong suppression of inclusive jet and semi-inclusive y+jet and h+jet

e A hint of R dependence of suppression in case of y+jet and h+jet (PYTHIA-8 reference)

measurements, but not in inclusive jet (PYTHIA-6 reference)

Upcoming year 2023-2025 data taking

To study inner working of QGP with precision and large kinematic coverage

p+p data: baseline for heavy-ion jet measurement
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