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Jet quenching:

Jet quenching in large systems

modifications to the energy and substructure of high-energy parton showers in QGP
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Jet quenching in Au+Au is studied with both inclusive and semi-inclusive jet production.
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System size for jet quenching?

large system Small system 10p L

®
04 10 |
1027 430 Zr[ JRu+35 Ru PO +° 0 p+57 Au 1021
RHIC: 2021 at 200 GeV L

LHC: 2025 at several TeV

O+0:

* Bridge the gap between these small and large systems.

* With an Npart close to that of p/d+Au collisions but with a larger geometrical transverse

overlap that increases the in-medium path length and thus potentially guenching.
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https://drupal.star.bnl.gov/STAR/system/files/BUR2020_final.pdf

Jet quenching observables

 Inclusive jets

periphearal
YAA <N. coll > Y, central
Ry, = R, = — Depend on Ncoi from Glauber Model
<N, coll = Y pp <N, coll > Y periphearal

 Semi-inclusive h-jet
High-pT hadron triggered jet

" trigger

hadron 7= Yuu ;] - Y central Self-normalize (per trigger)
AA = — .
Y,, * Yyeriphera  Without model dependence
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Dataset

2021 O+0 4 /sypn = 200GeV Solenoidal Tracker at RHIC (STAR)
Time Projection Chamber (TPC)

In| < 1.5
 Event Plane Detector (EPD)

2.14 < |n] < 5.09

503M good events

Charged tracks with 0.2 < p; < 30 GeV/c

inner TPC upgrade

end-cap Time-of-Flignt Detector

/ Event7eme Detector
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Jet reconstruction
i- h-jet
[ Inclusive jet

J
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Analysis procedure

Mixed event
Eubtract uncorrelated background

S e — e — e —— e —

Sijie Zhang

.

Unfolding
orrect background fluctuations
lgnd detector effects
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Jet reconstruction

Jet reconstruction Mixed event l' Unfolding Observable
e h-jet Correct background fluctuations * |ep

. Eubtract uncorrelated background
* Inclusive jet _ and detector effects * Rep

102

 Reconstruct jet from real event (same event, SE)
10
g . — SE * Anti-kr algorithm
o 1
Q) -
-gf r . - * ‘rljet‘ = 1.5 _Rjet
E " N 0+0 200GeV reco,ch__,~raw,ch i \
o . h-jet NN o 'A(GeV/
S5 10 - 0-80% ) pT,jet pT,jet P'A(GeVic)
& - R=0.2
10 S estimated background energy density :
< et | event occupancy C:
= 10 ty p’ — median {@} ., the area ); Aj covered by physical jets
tH " j € physical jets  A; divided by the total area Aot

CMS, JHEP 2012,
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Mixed event

M. .| - :
Jet reconstruction : Unfolding
. Mixed event .
e h-jet Correct background fluctuations
L Subtract uncorrelated background
* |nclusive jet and detector effects
L = J —_——— —— —_— —_——
mixed event - 10 102
) —— SE
> 10 .
3 i T SE
_g.‘al 1 . ME (scaled) @ -
5 >
IR (o] " ;8, 1 . —— SE - fME*ME
<3 - ME norm region (scaled) .§§ *
22 10_2 ..-..--o- e 1 - ;
randomly select a tr 5 e O+0200Gev) 810 « 0+0 200GeV
% 10 3 . h'jet _8. * h']et
z" s 0-80% 5 02 * 0-80%
~ -4 Q
= 10 & * R=0.2
g3 *
* 3
Credit: YangHe ~ same events (real events) U505 10015 20 25780 35 40 10Tk g Bs o
p | ’ preCO,Ch
T,jet T jet

Jye: normalization parameter
 Combinatorial background is subtracted based on the event mixing technigue
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rJet reconstruction

i . h-jet |
* Inclusive jet |
— —
Central
10?
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Semi-inclusive h-jet raw spectra

Mixed event

Subtract uncorrelated background
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— SE - f,_*ME
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Observable
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Peripheral

60-80%
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 Obtain raw jet pT spectra of each centrality after uncorrelated background subtraction
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(1 /Nevent) d Nie'/de, jetdnjet(GeV/c)
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Jet reconstruction
i- h-jet
L Inclusive jet
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Inclusive jet raw spectra

Mixed event

Subtract uncorrelated background
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 Obtain raw jet pT spectra of each centrality after uncorrelated background subtraction
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Unfolding procedure

e S— Se—

Jet reconstruction
i- h-jet

Observable
 lep

Unfolding

Mixed event

l_iubtract uncorrelated background Correct background fluctuations

and detector effects

—

- IncIuTsiIve jet -— . Eipl -
Pythia jets (Particle level jets) Detector level jets Measured jets (Recoil jets)
part,ch . det,ch ,Ch
prar (D) g () s
Apply detector efficiency Apply QGP background
\ and resolution effect k smearing }
R et Rpkg
\ }
RfuII

* QObtain response matrix by fast simulation
 Background fluctuations and detector effects will be corrected by unfolding
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Response matrix (ongoing)

Jet reconstruction : Unfolding
. Mixed event :
e h-jet Correct background fluctuations
L Subtract uncorrelated background
- Inclusive jet -— - and detector effects
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* QObtain response matrix by fast simulation
 Background fluctuations and detector effects will be corrected by unfolding
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Summary

> A first look at h-jet and inclusive jet in O+0 200GeV.

> Raw jet pt spectra for each centrality class are obtained.

Mar 18, 2025 Sijie Zhang 13



Summary

> A first look at h-jet and inclusive jet in O+0 200GeV.

> Raw jet pt spectra for each centrality class are obtained.

Outlook

> Fully corrected spectra, Rep and lcp.
> Systematic uncertainty

> Compare to similar measurements in collision systems of various sizes.

To BE
CONT/NUED XX ““'v.

\

Thank you!
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Event cuts and track cuts

-30<Vz<30cm

Event cuts Vr < 2 cm

pT > 0.2 GeV
leta| < 1.5
DCA < 1cm
nHitsFit > 15 for TPC
Sign DCA < 0.5(Pos), sign DCA > -0.5(Neg)
nHitsFit/nHitPoss > 0.52

Track cuts

Mar 18, 2025 Sijie Zhang 10



Background subtraction

 Average background contribution

10 £
= 0+0 200GeV 0%-10%
1:_ 7< P, trig <30 GeV/c
recooch raw,ch = k; R, =0.4
pT’ jet - pT, jet T ,0 ) A §10—1§ remove 2 hardest jets for SE
S E p... <5 GeV/cfor ME
1 . < 1072 _ g
p = estimated background energy density 2 F SE
O, 3
Zq>,10 = ME
107 ;—
. Tj -
o' = median PTj -. 1o Lo
] € physical jets A j =
L A o
8_ —
event occupancy C: gs_ _
the area ); A; covered by physical jets 4 .
divided by the total area Aot N,

CMS, JHEP 2012, 130. ol e e



Detector matrix (Rget)

60_,, T I —— I —— I I ——— I ——— 1 1:I|IIII|IIII|IIIllllllllllHlllllllllIIII:
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— T ' - 1 09 & B
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> - . ¢ 0.85— ? (ol lol]I#T1
O I 1 3. c Tliel||
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o HIR=0.2 i ot o 20%-40% _
oF N A R - —e— 40%-60% -
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:l||1|||||11|l||11|1111|1||||||1|_ 107 0.6:|||||||||||||||||||||||||||||||||||||||||:
0 10 20 30 40 50 60 0 5 10 15 20 25 30 35 40
dete, ch G part, ch
’ eV/c 7 (GeVlc
pT, jet ( ) pT, jet ( )
 Jets at two levels are closest to each other. . h effici matched particle jets
. - : - _ ]et maitcn e IClency = : -
the distance between jets at the two levels is less than R;,, all particle jets
p%e.te péza.rt
Jel jet
> 0.15 && > 0.15
° part de!‘e
pT,jet pT,]et
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Background smearing

= 0+0 200GeV E = 0+0 200GeV : = 0+0 200GeV E = 0+0 200GeV
-0 0%-10% s L -106  0%-10% - -0 0%-10% - -0 0%-10%
~15F Rje=0.2 = _15f. Rie=0.3 . 15[ R=0.4 : _15F R.=0.5
_|IIII|IIII|IIII|IIII|IIII|IIII|_ 1 — |IIII|IIII|IIII|IIII|IIII|IIII __|IIII|IIII|IIII|IIII|IIII|IIII __|IIII|IIII|IIII|IIII|IIII|IIII
20 0 10 20 30 40 50 60 20 0 10 20 30 40 50 20 0 10 20 30 40 50 20 0 10 20 30 40 50
pspjefh(GeV/c) pSPJefh(GeV/c) pipj’efh(GeV/c) pSPJefh(GeV/c)

 Background fluctuations can influence the jet pt

 embed single particle to real O+0O data

reco,ch embed

. 5pT=pT,jet _pT
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Background matrix (Rokg)

60_] | T 1T 1 T 1T 1 1T 171 T 1T 1 T 1T 1 T 1 I_ _51 60_I I T 1T 1 T 1T 1 1T 171 | L T 1T 1 T 1T 1 _51 60_I | T 1T 1 | L T 1T 1 | | L T 1 I_ '—51
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o I 13 o f 13 o f 1l =
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> ) | 17 > i f ot 17 > : s 1
o ¢ E 1 © . 1 © L 1=
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= T ] = T O 1 s e .
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3 B ool 0+0 200GeV i= . & © 5ol © - 0+0200GeV =0 & @ 5ol -+ - 0+0 200GeV f o
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o _ I:‘jet=0'2 i o B I:‘jet=o'3 i o i I:‘jet=0'4' i
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O~ = O . 0 =
11 | | I I | | | I I | | 1 1 1 1 | | I I | | | I I | | 11 1 1™ 10—5 1| | 1 1 1 | | I I | | 1 1 1 | 1 1 1 1 I 1 1 1 1 | | I I | 10—5 11 | 1 1 1 | | | I I | | | I I | | 1 1 1 1 | 1 1 1 1 | | I I 10—5
0 10 20 30 40 50 60 0 10 20 30 40 50 60 0O 10 20 30 40 50 60
il, ch il, ch il, ch
pee" “GeV/c) pe°" “(GeV/c) pe°" “GeV/c)
T, jet T, jet T, jet

 apply delta pt to detector level jet
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Multiplied matrix (Rsun)

60_[ I | T T 1 | T T 1 | T T 7T T T 1 T T 1 T T T _§1 60_[ I | T 1 IJ'I T 1 ] T TT T T 1 T T 1 T 1 I_ _§1 60_[ I ] | Iﬂ— I-I#I 1T 1 I T T1 T T 1 T 1 I_ _§1 60_] I l T 1 IT‘I 1 [ =1 T 1 I T T1 I | L T 1 I_ _§1
50 e = | 1 50 re— 3 - 50 = o 50 ——— q
B : - B i = i — 107 B i — 107 B i = 10"

O i 1 = 1 = 1 O i 1
=~ 40 - - - < 40 —
> - i i i > - i
@ i i 1= @ i
GO 30 - - - G 30 ~
e B i ] ] =~ - ]
— : : : : 0. = :
2 201 - - - 5 2201 -
— [ e i i i o — | i
Q. : 0+0 200GeV R 0+0 200GeV R 0+0 200GeV R Q i 0+0 200GeV R
10~ 0%-10% B 0%-10% 7 0%-10% - 10~ 0%-10% 7
- h-jet R =0.2 h-jet R =0.3 h-jet R =0.4 - - h-jet R =0.5
N jet _ jet _ jet _ N jet _
O~ ] ] ] U ]
1 1 | | I | | | I | | | I | | | I | | L1 1 1 | | I | | | | I | I I 11 1 I 1 1 1 | I 1 1 1 I I 1 1 1 | L 11 17 | | I 11 1 | I 1 1 1 | L1 1 1 | I 1 1 1 | I 1 1 1 | 11 17 11 | I 1 1 1 | I 11 1 | L1 1 1 | I 1 1 1 | I 1 1 1 | 11 17
0 10 20 30 40 50 60 0 10 20 30 40 50 6 0 10 20 30 40 50 6 0 10 20 30 40 50 6

|Dreconl, Ch(G eV /C) precon, ch(G eV /C) precon, ch(G eV /C) precon, ch(G eV /C)

T, jet T, jet T, jet T, jet

reco,ch _part,ch _' reco,ch _det,ch det,ch _part,ch
Rfull(pT,jet 7pT,jet ) — Rbkg(pT,jet 7pT,jet ) X Rdet(pT,jet 7pT,jet )

Mar 18, 2025 Sijie Zhang 21



