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Jet quenching at RHIC

RHIC early measurements

Au+Au - 200 GeV (central collisions): STAR: PRL 91, 072304 (2003 )
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e Suppression of inclusive charged/neutral hadrons at high-pr
e No suppression of vector-bosons (y, whereas W and Z at the LHC)

e Away-side jet suppression
Indication of hot-dense QCD medium (QGP)
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RHIC scientific mission

REACHING FOR THE HORIZON

Two central goals:

1) Probe the inner workings of QGP by
resolving its properties at shorter and
shorter length scales

LONG RANGE PLAN .
for NUCLEAR SCIENCE 2) Map the phase diagram of QCD
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Jet probes for the Quark-Gluon Plasma

RHIC Jet Probes

LHC Jet Probe
QGP Influence

Resolution [1/fm]

® Underlying mechanisms of jet-quenching
at RHIC energy

® Microscopic structure of the QGP as a
function of the resolution scale

NSAC 2015 LRP

Rep Jet geometry engineering
Jet v,

Quark/gluon jet et QueHChing

Zg

Dijet _Y*iet

Jet+hadron correlation
Large angle deflection

Some perceptive inquiries on jet quenching:
* Quantitative evaluation of parton energy loss
* Redistribution of lost energy inside the medium
« RHIC vs. LHC [reduction of jet-medium coupling o]
« Jet quenching in a small system
* Modification of jet shape inside QGP
» Large angle deflection of recoil jet in QGP
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v+jet in heavy-ion collisions

2.5 T T T | T [ T [ T |
325<p; <37.5GeV, R=03 |

v + jet

— —  Central Pb+Pb, s"?=2.76 TeV ]|
Central Au+Au, s"2 =200 GeV |

g = 1:8-2.2

No nuclear effects
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[Dai et al., PRL 110, 142001]

¢ v does not interact strongly in QGP — recoil jet 1s a “tomographic probe”
However, NLO effects generate pr-imbalance; calculable
e Comparison of y+jet at RHIC and the LHC: a valuable tool to explore jet quenching

e Comparison between y+jet and n0+jet

q/g recoil jets and vary recoil mean path length
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Jet-like y+hadron and n0+hadron correlations measurements

[STAR, PLB 760 (2016) 689]

STAR: jet-like correlation measurement

" Away-Side  Au+Au 200 GeV (0-12%) = -
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Lost energy reappears predominantly at
low transverse momentum, regardless of
trigger energy
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Jet-like y+hadron and n0+hadron correlations measurements
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[STAR, PLB 760 (2016) 689] Theoretical development (CoLBT-hydro)
W. Chen et al., PLB 777 (2018) 86-90
STAR: jet-like correlation measurement Jet transport and jet-induced medium excitation in
. CoLBT—hydro 51mu1at10ns L
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= Zr = —0 . . . .
AT YPHR(zy) b Depletion of soft hadrons in y direction
— Diffusion wake left behind by the jet in QGP
Lost energy reappears predominantly at Data can be well reproducible by this model
low transverse momentum, regardless of
trigger energy

A differential measurement by reconstructing recoil jet 1s needed to understand jet quenching.
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v+jet measurement in STAR

STAR Experiment

AutAu \/ENN =200 GeV

Apr 06,2014 09:22:51 EDT

Run Number: 15096026 Event ID: 2056716

Y +jet event
Et:17.6 GeV
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Experimental challenges for y+jet measurement

Two major challenges:
¢ Discrimination of y/n0 trigger events

e Uncorrelated jets
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Experimental challenges for y+jet measurement

Two major challenges:

¢ Discrimination of y/n0 trigger events

HT trigger to select y/n% events using BEMC (L2gamma)

BEMC and BSMD:
» BEMC BEMC Module Better n-¢ spatial Jet-like A correlation measurement
N cssdt resolution
- Barrel Tower 12 < yErtrig < 20 GeV
[STAR, PLB 760 (2016) 689]
s ope B ggesly o ] '—
Shower "\ Away-Side  Au+Au 200 GeV (0-12%) '
e Maximum 14: ------ Qin[y _-h'] "y K 4
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Nucl. Instrum. Meth. A499 (2003) 725-739. b 2.816cm——p '1 . 2 ] -§< — ZOWW[Yd"-h"] ® 0p .
n \ —— ZOWW[r%h] — Renk[y -, p‘r"9= 9-12 GeV/c]
Smaller TSP value ~ Larger TSP value 1£ \ 12 < ptTrig <20 GeV/c ® p***° > 1.2 GeV/c B
< 0 sk ]
| |§Y| 5 08:+ \ :
70 All h . 0 6__‘ ... N ]
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-~ F rich developed in STAR 0.4F—_ % +\ ~ . + ]
= | . . - - e — » - — — — -
Transverse Shower £ o0.06- rich 2: 2 e ¢ e [ .=+<—_
Profile (TSP) S N STAR Preliminary 0. - Jf -
. . . =  0.04— .
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TS (E. /Y ret) Besides, we can also trigger YET 20 GeV
) but it needs some R&D
TSP = cluster Eclustfar: Cluster energy . | | |
= —Z 5 ri : distance of the SMD strips from the center of cluster e v dominates over 0 at high Eqtrig (> ~15 GeV)
i ;€ ei : individual SMD strip energies
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Experimental challenges for y+jet measurement

Two major challenges:

e Uncorrelated jets Semi-inclusive h+jet: Unbiased

procedure to select recoil jet
STAR, PRC 96 no. 2, (2017) 024905

T

Uncorrelated Background: Mixed Events = AurAu @ 200 GeV, 0%-10% -

Mixed event S 1t 7 Ag >0.05, R =02, antik

o = ' ri E

S 0} - 9.0 <p.°<30.0 GeV/c -

/ \ ::;xu(;myyvﬂ :ﬂ 1 0‘1 = * “55, *same event (SE)_E

'\ z-vertex position =2 SR e --mixed event (ME)]

Pick one random oy / O 10°2 R B ~norm. region |

track per real event g X'/ A et = = * ﬁ,* E

— add to mixed S . 3

event LQ-'_ 3 i *"i& (a) il

s 107 i’ ) =

% E V¥ _ -

2 104L : L R Signal + Bg. h

%G = ‘- 5

/ g - —f— 3

Procedu1jes are ZE 1075 s Bg .

developed in STAR = 7 .‘ i e

by Reslevens g e

* 10"k * E

. . w 10°F * 1

Same Event (SE): Signal + Uncorrelated jet S ek & J

. . « ; X K= + --- m———

Mixed Event (ME): Uncorrelated jet 10F & o T

. 1 | deaaciiAbAAMNOC -5 -4 -3 ]

Both have the same background energy density £ g 4103
prTefe‘:’Ch [GeV/c]

Need to subtract normalized ME uncorrelated jet spectrum from that of SE
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Experimental challenges for y+jet measurement

Two major challenges:
Solved

¢ Discrimination of y/n0 trigger events

e Uncorrelated jets
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Experimental challenges for y+jet measurement

Two major challenges:
Solved

¢ Discrimination of y/n0 trigger events

e Uncorrelated jets

Main contributions to systematic uncertainties

Other corrections: e Instrumentation effects [Unfolding]
Event-by-event correction *  Direct photon purity
o
e Uncorrelated background energy density (p) g 35F Aurhu 200 GoV [year 2014), 0%-15%
& - ° +10 Uncertainty
reco,ch — raw,ch __ . § 30
Prje. = Prje — P XA = .
. P . S 250
p = median{ } ;5 A:Area of the jet & -
jet -8 20+
3 - .
g B
Ensemble-level correction 8 gt bl
® 10 12 14 16 18 20

e Jet Energy Scale (JES) smearing correction: Unfolding Er° [GeV]

. ) ) e 0 .
e TFactorize instrumentation and background fluctuation effects ® Yricn = Yair + 70 decays photons;

Ydir purity — 65-88% between
EI"¢:9-20 GeV

e Unfolding: SVD; iterative Bayesian

® 70%ch :~95% pure

Statistical and unfolding precisions are acutely related . Egig bins in this measurement:

9-11, 11-15, 15-20 GeV
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Trigger Events

v and n0 trigger event statistics

100X10°

Au+Au 200 GeV
Year 2014 AutAu 4 /syn = 200 GeV
e high-pr Lumi. 9.9 nb-!

e We also have roughly the same statistics
from 2016

=911 11-15 15-20
trig
EM [GeV]

e vy Er> 20 GeV — 1.4k events [not analyzed]

e (Certainly, it can be measured with higher luma.
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A A R SR R T R Yain et -
o n 1r+ t — NS E
s - R0z 1 8 ol RS
10 .. 1 T, b TR 1 Two versions of PYTHIA:
5 2E e i 0 200 GeV e .
5 102F T, 1 Sasqgel "rEOC ]
§ = 5 p+p 200 GeV T 7 9_8_':10 a”ti'kT;ngR:o's S ® PYTHIAS Tune 4C
< 107 antik;, R=0.2 .. 3 < 10 4E o< Fr <00 o
B g <E[®<20Ge T, ] Z - Vgrtet .
S0 marmm a4 p 107~ Pmmermesacmawe 4 @ PYTHIAG Perugia 2012 STAR tune:
ST AT L S validation by STAR p+p data
L0 T [STAR, Phys. Rev. D 100, 052005 (2019)]
| S ﬁ I %
2 05; —E 0'5;_ \ \ \ \ _;

e 0 5 10 15 20 25

D7 etaevis) Pl [GeVic]

T,jet ’

v+jet measurement: p+p reference

vdir tj€t and m0+jet p+p reference (ongoing)
o STAR data: insufficient statistical precision for this analysis at present

® Year-2009 with 26 pb-! (ongoing and will be finalized soon)

® Proposed plan for 2024 p+p run: 235 pb-! (huge impact on our p+p baseline)
o Use PYTHIA validated by STAR measurements

Both references to illustrate the differences
For yair Hyet:

e R=0.2: negligible differences

e R=0.5: 10-40% differences

Nihar Sahoo (SDU)
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Semi-inclusive yrichtjet pr spectra in heavy-ion collisions

Combinatorial jets in ME

vy + jetin a SE

'

a N — p;ejC;’Ch>O: yield dependent of Efig
5 10|;r STAR Preliminary R ,

> 2 Mo Au+Au 200 GeV, 0-159 (recoil jets dominate)

S?, 155 H!b anti'kT R=0.2 ET T T T [ T T 11 [T T llﬂ#_. T T T [T T 7 3

P R 0 3 ; o (iii) °

5 : ® E - _
& 107°F E&-ﬁ Signal + Bg. = 10 E
S = - - _‘904}% . Si 1+B C .

% 10°F | ;3200%@, 4 1gna g N i

= 45 eo0 ¥ Brtrie 15-20 GeV Bg. 1 - fanegt®®e . -
N.Q‘IO EE a:@f Ertig :11-15 GeV - ’ ]
291 O—Sé_ '_ f Eqtrig: 9-11GeV (oA v v v by v v v by v by g 3 ]
S8 T B é 10 [0 10 20 30
107 e pre_co’c [GeV/c]

-10 0 10h 20 30 Tjet
reco,C
Pl et [GeV/c]
,ch _ ,ch . . i

Pri =Prig —PXA p;f”;’;":h < 0: yield independent of E;“g

Same Event: Signal + Bg. jet
Normalized Mixed Event: Bg. jet

o (Background jets contribution)

Recoil jet contribution dominates over background at high—p;e;;":h and the same for m0+jet.
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vdairtjet and n+jet pr spectra

0 10 20
[GeV/c]

,Jet
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* vdir and 70 trigger recoil jet pr spectra
strongly dependent on jet R and
trigger ET

no+jet

14



Recoil jet yield suppression for R=0.2 and 0.5

|||||||||||||||||||||||||||||||||||||||_ [T | T T IIII.| T | o | 1]

1 Ertie: 9-11GeV 1 Aut A
% T 4 o - B u+Au
| e | (| L ey o Yl
C [ N s 1< | 1 laa pT et) =
< < ; ’J p+p
EL_10-1— Au+Au 200 GeV, 0-15% -9<Etg<11GeV Au+Au 200 GeV, 0-15% Y(pT,]Ct)

- anti-k; R = 0.2 5 anti-k; R _05

'| |"'|"'|"'|"'|"'|| N . 107

:f| |III|II |II |1_
_||||

Eqtrig: 11-15 GeV

Y( p%het) — Per trigger recoil

0 4 @ 1:
: | |
Ee | O e 1E | jet yield as a function py:
E-._:E e = C+jet : E_-_:E :11 < EtTng <15 Ge = O+jet T’Jet
" TR AT B 1 | | i +p ref PYTHIA-8
CL ettt e by Cl I I I I 1 r r n : -
2 4 6 8 10 12 14 16 18 20 5 10 15 20 25 pp retetence
2F o 1e : 2r 15 <E;° <20 Ge ' o
o 4L | B 1-20GeV. gR-0.2 o R=05 Systematic (lighter band) and
T F 1< 1 statistical (darker band)
n 4 b B i . .
x Zoaf 1 £303f - uncertainties
0.2F, +jelt Au+Au |200 GeV, |o 15%, alntl -k | - 0.2 | | | | |
5 1 Q:h G'I \5// 20 25 5 1 Och 15 20 25
pT,jet[ eV/c] PT e [GeV/c]

* vairtjet and 0+ jet show a similar level of suppression
 No significant trigger £t dependence
 Larger recoil jet yield suppression for R=0.2 than R=0.5
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Recoil jet yield suppression: PYTHIA-6 STAR vs PYTHIA-8

vartjet: 15 < E;rig <20 GeV

R=0.5

2T 156 <E; <20 Ge |

trig

10 15 20 25
pS"  [GeV/c]
T,jet

15 < E;° <20 GeV.

R=0.2 pp reference: PYTHIA-8
2 trig |
© 15 < E <20 GeV R=0.2
¢ EFN. A ER:
C< f 1 E.
5z 2o3f 1 &<03
021y +et, Au+Au I200 GeV, Io 15%, alntl -k | . 0.2
| I | I | I I . | 1 1 1 | I I . | | I 11
) 10 15 20 25 5
pChjet [GeV/c]
pp reference: PYTHIA-6 STAR tune
2F : oF
¢ ERER
Eo 15, |
x Zoaf 1 &<0.3
02ry +je|t Au+Au I200 GeV, Io 15%, aulnn K | . 0.2
5 20 25 5

1 Oh 15
pi’jet [GeV/c]

PYTHIA-6 STAR tune vs PYTHIA-8:

e R=0.2: negligible change

e R=0.5: significant shift in central value but consistent
within other systematic uncertainties

Nihar Sahoo (SDU)

10 15 20 25

[GeV/c]
Tj et

Systematic (lighter band) and
statistical (darker band) uncertainties
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Recoll jet yield suppression: Data vs. Model

vairtjet: 15 < Efig <20 GeV
Comparison to Theory

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

LBT: coupled LBT+hydro
Vitev: Soft Collinear Effective Theory

[Chen, et al., PLB 777 (2018) 707]
[Sievert, et al., PLB 795 (2019) 502]

R=0.2 pp reference: PYTHIA-8 R=0.5
2 — i — 2F ~.. trig
o L LOMS<E’<20GeV 4R=02 | | e ke Y
< E R - 1 < :
o f 18 |
> :EE 03l i 5_:50_3 | - - - Jet-fluid AN
T 0.2F ., et AusAu 200 GeV. 0-1504 AR . 0.2} BT I
Yy +Jet Au+Au 200 GeV, 0- 15/o anti- k Vitev et al. I I I
| I | I L1 1 1 I 1 1 1 I 1 1 1 I | I 11 I | I I N N N TN T O T A | 1 1 1 1 L1 1 1
5 10, GI1 \5// 20 25 5 1 Qh 15 20 25
PT e [GEV/C] pc" | [GeVic]
pp reference: PYTHIA-6 STAR tune
2F y 21 “~. 15 <E;Y <20 GeV
© 1 | N oo _A B _=_O_'_2_ -— © s N T____ ° _B_=_0_'_5____
< S R = :
= - 1 E ;
x :E 0.3 - E__:E 0.3 [ - - - Jet-fluid .
T 026, et AurAu 200 GeV O-18bL BA . 0.2 — BT "
Y. +je|t Au+Au I200 GeV, IO 15A> a?tl -k I Vitev et al. I I I
| I | 1 1 1 L1 1 1 L1 1 1 | I 11 I AN A A TN T T O N A N 1 1 1 1 L1 1 1
5 10 15 20 25 5 10 15 20 25

pih, [GeV/c]

pr-dependence of suppression is different
in theory predictions and data.
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p?het [GeV/c]

Systematic (lighter band) and
statistical (darker band) uncertainties
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Measurement of jet radial profile

e Ratio of recolil jet yields R=0.2/R=0.5
e Jet radial profile in vacuum requires ratio < 1 in pp collisions (PYTHIA) pe.
¢ In-medium modification of jet shape? Compare p+p and Aut+Au

T T T T T T T T T T T T 1T T T T T1H
- Au+Au 200 GeV 0-15% ‘ | 7
1 == —
p T,Jet : : ALICE: PLB 722 (2013) 262-272
u } < _f nti-k,, Il<0.
Y ( p )R O 5 B T EM; ’ t:k h}xlz?cfs pp s =276 TeV
T Jjet 0 - 1 Er2f 0@ soyen
d O 1 - J'l:o+je'[ 9< E < 11 GeV = $ 1:~ 2222 :tg (+Gb:l::ryoenzl)zatlon (G. Soyez)
h+jet: 9<p <30 GeV/c [PRC 96, 924905 (2017)] 1 e |
I | : . )
T e T
Y — Per trigger recoil ~ - : : 1"
fp T, Jl"'ctl) o S8 g BN = yairtjet: 15 < E}“g <20GeV 1 .
Je yle as a unc lon pT Jet II 1 §_ ------------------------------------------------------------------ _E 02:,_
m : : 0 i o aa d o s b o Lo baa s b sl iy
| - 30 40 50 60 70 80 90 (G;(\,/o/c)
= - pT.)et
-1 | PYTHIA-8, pp 200 GeV —
Sys.tet.natlc (hghter band) and o 0.1 - — — PYTHIA-6 STAR tune, pp 200 GeV 3
statistical (darker band) uncertainties SN IR AR I BN B A SN AR B A AR BN AR B A

) 10 . 15 20 25
pS o [GeV/c]

® v4ir Hjet consistent with PYTHIA-6 STAR tune
e would indicate no significant in-medium broadening

e (Quantitative difference: PYTHIA-6 STAR tune vs. PYTHIA-8

Nihar Sahoo (SDU) 18



Jet-quenching: jet pr-spectrum shift

ydir+jet, R=0.2

— PYTHIA-8

trig

== 15<E;" <20 GeV

\ ApTJet

N

v: 15-20 GeV
In this talk

--- PYTHIA-6, STAR tune_|

o)
>
>
o
5
N
L1111l

5 10 15
peh_ [GeVic]

20

Jet-quenching observables:

Iaa or Raa at fixed jet pr — Laa(pf) =

Convolute the effect of energy loss with

spectrum shape

Another way to quantify jet-quenching:

Jet pr shift (ApT et )
Ap%} ot (ApT,jet)p+p - (APT,jet)Au+Au

Y(pT Jet) AutAu

Y(p T ]et) PP

Initial parton energy loss can also be characterized

by jet pr shift

Nihar Sahoo (SDU)
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Jet pr-spectrum shift : RHIC vs. LHC

Characterization of average out-of-cone parton energy loss

Note here also different
kinematic coverage

12
— .LHC-ALICE
10~ @ R=0.2 + Pb+Pb 2.76 TeV
- +R=04
o 8 xR=0.5 *
\ —
% - PYTHIA-6 STAR tune pp reference
() 6 [ PYTHIA-8 pp reference +
S 4 -
el - ® ! !
o [ oe | : B | *
< 2 ¥
| : D ¢
O __ ‘_A'_ : ' 1
:p;“jet:10-20 GeV/c fp;hjetno-zo GeV/c \ p_cr:et:15-25 GeV/c :' p:}et110-20 GeV/c E p;hjet:60-100 GeV/c
o[ HP|2020 | arXiv:2006.00582 ;PRC 96 (2017) 024905|' JHEP09 (2015) 170
_+jet n'+jet Inclusive jet h+jet h+jet
Yd|r

o 710 PHENIX opt:~2-3 GeV/c within pr:10-18 GeV/c

Similar to STAR jet measurements [PHENIX, PRC 87, 034911 (2013)]

Indication of smaller in-medium energy loss at RHIC
than the LHC

Nihar Sahoo (SDU)

PHENIX: Inclusive ©0 pt spectrum:
Ave. fractional pr loss (0p1/pr)

~ 0.45

a = g==y==Pb+Pb 0-5%, 5(global)=0.3%
& 04F E=e== Au+Au 0-5%, 5(global)=1.0%
- ——=—— Pb+Pb 70-80%, 5(global)=0.7%

==& Au+Au 70-80%, 5(global)=2.9%

s

0.35—

sI<:'s

0.3
0.25[— " ¥ ®
- ° [} L]
0.2F hd U

15 |
| %

0.1
- 1N
0.05/— i ¥ .h'l' {' d
0: AAA11;$LL
c ‘r‘—f [ ] P
'°'°54_' ‘ 'tls' ‘ ‘t's' ‘ '15' ‘ '1'2‘ ‘ '1'4' ‘ '1%' '1'8‘ 20
P, (p+p) (GeV/c)

20



Microstructure of QGP: Jet Probes

Section

2.4 Exploring the Microstructure of the QGP (Run-23 and Run-25

The STAR Beam Use Request for Run-21, Run-22 and Au+Au)
data taking in 2023-25

The STAR Collaboration

One of the questions...

What are the underlying mechanisms of jet quenching
at RHIC energies? What do jet probes tell us about the
microscopic structure of the QGP as a function of

resolution scale?

With detectors:
BEMC: n| <1

EEMC: 1 <n<2
| — — TPC (1ITPC) : In| < 1.5
Forward Tracking: 2.5 <n <4

https://indico.bnl.gov/event/7881/
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PYTHIA-8
AA

Future projection: y+jet measurement in STAR

1. High precision Iaa measurement with extended jet
pr and at higher Ertrig [to resolve theory predictions]

oL .. STAR Projection y+jet: 15 < E° <20 GeV -
\/”;\ﬂ\“/
1 “ """ [t e
C \/’f—\_“;__ - ’
- Au+Au (0-15%) :
0.3F ---- Jet-fluid anti-k;, R=0.5 -
02k LBT " I 110 nb ™ projection |
SCET 10 nb" HP2020
O1b v v b oo b b b=
5 10 15 20 25 30
h [GeV/c
pT,jet [ ]
minimum bias | high-pr int. luminosity [nb™!|
year [x10° events] | all vz |vz|<70cm |vz|<30cm
2014
2016 2 26.5 19.1 15.7
2023 10 43 38 32
2025 10 58 52 43

¢ Precision measurement for p+p reference
e Full jet measurement using BEMC

e Also mid- and forward-rapidity measurement in
pt+Au collisions [cold-QCD matter effect]
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PYTHIA-8
AA

Future projection: y+jet measurement in STAR

1. High precision Iaa measurement with extended jet 2. Large angl.e deflection measurement
pr and at higher Ettrig [to resolve theory predictions] [to explore microstructure of QGP]
ol -.._STAR Projection y+jet: 15 < E'° <20 GeV - L sy STARProjcton '_}_j
\/’;\ﬂ‘u\“/ — E antik,R=05  Semiinclusivey +jet .
TE T Uncertainty pojecton] 3 B [ ts<e®<aaey N
- \/f’\___\ - i g§ S 10<p:]::°h<15 GeVic |
B Au+Au (0-15%) ] = o - -
03 - - Jet'ﬂU|d \\\_. anti-kT’ R=05 ] Zﬁ g%/ I =e= 110 nb™' Projection _]I.-
02k LBT " I 110 nb ™ projection | v RE ; ‘i'
SCET 10 nb™" HP2020 3 T E
Ot v v v b o bvv b b i ]
) 10 15 20 25 30 L ]
pch [GeV/c] 1 1.5 2 - _et2.5 3
Tet A9 (= ¢ - ¢ [rad]
minimum bias | high-pr int. luminosity [nb™!| ) i
YO [x109 events] | all vz |vz|<70cm  |vz|<30cm 3. yHet pT-balanCG [to Stud}’]et'
ggié 5 9.5 191 15.7 quenching more differential way]
e L R
2023 10 43 38 32 2 1y PP200GeV[PYTHIA-6 STAR tune]
2025 10 58 52 43 : + PP anis =05 ]
1.6 y +jet mécharged jet] -
r 15<E;" <20 GeV ]
1.4 + —— 235 pp'1 [2024] | =
e Precision measurement for p+p reference RE AN e
, , 5 ‘(T#J:U Semi-inclusive y+jet
e Full jet measurement using BEMC o8| i E
. L . 0.6 114 4 3
e Also mid- and forward-rapidity measurement in 04l | ‘mﬁ» E
o . B T '+ E
pt+Au collisions [cold-QCD matter effect] 0.2 teet -
0 02 04 06 08 1 12 14
y+Jetx (= E;J:)
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Summary and outlook

e Developed all the methods and techniques in recent years for semi-inclusive
v+jet measurement in STAR

e The current challenge 1s high precision p+p reference (and also Au+Au data)

e Aim for the year 2024 p+p data taking (235 pb-1)
e p+p reterence: PYTHIA-6 STAR tune vs. PYTHIA-8

e Preliminary results show:
e Recoil jet yield suppression: similar magnitude for yqirtjet and no+jet
e Theoretical calculations do not reproduce pr dependence
e R-dependence of suppression

e Jet energy loss at RHIC: indication of being smaller than the LHC

Run23-25 heavy-lon (along with Run24 p+p) runs would be crucial for definitive
and incisive conclusion on our observation in STAR...

Thank you!
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Backup
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Extraction of ygirtjet from yrichtjet

Per trigger jet yield of yair at a given jet pr:

@}’rich(p T) o Rimpurity .9 nO(pT)
Il —R

gydir(p T) =

impurity
2, (pp) : per trigger jet yield of yricn at a given jet pr

D o (p) : per trigger jet yield of n0 at a given jet pr

Rimpurity : 0 1mpurity 1n yrich Sample
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Search for the large angle deflection

p1p
o) At small angle —>Gaussian Shape
6‘\0\\’\98' At large angle —> Rutherford Scattering
&

Scattering of a recoil-jet off quasi-particles
in the QGP - Intra-jet broadening (Ag)

Large angle deflection measurement [to
explore microstructure of QGP]

I | I I I I | I I I I | I I I I | I I
A qp 1 AusAu(o-15%)  STAR Projection =
— —Ce= ]
— - anti-k;, R=0.5 Semi-inclusive y + jet .
ge - | ]
' I A B B I = R I B B g B 15 <E” <20 GeV . i
4 10<p’ <20 GeVic ¥ 20<p”<30GeV/c 3 B 10<p™ < 15 GoVic
- Tjet E Tjet 3 < 10 = T jet —
& F3 E = ) . E
s | ¥ \'s =200 GeV, PYTHIA ; g f —om :
Zﬁ 5 % E3 n0+j%t E Z§ 50 - =e= 110 nb™' Projection _1.- 7
L~ 3 aF I - l o B = ]
o34 o* + 9<ET9<20GeV r Cl8 s
= _F 3F 3 -2 | — ]
Ty o & oRg=05 E E: -+ E
zZ 3 oo +  eRy=02 : Z r -t i
1 ' : - 1
0; 10_3 — ooy |_T||’- gy oy 1 -
1 1.5 2 2.5 3

Ad) (= q)y ) q)recoil jet) [rad]

Nihar Sahoo (SDU) 26



dN/d¢
6} Solid (dotted) curves are for Q=20 (60) GeV hard triggers.

~ Black curve assume only Vacuum Sudakov gluon radiation

- Blue curves assume Vacuum ® wQGP color composition
- with only perturbative QCD color dielectric quarks and gluons

' Red curves assume Vacuum ® sQGMP color composition

;| with magnetic monopoles and Polyakov suppressed electric
- semi-quarks/guons
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