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Outline

Recoil jet study in Au+Au collisions exploring

Part 1. Jet suppression with different triggers
Part 2. Jet acoplanarity with different triggers

Part 3. Outlook on jet study in smaller collision systems

2023/3/30 Yang He ({7#%), Hard Probe 2023, Mar. 26-31, 2023, Aschaffenburg 2



Probing QGP through jet-medium interaction

Jet: a collimated spray of hadrons produced by energetic quark or gluon

Jet production calculable in QCD

Parton energy loss in medium Consequences of parton-medium interaction
C e o * Jetenergy loss
E . « Acoplanarity
fae | EE * Substructure modifiication
X_ Out-of-cone radiation
(medium)
collisional energy loss  radiative energy loss v 7

In-cone radiation
Jet broadening

Jet energy loss (yield suppression) and jet acoplanarity (excess jet yield away from
back-to-back) can be studied using semi-inclusive recoil jet
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Y4i./T0+jet to study jet energy loss

Hadron Trigger Y dir Trigger

* Direct-photon (y;,) triggers are of great
interest as they constrain the scattering
kinematics

* Comparison between y 4 +jet and m%+jet
q/g fraction; path length dependence; spectrum shape

Adapted from
Renk, PRC 88, 054902 (2013)

4 )

Trigger-normalized yield of jets recoiling from a Jet quenching observable
high p; trigger hadron Isa<1 quantifies jet energy loss
1 d3 Njﬁf 1 d3gAA-h+jet+X YAuAu
NAE dp. dApdrie; - <0AA*h+X'dp%}etdA¢dnjet> Ipp = VP

K PTtrig DT trig /
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STAR detector and dataset

MTD|TOF| BEMC|TPC | Magnet| upVPD |BBC|EEMC|  Time Projection Chamber (TPC)

N charged particles ( |n] < 1, full azimuth)
Barrel Electromagnetic Calorimeter (BEMC)

trigger on energetic y;/m°

X Barrel Shower Maximum Detector (BSMD)
" discriminates y;,/m° based on transverse shower profile
Au+Au (2014) and p+p (2009) at Vs, = 200 GeV et BSMID
BEMC trigger (EX°Vé" = 6 GeV) s o— '
Charged particles: | n | <1 : (
Ru+Ru and Zr+Zr (2018) at Vs, = 200 GeV piateateates Wf,:; )‘ljy/
Charged particles: | n | <1 Lo i

i‘li Back plane Front plane
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Analysis procedure of recoil jet yield

Discriminati f U lated back q Correction for detector
|scr|m|7;:|on 0 Recoil jet yield ncorrelated backgroun and heavy-ion background
Y dir

subtraction effects (Using unfolding)

Transverse Shower Profile (TSP):
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Analysis procedure of recoil jet yield

anti-kg algorithm
|njet| <1- Rjet
|¢trig - (.bjetl < 7T/4

Discriminati f U lated back q Correction for detector
iscrimination o Recoil jet yield R T2 E LGRS, and heavy-ion background
Yair/ T° subtraction

effects (Using unfolding)

Transverse Shower Profile (TSP):

l; et
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Eqjuster - Cluster energy
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Analysis procedure of recoil jet yield

anti-kg algorithm
|njet| <1- Rjet
|¢trig - (.bjetl < 7T/4

Correction for detector
and heavy-ion background
effects (Using unfolding)

Discrimination of Recoil iet vield N Uncorrelated background
Yair/ T° Jety subtraction

Transverse Shower Profile (TSP): Mixed-Event(ME) approach
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p+p V's =200 GeV
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Analysis procedure of recoil jet yield

Mixed-Event(ME) approach All ME tracks are fully uncorrelated to estimate

combinatorial jet background
Mixed Event Generation for Jets
. J jet yield = Same Event - fM£ * Mixed Event

(fME: normalization factor extracted from data)
Mix only similar N ——
centrality (8), ¥y (4), =10 TAR P

T T S LS O T S S Sy

e
<E;°<11GeV [SE]

-9

o (%) - AR T 2| I
z-vertex position (20) %) ’0.. Au+Au 200 GeV, 0-159 i E"ig S 4H GaYTSE] R=05
' " o 1 e anti-k;, R=0.2 T
Pick one random , Sample-fro.m refal = ey 4 ét 0 i EtTng <20 GeV [SE] o
track per real event event distribution C;_, 10~ * & !rich s
— add to mixed

event

Real events

Courtesy of A. Schmah

reco,ch
pTviet [GeV/c]
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Analysis procedure of recoil jet yield

anti-kg algorithm
|njet| <1- Rjet
|¢trig - (.bjetl < 7T/4

Unfold measured to true jet
population

Correction for detector
effects and heavy-ion
background(Using unfolding)

Discrimination of Recoil iet vield ) Uncorrelated background
Yair/ T° Jety subtraction

Transverse Shower Profile (TSP): Mixed-Event(ME) approach Mapping from “truth” to “measured”
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- 1.5 5 - My, 1 E antik;, R=0.5
e:r Q 004 5 - 351
A z i
g 0.027 ; *F 7:‘?"
a ] S b 2
Eqjuster - Cluster energy L T , : > F 3
) . L L B L R AL o F ,
ri : distance of the SMD strips § v e =200 G & *F =
0.04 = S5 2
from the center of cluster a 'éams‘— g
> F L o
e; : individual SMD strip 5 ool ] oF : a
Qa E ‘
ener 3 1 E
4 o Lo o . J 51—
% 0.2 0.4 06 08 1 -
TSP T T T T '
p'Te;i*c“ [GeVic]
Small TSP Values Large TSP Values

2023/3/30 Yang He (fi74#%), Hard Probe 2023, Mar. 26-31, 2023, Aschaffenburg 10



Semi-inclusive recoil jet spectra

Trigger E;: 770 +jet
m°: [9, 11], [11, 15] GeV T
i STAR Preliminary | i
Y dir- [9, 11], [11, 15], [15, 20] GeV T . 1ot
Statistical errors: dark band i T
3 107 3 10°F
Systematic uncertainty (light band) is ik |5
. RN o N
dominated by: £ B Au+Au (0-15%) ] -IF - Au+Au 200 GeV (0-15%) \ \
B . ] - y +et R=0.5 \ N
- n+jet R=0.5 - dir g N
Unfolding procedure 104 B 9 <& <11 Gov E 107} g 1< £ <15 Gov N
gp F B 11 <E<15GeV ] - -15<E£ig<20Gev \\ ]
) o : — - PYTHIA-8 Monash tune : I — - PYTHIA-8 Monash tune \\—
TraCkIng EffICIency 10—50\ L w\5w R ST \5\ L \2I0\ 10—50\ L \é\ PRI R R R R \5\ L \2|0\

10 1 10 1
h ch
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Direct photon purity
Dashed line: PYTHIA-8 (MONASH tune)
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Nuclear modification factor I,

YAuAu
laa = ypp °l R=0.2 11<E<15GeV | °l R=05  11<E"<15GeV
1t 3 1 -
< E ] < E \_'\
_< 03} M << 03}
0.2t — 0.2r 1
0.1k = 0+jet Y, +Jet - 0.1F -
0_06|||||||||||||||||||||_ 0.0g|||||||||||||||||||||
2;— 15 < " < 20 GeV | 15 <E;° <20 GeV _
< - = <
=X 4 —<C0.3}
0.2f = 0.2+ .
OOG—IIII|||||||||||||||||: 006E 1l v v v v v v v v v v b g 1
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* Recoil jet yield is more suppressed for R=0.2 than R=0.5 indicating jet energy redistribution
* Ygtiet and mO+jet show similar level of suppresssion
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Recoil jet yield dependence on jet R

T T T T T T [ T T T T [ T T T T T
. === n%+jet Au+Au (0-15%), 11 <E "< 15GeV -
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STAR Preliminary
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LTI T T T T T T T T ¢ RO0205< 1 in p+p collisions due to jet radial
B y+jet Au+Au (0-15%):15<ET <20 GeV . .
S | profile in vacuum
SR >l : e 9R0-2/05s smaller in Au+Au than in p+p
i T —~_—— ] indicating in-medium broadening of jet
shower
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Semi-inclusive y 4 /m%+jet azimuthal correlation

Acoplanarity: recoil jet deflected from Vdir/ﬂo axis Contributions to the azimuthal de-correlation
In vacuum: Sudakov radiation
Ap = (ptrig - ¢jet

In medium: multiple soft scattering (pT broadening)
scattering off QGP quasi-particles

Dijet Angular Correlation at RHIC

I 1 I I I I

6 |— ¢L=0GeV?
: : : : e [ | L =8GeV?
Trigger-jet azimuthal correlation distributions I L = 20GeV?
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¥ +jet azimuthal correlation in p+p collisions
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PYTHIA-8 (MONASH tune) is consistent with p+p data
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Y i/ TP+jet azimuthal correlation in Au+Au collisions

E'9 = [11,15] GeV/c
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Evidence for medium-induced acoplanarity in the QGP for R = 0.5 jets
Jet deflection in the medium? Medium response? ...
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Similar Ry, suppression at comparable <N, >

energy density drives the quenching, rather than
the collision geometry

How about jets?

Talk: Tristan Protzman (Mar. 29th, 15:00)
Poster: Isaac Mooney (HMHC-8)
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Jet quenching comparison for different collision systems:

gain further insights into parton energy loss dependence on
initial energy density vs. collision geometry
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Ongoing measurement...
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Summary
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| STAR Preliminary

f‘ [ | ‘ [ | [ | ‘ [ | ‘ =
F ‘ L I L I L I T T I B
y+jet Au+Au (0-15%): 15 < E_~ <20 GeV
Eo N (M. =
\\\~.?\\\
e Rl
—_~—
‘ L1 || ‘ L1 || ‘ L1 || ‘ I ‘ I
5 10 15 20 25

h
p?jet [GeV/c]

* Au+Au

SE/ME

/r+/r
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|, are consistent between y 4 +jet and m%+jet
R0-2/05 demonstrate intra-jet broadening
* h+jet study in Zr+Zr and Ru+Ru is ongoing
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A¢ distributions of y 4, /ml+jet in Au+Au:
observed excess of jet yield away from
back-to-back

Jet scattering?

Medium response?

Yang He ({7]#%), Hard Probe 2023, Mar. 26-31, 2023, Aschaffenburg 19



