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Jets in QCD matter

Bullet in water

Experimental jet results in AA— Saehanseul Oh
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In vacuum (e.g. p+p)
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Jets in OCD matter

In vacuum (e.g. p+p)

(> Jets in vacuum

* Hard-scattered parton fragments into final state
particles - Algorithmic recombination into a Jet

« Jetsin vacuum are well understood in pQCD
framework

o

/> Jets in heavy-ion collisions

* Hard-scattered partons are produced at the very
early stages of collisions - Interact with QGP as
they traverse it

* Any modifications to jet observables are due to
the interaction with the QCD medium - Jet

\ quenching

Experimental jet results in AA— Saehanseul Oh
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Jets in OCD matter

» What questions are we trying to answer?
*  How does QGP respond to the external out-of-equilibrium probe, e.g. jets?
* How can we use jets to probe the microstructure of the QGP?
*  What is the resolution scale of the medium? How can we measure that?
*  What can we learn from the mass dependence of jet quenching?

Experimental jet results in AA— Saehanseul Oh 4
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Jets in QCD matter el

» What questions are we trying to answer?
*  How does QGP respond to the external out-of-equilibrium probe, e.g. jets?
* How can we use jets to probe the microstructure of the QGP?
*  What is the resolution scale of the medium? How can we measure that?
*  What can we learn from the mass dependence of jet quenching?

> Jet observables

« Each jet observable is connected to one or multiple questions
— We can probe different aspects of jet quenching

*  We measure the same physics in multiple ways — Consistency

Experimental jet results in AA— Saehanseul Oh 5



Jets in QCD matter o]

What have we found so far?

« Jetenergy loss
e Jet substructure modification
 Jetdeflection

Experimental jet results in AA— Saehanseul Oh 6
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Inclusive jet spectra el

1 d’N
Nevent dpT jetdMjet

AA . . . .
> Jet Rpp = > > Basic measurements of jet yield suppression
N
P jetdMjet pp
| CMS, 2.76 TeV, PRC 96 (2017) 015202 | | ATLAS, 5.02 TeV, PLB 790 (2019) 108-128 | ALICE, 5.02 TeV, PRC 101 (2020) 034911
————— ' —————— 3 4 4f -
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E BCMé Jets, il <2.0 I ﬂ"‘;"«*‘=°-“ A o 121 pp 15 =502 TeV
3 ’ tri-jet :dﬁL+I” $+ﬂ_’_F In <03 p">7 GeVic
F [EIATLAS Jets, pl**'"*" > 7/8 GeVie; Nk G T B
o T T,,+L . [ ) = - LBT » ALICE o
=" with PYTHIA Correction, Iyl <2.1 AA — i gscer, . CH‘TMHW
3 e L 0.8 g tyors g Lo 267)  Shape uncotamy
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:_ + . j—FE —Nﬂ i l_.‘ i [ “ * * 06_ JEWEL, recoils off ‘
(! et
] 0.5/ e f 1 » i
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e eVic M - L
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* Most models reasonably describe data — more differential measurements needed
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Inclusive jet spectra

1 d2nN

Nevent dpT jetdMjet

AA

> Jet RAA -

d2o
(Tap) =————
dp jetdNjet

pp

| ALICE, 5.02TeV, PRC 101 (2020) 034911 |

< T T LI T T T 1]
<
o 1.4f Pb Pb 0-10%| R=0.2 ALICE 7
W ALICE \sNN 5.02 TeV [This publication]
1.2+ © ALICE s, =2.76 TeV [PLB 746 (2015) 1] .
I CMS s, =276TeV [PRC 96 (2017) 015202
1 i See publications for: Moy P} a |H ‘ b
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Shape uncertainty
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No clear R dependence or
collision energy dependence
at the LHC at standard R

Consistent Ry, values from
different collaborations
(Different n,,, systematics)

What about at RHIC energies?
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Inclusive jet spectra

1 d’N
Nevent dpT jetdMjet
> Jet RAA == A4
(Tap) —29
dp jetdNjet pp
| STAR, 0.2 TeV, PRC 102 (2020) 054913
'(E 10:"|'["|'l""I'"'I""]""I""I""l""l--llllIllllll|'|]||ll]lllll"llllllllllllllll'll |||l|ll||l"||l"'lI|||||lll|||"'|l"'l||lll'-
S« [ AutAu VS =200GeV  R=0.2 ¥ R=03 STAR charged jets I R=04 LBT, p™ =5 GeV/c ]
< i o mn -5 GeV/c + Hybrid ‘nodel
o . Central (0-10%) 1 P lead = + [ SCET (full jets)
- anti-k; T [ jet normalization unc. T 1 NLO pQCD (full jets)
1 I 1 I 1 [ LIDO, p’T”"I’;ad=5 GeV/c I .
s ‘\‘“Eﬁ'ﬁ\“ﬁm : A I AT .‘ﬁ
10'1:‘ ¥ E3 E
.................................... PP U U FRUTE FRTTE FRTTE FUTIT FRTIL I U FRPRT PROTE FOTIT FRTT PIT FRPR PP P
O 5 10 15 20 25 30 35 40 45 5 10 15 20 25 30 35 40 45 5 10 15 20 25 30 35 40 45
GeV/c
pT jet’ pT,jet( )
* Inclusive charged-particle jet spectra at 200 GeV Au+Au collisions with respect to PYTHIA
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Inclusive jet spectra el

» Jet Rcp— Comparison between central and peripheral collisions

| STAR, 0.2 TeV, PRC 102 (2020) 054913 |

T R — 0 3 T T LR | T T T T
2¥rs ' m ] ] STAR
10-" __+ ch. jets 0-10% / 60-80% anti-ky, R=0.2 | —e— ch. jets 0-10% / 50-80% fo.3 i
-~/ ch. hadrons 0-5% /60-80% pT" =5GeV/c T ch. hadrons 0-5% / 60-80% o ]
i lll L 1 1 Alllll ll 1 1 llllll T 1 1 llIIII L 1 1 llllll 1 1 1 llllll ]
1 10 10? 1 10?

10
ps o S (GeVic)

« Similar level of suppression between 200 GeV and 2.76 TeV, although their spectrum
shapes are different
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Inclusive jet spectra

> Consistent and similar level of jet yield suppression observed
at different collision energies and different R

Experimental jet results in AA— Saehanseul Oh 12



Semi-inclusive jet spectra
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» Semi-inclusive jet measurements

« Jetsin the recoil region of high-p+ trigger particles

» Correlated vs. uncorrelated contributions with respect to the
trigger particle > Effective removal of the latter

» Capability to access lower pr

Experimental jet results in AA— Saehanseul Oh
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STAR, Phys. Rev. C96(2017) 24905 |

AUrAU @ 200 GeV, 0%-10% |
A >0.20,R =03, antik. 3
9.0<p!?<30.0 Gevic
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Removal of uncorrelated contributions
with a Mixed-event technique
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Semi-inclusive jet spectra

[ STAR Phys. Rev. C96(2017)24905 | [ ALICE, JHEP 09 (2015)170 |
- 1 L |
) E Au+Au, |5,,=200 GeV 3 L N
? 101 R 9.0<p,”<30.0 GeVic - % _ F ALICE AL
g 10k A>0.35,R =043 Eg 16 0-10%Pb-Pb 5= 276 TeV :
5102 antik; 1 g3 L Anti-k; charged, R =0.4 E
~E < T x-Ap<06 .
f’f 1095 ] § B 12f TT{20,50} - TT{8,9} =
= e 3 a® ]
R L =20%10% i L E
2 10%E 560%80% 3 ﬁ i X l
‘o F 6o Mok 3 0.8~ - =
5| —-de Florian NLO g - @
~2 10”5 —stat.error ~ _— C £ FH
> E syst. uncertainty 3 < 06} = EE —
Z 10°% L 2 - S ]
F ‘ . 04  Ei ® ALICE data E
0.2f & Shape uncertainty .
i C § : [JCorrelated uncertainty
e i WP S PR P B P P DR PR Fe s
L 4 % 10 20 30 40 50 60 70 80 90 100
E . 3 h
0 10 20 30 pe" (GeV/c)
P, (GeVic) T jet

* lcp, laa= The ratio of recoil jet yields in central to peripheral or pp distributions

« Similar level of suppression via Icp to charged-particle jet Rep at 200 GeV

Experimental jet results in AA— Saehanseul Oh 14



Inclusive and semi-inclusive jet spectra
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* Inaddition to Ry or Ian jet yield
suppression can be quantified
with —Ap;
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Inclusive and semi-inclusive jet spectra sl

— ——— 12 ‘
) I ALICE |syy=5.02 TeV 1 L. RH », . LHC-ALICE
E 10 ¢ . QIQML;ZEZ@J ) <05; 10/~  eR=02 Aus+/ { Pb+Pb 2.76 TeV
= T - +R=04 :
E % ) 8— xR=0.5 : *x
5 {EL S ¢ :
S 10—5 = | R - ® C PYTHIA-6 STAR tune pp reference :
% -O,’gi: F AA 3 O] 6 PYTHIA-8 pp reference + E
_g:_ [ o —y— ] '_'5 4 - I ; | o '
I e =] FoE ! e : o+ :
2 10° E [ ] Correlated uncertainty E o r oce | ; : . :
_ Aé f Shape uncertainty l:l:{I ﬂ 2 :_ ¥ E N E g E
0 [ b 0-t0%PoRy e of- * |
| [ Corelated uncertainty - Z " D 1020 GeVie | p? 110-20GeVic | p 15:25GeVie | p* :10-20 GeVic | p" :60-100 GeV/c
107 F Shape uncertainty O, =&1% E [ Tiet T et 1 Tet Tt Pt
] o HF’|202° | arXiv:2006.00582  PRC 96 (2017) 024905 JHEPO9 (2015) 170
0 50 100 : e e : :
Pry, (GeV/c) ydir+jet n+jet Inclusive jet h+jet h+jet
dditi -t vield + At RHIC, similar energy loss for different channels of measurements
L]
Ina 'thn t0 Raa O lag, Je.t .yle * At the LHC with higher prjet, indication of larger energy loss than
suppression can be quantified RHIC for h+jet measurements
with —Ap; * Further—-Apr quantification for other spectrum measurements is needed
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Inclusive jet spectra at larger jet R )

> Jet Rpp at higher jet R —Wider jets more suppressed? Quenched energy toward larger R?

[ CMS 502 Tev, JHEP 05 (2021)284 |

CMS {5y = 502 TeV, PbPb 404 ub™, pp 27.4 pb”! CMS {Syn = 5.02 TeV, PbPb 404 b, pp 27.4 pb’
. R=02 R=03 R=0.4 : R=0.2 R=0.3 R=0.4
1---' ————— |- e —-----»I ------------ - - Bt R EEEEEEEEEE R - B
B S S - 1 ea ] 0.8F —— —— ]
0.8: o0 +++| :*: - ——¢= E P —o¥ =
osf " 1 ¥ . 0.6 b oem— 1 e ]
0.4F 1 I ] 0.4F == 1= ]
F F — Hybrid w/ wake
- I I ] 0.2F oy . 1 10% + Zhiybri ;
0% anii i <2 § 02 k<2 @I T o aode
< 0 : : : = : :
= R=06 R=08 R=1.0 T R=0.6 R=0.8 R=1.0
1_-----—' ------------ o i - I ———————————— o - I ———————————— . L] oo e 7
[ e g " ne 0.8} e T e} ==
0.8:' s T T -Q—:#: ] OF o e — =+— =
0.6F ¥ I ] 0.6F = 1 N a— ;
F [ ———— R — S x
04:_ T T B 04Fr = ———— —-I/—\ —+ :—/__\ ]
<0-10% [T 30-50% [T, WLumi E 1 1 o 1
02f coaem | wsowm i - PO S, 010% T TEumEnLEI,
9200 1000 200 1000 200 1000 200 1000 200 1000 200 1000
P (GeV) P (GeV)
a
* No strong dependence on jet radius persists at large R + Significanttension between models — Further constraints
(=1.0) and high prje: (1 TeV/c) on the underlyingjet quenching mechanisms
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Jet substructure observables

0-20%
ALICE \’sNN =5.02 TeV e 251 AurAu, p+p Yy, =200 GeV. ATLAS Preliminary
- . 50% Charged-particle jets ® pp - o Antik Ry = 0.4, Antik_ Ry, =0.1 ‘ 1 1
mre Pubnigﬁ‘z?n@ R ; ‘T | <lo 5 w Pb-Pb 30-50% Charged-particle jets o <10 e Pb+Pb 1.72 nb”, pp 257 pb’, 5.02 TeV
VS { § Sys. uncertainty R . I l<05 ¢ Single sub-jet
14<|/d,, <20 GeV

o
60 < Py i < 80 GeV/c 60<p, . <80 GeVic ° o @ m 0<0,<02

Soft Drop z.,=0.2, =0
P Zeu=02, f Soft Drop z,,,=0.2, =0 B o ozcr o

p o
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1
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[ ]
A
+

=0.90

Recoil Matched Jet 0, Selection Matched Di-jet Selection
A Get, HT) > 203 Trigger p, > 16 GeVic
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W JETSCAPE

Qin
2

N, N, 0A,
o
&

°

lyl<2.0 200<p_<251 GeV
Reclustered R ='1.0 jets
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Jet substructure observables

Given the jet energy loss in the medium, how is
the shower modified when a jet traverses the

medium?

V2Rl N
:l - \\\ II/-~\ X
\ ( N \\ i S
LWAY N\ N, \ -~ N
Y N ] AN \ NN
\ ~od N \ \ N
J NP \\ Y / N \ \ . . ﬁ: .
I N A st N * Do these jets quench differently in
1 27N N, \ \ - N, \
1 \ A AN N LA \ \ . .
1” v /7 7’ \
SV LN NN QCD medium? What is the
\,
e e o SN
A S
Sa—— 1
~ /

resolution scale of the medium?
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Groomed jet substructure

[ CMS, PRL 120(2018) 142302 |

i B
; . . min )
V_ 502TeV pp 274pb1 Pbe 404p,b | . Jet groomlng via Soﬂ:Drop : M cut (A_R)
10° ‘cms amlkTR 04, mﬂl<13 . PT1tPT,2 R
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2 ol o e,
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L o o ]
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1 PRSI TS I ey b e 1
o[ T L B 1]
8 1 :-50-80‘?0 ................................................. _: Z,= small
e
()] N ] .
RIS T —— « Comparison between A+A and smeared pp results
(o} £ Z
2 C § .. . . ..
g » Steeper z,distributions in central Pb+Pb collisions —parton
L splitting process is modified by the medium
o F 1 0
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Groomed jet substructure o]

. . ALICE, arXiv:2107.12984
» Background fluctuations in |
. . . o 12 T T = o . .
heavy-ion environment result in 2SI C oo ALICE |5,y =5.02TeV | 3N 10k epp ALICE |[5,=502TeV
. . . g 10 - om Pb—PW Charged-particle jets T e [ m Pb-Pb0-10% Charged-particle jets
.an Inc.o.rrect Splltt|ng be.lng Rl ~§"‘ r SyS uricerta R = 04, | njetl <05 1 ~ ‘;.)r‘ 8 r Sys_ uncer[ainty | njetl <07 N
identified by the grooming ©  8fF 60<p, ,  <80GeVic| [o : 60<p,  <80GeV/c |
algorithm N Soft Drop|z,=0.2,J8=0 1 6] Soft Droﬁ=0 ]
4:L . forgod =089, fhn =089 1 4i . Fomgea = 0-87, frn oy =0.88 ]
. . . I . ] i ]
. SmaIIe.r R jets, '|ncreased Za IN i — R i D Sl T R———
SD, using semi-central collisions 2r ‘: 2r ]
E : L L | g [ - 1 1
i Pablos, Le =0 ] F = JETSCAPE 5 Pablos, Lo = 0 ]
_c';‘% 1.4F W JETSCAPE PZbIg:, Lyog = 2/nT 1 &8 14F Caucal P:blg:, Lyos = 2/nT .
o » =*Qin Pablos, Ly, = { o ; Ghien Pablos, Ly, = % ]
] 1.2 -
* z, distributions in Pb+Pb “"'“LM:::?
collisions are consistent with : E
those of pp collisions within 0.2 0.3 04 0.5 0.2 0.3 0.4 0.5
Z Z
experimental uncertainties ~ 9 o b
{'-I=\:fl_____\ ‘:::::——‘3" ‘:-I=;\‘."____,\ “::;’:___“-)
\~\‘~i’/’ \\\NN\\i"I’I \N\\\i’/ s x\\{’lll
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Groomed jet substructure o]

. . ALICE, arXiv:2107.12984
[ ) | 1
Backg r.ound ﬂgctuatlons n 0 01 02 5, - 005 o1 os A
heavy-ion environment result in 3 ef oo ALICE (5-5.02Tev | 8F 4T . ALIGE Vo= 508 TV 3
an incorrect sphttmg being g g m Pb—P Charged-particle jets 1 o 3.5 b ppo-10% .Charged-particlejets
. . . - 5 F Sys. uncena R=04, lr)jetl<0.5 ] 1—’ e 3F  Sys. uncertainty Injetl<0.7 =
identified by the grooming SR 60<p, , <B0GeVe | S b 60<p, ,  <80GeVIc ]
algorithm " Sot Dropfz =02, =0 b Soft DroR 2, 0Zp=0 |
3_ ¢ Fragges = 0-89, Fiigpey = 0.90 _ 15; + 3 17 0 =0.88, F2 =089 1
* Smaller Rjets, increased z,, in 2t . _ i 5 . ]
SD, using semi-central collisions e 2 \ ] 05F g . £
2 : I ] Q f I I aucal I 1
E’& 150 9 JETSCAPE ] n,"& 2H Shebon L0 VuanGL-5Gev? g
al o :+ - Pabis, L7~ on7 1 & gy g bez2e - Yian e o
Pablos, L = | 1-5:
* Suppression (enhancement) of :
large (small) angles — Qualitative 0.5h ]
ioti . .' . . 0 02 04 06 08 1
description by models s, 6,
7
= = jAR

<z
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Jet substructure with subjets

Grooming Reclustering

lar le structure (“subjet” hardest part of the jet

* Reclustering jets with smaller resolution parameter
(r < R) with the original jet constituents

* Subjets are proxy for the hardest shower splitting

Experimental jet results in AA— Saehanseul Oh
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Jet substructure with subjets
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0, = Distance between two hardest subjets

RN
:' . \\\ I/'\\
‘\\\ ll< \\‘ \\\\ :\‘ 4—\\\\\\\
A K Osy. VAN
II ,’\ - \ N I\’(\ \\IB’ - \\
Grooming Reclustering LN, ,/-&‘\‘ 5\ e /&‘\‘ N\
/ P A
lar le struchiure (“sublet” hardest part of the jet / / S & \\\ ,:
* Reclustering jets with smaller resolution parameter
(r < R) with the original jet constituents

* Subjets are proxy for the hardest shower splitting

s jet quenching different for two 6, classes?

Experimental jet results in AA— Saehanseul Oh
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Jet substructure with subjets ——
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Lead SubLead
P + oy’

HardCore jets |_STAR, arXiv:2109.09793 | Matched jets
- T : — —— T ~ "~ T "~ T [ ~ "~ "~ T T T T
C 0-20% T ] L 0-20% T
0.25:— AuajAu, p+p VS = 2(.10 GeV —:_- STAR — 0.25:— Aquu’ p4p Y5 = 2?0 GeV —:— STAR J
[ Anti-k; R, =0.4, Anti-k_Rg, = 0.1 ] ptp®  AuAu 1 [ Anti-k; R = 0.4, Antik; Rg, = 0.1 T P+ ® AusAu 1
0.2 I 4R, <1.0 T Au+Au ] L 0.2 M R, <10 + Au+Au ]
3 : ] @ ® o ,>0.1 s . é I @ ® 6, >0
5 o £ % o450 $ o 1
Z t 1 @ W 0.1<86y<02 %._ r § T @ W 0.1<6g<02 ]
F r OOOQQQQQ 1 ] F ¢ T ]
€ oif ® I @ ¢ 02<0,<03 3 € o + @ ¢ 02<6,,<03 .
r 0@ @) I ] . L] 8 T
0.05 0 . + . 0.051- e T ]
— A e L T e T e — F———— ’O“T.I A B e L
0.25F Recoil Matched Jet 6, Selection T HardCore Di-jet Selection b 0.25 Recoil Matched Jet 65, Selection 1 Matched Di-jet Selection ]
[ A¢ (jet, HT) > 2/3 T Trigger p”e' > 16 GeV/c ] L A¢ (jet, HT) > 2/3 I Trigger pTVM > 16 GeV/c 1
[ HardCore Jets I Recoil p, l;t > 8 GeV/c ] 0 2: + Matched Jets I ] Recoil P 8 GeV/c
%—a 02:_ I ] %_’ . $
Sont O } S ors Ol 0
Z*0.15F + ¢ ] Z° 0.15F i “ + I 3
] © 1
. | Woaghe oA : d |
Z o W ¥+ [t k Z ot = + ]
- m O g o ; ¢ o ] = i E 1 ]
0.05] E 1 ¢ ¢ y ] 0.05f W 1 ¢ é $ ]
Ly ! ! !H“ TR Pt b |-‘ih!;.| L ST R |<>.Q.g_£| ]
0 0.2 0.4 06 0 0.2 0.4 0.6 0 0.2 0.4 06 0 0.2 0.4 0.6
A, A, 1A | 1A
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Jet substructure with subjets ol

» No significantdifference between 6, classes

* No observational evidence of characteristic signature of coherent or de-coherent energy loss

* Larger resolution/coherence length of the medium
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Jet substructure with subjets ol

— min(mZ 2 2
Jdi, = X
ATLAS, 5.02 TeV d1z = min(pr,y, pr2) X AR,
b T~ T 1 T T s r— 1 T
o - ATLAS Prellml_qary P 1 - ATLAS Preliminary
L Pb+Pb 1.72 nb”, pp 257 pb™, 5.02 TeV - L Pb+Pb 1.72 nb™, pp 257 pb™, 5.02 TeV
1.5k  0-10% - 1.5 ¢ 0-10% -
i " 10-20% ] [ % 10-20% 1 e N
o _ P _ .Small. d,, dependence for
i + 40-60% ] L +40-60% ] jets with a complex
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10_T _________________ +__,|__ A il N gl substructure, i.e./d;, >0jets
b 1 - 1 . .r . ..
N ] 14 3 |+ Significant difference in jet
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0.5l i d A : 1 o5k t b i g # i single subjet and jets with
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BRI r 1 L 3 1 multi-prong structure
- ly]<2.0,[200< p_ <251 GeV y  y[<2.0,@51 ] ¢
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\d,,[GeV] \d,,[GeV]

EI Jdi2 = 0 = Single isolated subjet
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er jet observables

PbPb 1.6 nb”, pp 302 pb™' (5.02 TeV)
ALICE Preliminary :
Pb-Pb, |5, = 5.02 TeV
charged ie’:sN. anti-ky c M s
E R=02n,/<07 ! Prompt J/y
5E 30< pcr"m <40 GeV/c Pruy> 6.5 GeV
—e— Pb-Pb0-10% ’ 0< p'.Je( <40 GeV

[ sys. uncertainty - InJ?I <2
pp PYTHIA8S Monash 2013 & Cent. 0-90%

<
I
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Jet acoplanarity

Thermal Mass Gluons

Experimental jet results in AA— Saehanseul Oh
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BERKELEY LAB

» Angular decorrelations between a trigger particle and its

recoil jet — Are we seeing discrete scattering centers or

effectively continuous medium?

ALICE, JHEP 09 (2015) 170 |

| ALICE '

| 0-10% Pb-Pb \[s_NN =2.76 TeV
Anti-k; charged jets, R =0.4

| 40<pl?>" <60 GeVic
TT{20,50} - TT{8,9}

| ® Pb-Pb: o =0.173:0.031(stat)=0.005(sys)
I W PYTHIA + Pb-Pb: o = 0.164:0.015(stat)

Statistical errors only |
I

| | 1 PRI R L
22 24 26 28 3
Ag

M I B
16 18 2

[ STAR, Phys. Rev. C 96 (2017) 24905 | |Mmamuhv
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Pb-Pb / PYTHIA
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ERaaRmaTE
£ ALICE Preliminary
£ Pb-Pb, |5 = 5.02 TeV
6; charged jets, anti-ky
£ R=025 |<07

E i
55 30<p™ <40GeVic
E Tiet

45 —e— Po-PbO-10%
3:_ [ sys. uncertainty

T T

E —e— pp PYTHIA8 Monash 2013

2F

1E

—o
————

———e—

.o
S
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e !

.5§=——+f_¢__‘_+ = El
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* Narrowing in central Pb+Pb collisions ¢ due to negative
radiative correction to (p% )? (Zakharov, EPJC 81 (2021) 57)
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J/w in jets

Does jet quenching depend on the
flavor of the parton?

T e Sl
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J/w in jets

| CMS, arXiv:2106.13235 |

STAR, 0.5 TeV, pp

_ %1073 PbPb 1.6 nb™, pp 302 pb™* (5.02 TeV) 6 PbPb 1.6 nb”, pp 302 pb! (5.02 TeV)
2 3 0.025 1+
= L . T I T T T T T
— m - - -
g 0.6 CMS ol CMS L ptp, §=500 GeV, L, =22.1pb" 1
L8 | PromptJhyp “F Prompt Jhy i . Lo et ]
° < o5 P, >65 GeV ok Py, > 6.5 GeV T 0.02- Charged jets, anti-k , R=0.4, [n"[<0.6 _
- 80 <p, ,, <40 GeV “t 80<p, A <40GeV g - P>10 GeVie, p.*>5 GeVie ]
g [ oml<2 ) = pp L | <2 > [ ]
o - 0.4~ Cent.0-90% Cent. 0-90% > |[A_0.015- ~* STAR Data —
S o] = PbPb : SIS L1l pythias: inclusive ]
L PO I I 0.8 5 > L Pythia8: inclusive JAy 1
0.3~ L -‘E’ S L 1
- P s 001 R
- 0.6~ * 22 L ]
0.2] p—— i 8 | e ]
1 ‘ 04-_ i —:‘— g - %‘@' ~
- - ' +._ Z 0.005 -
01 _._:F_t‘ss‘ 0.2 . T [ STAR Preliminary ]
——— g | i 1
i s, o rrll U PR T PP U PO 170 TR 8:“"”“”‘""'"“"”"""""""""""""'q
03 04 05 06 07 08 09 1 9703 04 05 06 07 08 09 1 4 05 06 07 08 09 1 11 1.2
z z z (p; /pJT)

> Jets containing a prompt (or inclusive) J/y

+ J/y produced with a larger degree of surrounding jet activity are more suppressed — Need to incorporate
Jet quenching + J/Ay suppression?

» Furtherresultscoming at RHIC energies
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Other observables
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» There are more results deserved to be mentioned.
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Summary

> Jets provide unique tools to study hot dense QCD medium

Jets in vacuum and in-medium: theoretically well controlled in many aspects (but not all)
Broad kinematic reach: probe the medium over a wide range in scale

Complex structure: many complementary observables that probe similar physics — require consistent picture

> Experimental jet results

Jet Raa and Ipa show consistentvalues for different Rand collision energy
Parton splitting process is modified by the medium
Jet classification based on subjet distance can shed light on medium resolution scale

Furtherresults expectedto be presentedat QM 2022, and more data coming with LHC Run 3, and RHIC
2023-2025 run with advanced detectors
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Thank you!
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Jet substructure with subjets

| ATLAS, 5.02 TeV |

» ATLAS measurements using reclustered large-R jets

N Cal. towers & UE - R=0.2 jets anti-k; jets = re-clustering with

}y subtraction p, > 35 GeV anti-k, R=1.0

/ Splitting scale (g re-clustering with &, (g Sub-jets
V d12

algorithm
k\
\\ Vdiz = min(p%’l,p%z)xAR%Z
/ b with two jets before the final clustering step
/
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Jet substructure with subjets

.
S

NG | ATLAS,5.02TeV |
N N » ATLAS measurements using reclustered large-Rjets
I,I \\)\/,r \,&\\ \\\

—
N \, ! Y . . .
AN —— \\ . .
Lo " .
\\\ “ / / \\
S 1 [
N 1 |
. 1 |
xxxxx J

e ® ‘ o‘ ‘
\
Py
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1 S
\ N
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\ 2N .
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. Conventional jet Reclustered jet
/’I/\)\ - \ \\\
\i\ * Reclustered jets are different to the conventional R = 1.0 jets
AN N * Trimming and 35 GeV/c threshold remove soft components
dr-" \\\ ‘E
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Jet substructure with subjets

RAA

Utilizing subjets, i.e. reclustering

ATLAS, 5.02 TeV

Single sub-jet

14<\d,, < 20 GeV
29<|/d,, < 41 GeV
59<|/d,, < 84 GeV

1.5

+ > > n e

osk  + §

[lyl<2.0 200<p <251 GeV
- Reclustered R ='1.0 jets
PR S R N T T T R N

——————r—————r—
- ATLAS Preliminary
L Pb+Pb 1.72 nb™, pp 257 pb™’, 5.02 TeV |

10..... ................................................................. —
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Single sub-jet

14<|d,, < 20 GeV

29<|(d,, < 41 GeV
59<|/d,, < 84 GeV

+ > = o

»> =

rlyl<2.0 251< P; <316 GeV

- Reclustered R =1.0 jets
PR | PR ST R B

T T T T

L Pb+Pb 1.72nb™, pp 257 pb™, 5.02 TeV

0 T

200

NP B
300

* Small {/d,, dependence for

jets with a complex
substructure, i.e. \/d;, >0jets

Significant difference in jet
quenching between jets with a
single subjet and jets with
multi-prong structure



