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Motivation ’cransport

Heavy-ion collisions: Quark Gluon Plasma

Hard parton
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Bjorken 1982; Bratten, Thoma 1991,
Thoma, Gyulassy, 1991; Mustafa,
Thoma 2005; Peigne, Peshier, 2006;
Djordjevic, 2006; Wicks et al (DGLV),
2007; GYQ et al (AMY), 2008; ...

Jet quenching is one of the most
powerfull hard probe to investigate
QGP: parton energy loss, medium
response.

Xin-Nian Wang, M.Gyulassy, PRL68(1992)1480
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Schiff-Zakharov

ASW: Amesto-Salgado-Wiedemann

AMY: Arnold-Moore-Yaffe (& Caron-Huot, Gale)
GLV: Gyulassy-Levai-Vitev (& Djordjevic, Heinz)
HT: Wang-Guo (& Zhang, Wang, Majumder &
GYQ, Zhang, Hou)



Motivation | mass|ess quark Vs 9|uon G taruxz

Medium induced gluon radiation: Higher Twist

—_— sin
dxdk? dt k4 27 K% + x2M?

casmier factor : C, and Cr

splitting function for quarks and gluons: P(x)

(1+ (1 — x)2)(1 — x)

Pq— qg(x) = x
2(1 — x + x?)°
Pg—gg(x) = x(lx— :;

How to observe these differences?
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R, 4 1S not sufficient to expose the nature of
parton-medium interaction

stopping

broadening
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Motivation |
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gluon loses more energy than quark, therefore e e
e
change the hardron chemistry in A+A X Chen, HZ Zhang, BW Zhang, EK Wang
J.Phys.G37:015004,2010
' 1t1 W Dai, XF Chen, BW Zhang, HZ Zhang,
p‘ 11\ (P over T ratios are SenSItlve tO AEq /AEg EK Wang, Phys.Lett. B750 (2015) 390-395
Wei Dai (CUG) HF2024, Guangzhou, 2024.12.10 W Dai, XF Chen, BW Zhang, EK Wang, 3
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R., of averaged Jet charge is sensitive to the
changing portion of quarks and gluons
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Motivation

. . Pr.i
. g = - |:"'1"=R1'_jut| . . . .
jet girth: Z PTjer jet p, dispersion:
4 [
- =sssses gluon jets 2 5—_ == ratio for gluon jet
— . ~L ch
3'5; .......... . - quark jets [ == ratio for quark jet 40 < P < 60 GeV
3:_ H inclusive jets B —— caio for full let e
- inclusive jets: g/g fraction alteration 2 — ratio foriuttje | Jun Yan, Shi-Yong Chen, W Dai,
2.5F —— inclusive jets: ALICE data/MC i ratio for full jet (g/g) = = + BW Zhang, EK Wang  Chin.Phys.
< S Q_ § - C45 (2021) no.2, 024102
5 2281 | 40 GeV' < Prjet = 60 Gev oSt 1.5 Shi-Yong Chen, Jun Yan, W Dai,
o F : - BW Zhang, EK Wang Chin.Phys.C
1.5 I 46 (2022) 10, 104102
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The nuclear modifications of girth/p; dispersion distribution is much stronger for gluon jets
than that for quark jets.
Relative change of the quark/gluon fractions.
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Proposed in jets: PRL
130. 051901 (2023)

Nature 605 (2022) 440-446
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function of R
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carried by the emitted gluon
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Motivation

hard to compare in the splitting level.

ALICE:arXiv:2409.12687 [hep-ex]
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EEC height are visibly
dependent on jet types.
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C. Andres, F. Dominguez, J. Holguin, C. Marquet and |. Moult
Phys. Rev. D (2023)
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EEC for pure quark, gluon, and inclusive charged jets &

,
ol Jswn =5.02TeV Pb+Pb  ~*~ Pppincl o _
40 < p§',; < 60 GeV ~®- pp quark- 1. EEC for the quark-initiated jets
ST . -*- pp gluon- distributed at smaller Ry, compared to
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b_’td J,J ff *‘"'.-# \a'\
W 3r # e ,.'f \\:\ e . .
& e O 2. EEC for the quark-initiated jet is
2r o - Ay . . .
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. .
o 1 1 };h-g
2.0 —=- quark-/incl
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= I o initiated jets.
e L ittt T =ikl
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Model: imulating eavy quarks nergy ?@{&)ﬁiz%
with angevin equations L) s vy o s

Simultaneously describe light and heavy quark transport in the medium

Hybrid treatment of medium

The motion of heavy quarks in hot dense Browndsny woilon response:

medium can be regarded as Brownian motion | e

and described by modified Langevin equations: 0. © | —
xX(t+ A =%(0) + mAt (1) NG . -
» " % 2 " . SO N
pt+Af =p(t) —npp(OAt+E(ALt—Ppg  (2) e e ‘0

K= anET: 2T2/D5-,' ZJITDS ~ 4.0 is extracted b;/ a y° fittiné to the D meson
Rap data measured by CMS and ALICE.

Hard Thermal Loop (HTL) approximation:

Light quark deol asCqus, ET Radiative: Hadronization:
collisional : dt 2 In up  higher twist approach fragmentation + coalescence
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Unveil ing the EEC observable ) tahAF

YTHIAS . TABLE I: averaged number of particle pairs in jets: pp
pp anti-k , R=0.4, 15<p’:'<30 GeV
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Unveiling the EEC observable &) taesx

Observable is different for collaboration: Sum over pairs and jets ~ defined by ALICE, can

not normalized to unity

Soeo(Ry) = arath pTﬂ'pT’jid R! — Ry.:)dR!
EEC L)—N ‘AR ZZ 2 :( L L,zy) L

Jet RL—3AR jets 1,5 PT jet .
phenomenqlogy Energy weight
Egggres(;?ndmg IS pairs in jet ) % /o) Pa—
particle i ‘ i
Jet — particle | 8 x
number of particle pairs energy weight do /AR,
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Unveiling the EEC observable
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Wei Dai (CUG)

Energy weight subtracted:

Peak: pair-angle distributions are similar.
lighter tagging quark mass, the smaller angular peak be pushed

energy weight determines the EEC peak position.

Height: Nfotal/Nictal determines
the magnitude of EEC

therefore:
particle numbers in jetst——> pair-angular distribution height'

———> energy weight l

HF2024, Guangzhou, 2024.12.10 12



EEC observables for jet quenching G tarnrz

Pythia + SHELL Isolation study, weak is not considered

i [ [ [ inclusive jets —+CNM

- Eloss

B -jets [ D% jets quark jets nPDF=EPPS21
anti-k_, R = 0.4 Eioss*CNM
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enhancement: light- > D%- >B9- jets
suppression: absence of a mass-hierarchical pattern

the enhanced distribution at larger angles is not fully restored at smaller angles to suppression.
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o

i jet type BY- | DY |light quark-|inclusive
- AN, | ) (NI )pupp |1.8902(8.9286] 17.6994 | 21.7357
of Nt AR " AA/pp 5|1.3746(1.1919] 1.3393 || 1.1274
O anti-k,, R = 0.4, Vs =5.02 TeV o1
C 15 <P < 30 Gev ~0T-
£ L =T f pairs per jet
T [, e 9= s erorp per Jet,
osE- act the jet quenching of EECs
i . ~ A clear and unified broad shift of the pair-
i <weight> —¢ Brjets . . .
2 angular distributions towards larger RL.
_ PbPb, Eloss+CNM
215 N . L .
E T flat distribution of the weight modification, and under unity:
1
05 not only the loss of the total energy of the jet but also the
e+ v vvvn o ..) increasing number of particles in the jet
1072 r 107
L
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=&~ PbPb/pp w/o response
—4— PbPb/pp w/

L5 —e~ PbPb-pp w/o response

1.0 s
o
o
v .
= charged jets 40 < pjet,T < 60 GeV
T 05 anti-kt, R=0.4
0
o

0.0
-0.5
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1. shifts toward larger
RL and smaller RL at
the same time.

2. It has to be two
effects competing with
each other.

HF2024, Guangzhou, 2024.12.10
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N ANy . 00— -
EEEC (RL) the?;tal : N;g};glAR (RL) (Welght) (RL) 0.0 f_ 40<p:.:et<60 GeV *pp _f
25 . . S I l - \ 0.04 f_ anti-k.,., R=0.4,|§=5.02 TeV 4 AA _f
u . ] < ¢ .
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T o[ e PP most of the g 003 —— ]
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3 15 - . . = :*: .
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) 55_ =0=+ x:::_z 1.5:— ]
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| S S _ e f
15[ RagE The A+A/pp ratio of o5tk E
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© . . . . . —
S | EEC ratio, with slight 0 10
- 1 L
3 1 overall enhancement
T due to the pair number minor modification for energy weight.
il increasing
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Selection bias effect

The global geometrical property of jet events in high-energy
nuclear collisions g 'y, chen, WD, S. L. Zhang, Q. Zhang and B. W. Zhang

B Eur.Phys.J.C 80 (2020) 9, 865
2:_ (s=5.02Tev @  survivaled o Survived: 40 <prje< 60 GeV in pp, remain in A+A
B jet
: 40 < Py < 60 GeV falldown | fall-down: prye> 60 GeV in pp, fall into A+A
o <1 D , : -
we P g Something we don’t want, but influenced by jet
Z —o- qguenching
L o + "" o - gt TEEELELEEELL
i Energy loss — particle pair angular wider - EEC
0.5~ shifting toward larger R;
- L o selection bias effects —» — EEC shifting toward
1072 107" smaller R,
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Quark vs gluon

—&— W/0 response
~7- w/ 40<pfiFT <60 GeV

=a NOEIN = 44,25

M —ay- Nmf_:ﬂfermtaf =46.154 MPEJ;F{RL}” A -y Nmpaffwmtaf —88.93

Pythia generated purgiquark-
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—4&— w/o response
~v- w/ 40<p?" <60 GeV

2 —i—  Ntetalytetal — g4 88

pair 77 jet

pair 77 jet

and pure gluon jets

HF2024, Guangzhou, 2024.12.10

RN ES

/ CHINA UNIVERSITY OF GEOSCIENCE!
RN - WUHAN

gluon jets:

shift toward two
opposite directions
In the AA/pp ratio

guark jets:

less selection bias
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Quark vs gluon

S .
- o gluonjet ARAL, decrease gluon energy loss: two shifts
4— quark jet, AE,=AE, both reduced but not vanish
o_ 3F s =502 TeV Increase quark energy loss: shift toward
- 40 < P < 60 GeV larger R; enhanced and keep the
°r o Suppression at smaller R; unchanged
- mainly determined by the initial EEC
b o o . ] distributionin p+p
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AA/pp ratio of EEC for gamma jet

.
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y-tagged jets — quark jets

inclusive charged jets — gluon jets
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double ratio of EEC

2 :— ° gluon jets/quark jets
- N | a clear enhancement with the decrease of
(s —e— inclusive jets/y jets R; which show the enhancement of gluon
5 e o EEC at smaller R; corresponding to the
B — . . .
HJ:Ié - —o—- stronger selection bias effect for gluon jets.

a suppression with the increase of R;
which shows a stronger broadening
effect brought by the energy loss effect
R for quark jets.
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conclusion &) tawhxz

1. The jet quenching patterns (A+A/p+p) of the quark jets and the gluon jets can then be
separated in the investigated region.

2. The differences are mainly determined by the initial EEC distribution in p+p and are not much
affected by the energy loss differences between quark and gluon.

3. Propose the double-ratio of the A+A/p+p ratio of EEC for inclusive charged jets and the y
tagged jets to demonstrate the quark vs gluon discrimination in jet quenching.

4. The jet quenching effect on the EEC observable was analyzed based on three unraveled
factors.

5. The jet quenching effect will cause the pair angular distribution to shift towards larger values
and increase the number of particles per jet. This redistribution of energy within the jets
suggests that the already reduced jet energy is redistributed among a larger number of
particles, leading to a reduced energy weight per pair. ----- an interplay

Wei Dai (CUG) HF2024, Guangzhou, 2024.12.10 22
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Jet substructure ?  Energy-Energy Correlator

Wei Dai (CUG)

Small angle « - - Large angle
Increasing t, decreasing p

3.0

Two-Point Energy Correlator

¢ CMS Open Data

lLL
B NLL

2.5+

Partonic degree of
freedom: increasing
splitting probability

towards smaller angle

doggc
dR;

AKS Jets, |n| < 1.9

arXiv:2205.03414 pr = 500-550 GeV |

PRL 130 (2023) 051901 0g

0.050 0.100

RL
Scaling:  Different time scales of jet evolution imprinted in different angular scales

Calculable in

Grooming
&

.~ Reclustering

~ \pot necessary

Simplicity: Soft contribution power suppressed by energy weight: no need for groomings

Control:  Well understood pp baseline, medium modifications perturbatively calculable

Separation of scales

24
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6dz/dé

6dz/de

Jet substructure ? Energy-Energy Correlator in heavy-ion collisions

gamma-jets
0.10
10! — R
PbPb/pp K=4.0
0.08 - Noplict  — K=10
0.06 -
0.04

¥ > 100 GeVl/c
pF' > 50 GeVic, R=0.5 N

[Nyl <1.44, |Njet| <1.6 ¥

10! =—— pf>10GeVic
— pi>20GeVic

100 === P7>10GeVic
== pl>20GeVic

=02-4
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Yang, He, Moult & Wang, PRL 132, 011901
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(_)1023 i i E
u.| - anh-kT jets, A= l}.ﬂ =
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N 10E b E
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E ]
2 1 3
- arXiv:2407. 13818 +ﬁfa :
10°'F —= Vacuum +-E
- —«— Medium w/ wake ]
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change the shape at 8 = 0.3

HF2024, Guangzhou, 2024.12.10 25




Jet substructure ? Energy-Energy Correlator in heavy-ion collisions

W. J. Xing, S. Cao, G. Y. Qin, and X. N. Wang arXiv. 2409.12843
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Flavor (mass) hierarchy in the nuclear modification of jet EEC:

* For charged jets , the EEC spectra gets a strong suppression at intermediate
angle, and gets enhanced at small and large angles.

* For heavy-meson-tagged jets, both suppression and enhancement become
weaker.
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Jet substructure ? Energy-Energy Correlator in heavy-ion collisions
In our work, we study nuclear modifications of EEC

to investigate: discrimination power on quark and gluon quenching effects in heavy-ion collisions

casmier factor: C, and Cy

splitting function for quarks and gluons: Z(x)

mass hierarchy of jet quenching in heavy-ion collisions

AEjigne > AE; > AE,
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EEC observable-- state of art
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Inclusive jets and gamma-jets

CoLBT Hybrid model
Yang, He, Wang Pablos, Kudinoor, Rajagopal
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3
MS Preliminary 120 < jet P, <140 GeV up = 5Kg*T?

antl-k R=04
miotl <1.6

0.10

PbPb/pp

0.08 - No pf cut

Q ] ® 006
B hs)
%‘% 1 . 8 o
o - 1 8 o
" B PbPb 0-10% / pp ] 0029
057 |ColBT,q=05  pP>1GeV AL el
: - COLBT q-1 0 n-1 ] 0108 PoPb/pp —— pP>20GeVic k=4
1.5 ' - Data syst unc. — - Data stat. unc. | 2 006 — 0 e ZIZLSZ’;ZX
Sle | 5
_q:J 8 1-— - 0.02
- - ] 0.00 0-10% Pb+Pb /Sy = 5.02 TeV
0.5; ) - 102 10 10°
1072 107 R
L
See also: Yang, He, Moult, opportunity to probe
Wang, 2310.01500 jet-medium interaction
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EEC observable-- state of Ty tannxs
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Inclusive jets and heavy flavor jets

hard to compare, only mass—effect?
W. J. Xing, S. Cao, G. Y. Qin, and X. N. Wang

i o T T T 1T 1T rrr T T T 1]
arxiv. 2409.12843 < 25F ALICE Preliminary L pyTHIA
Nﬁ 10< p°“ <15 GeVie, E 0.5 ==Inclusive jets
2F 5< p <15 GeV/c, Iy J < 0 8 nght quark jets

3 ! T 1 02 T T wf= Inclusive jets = D"-tagged jets
——— AA: charged jet 0-10% PbPb@5.02 TeV h i -
25k [ = = AA: Djet R=04, |'r|jm|<0‘5, b jEI>4()GeV o1k i 1.5 "!-D -tagged jets -
— + AA: Bjet " T £ pQCD (NLO)
0——o0 pp: charged jet py >1GeV
o- — —a pp: Djet U'F-‘hl-\ﬂ--_,'\_. .................................
A—.—A pp: Bjet &
L -OllF
2 05
chagred jet 0
-0-3_ ——DJe[ _ 12 L] L L} L rllll L] 1 L]
— - Bjet T, 1
Tl20.8
b PR | 21> 0.
10° 10" ra) EXX)
0 204
Flavor (mass) hierarchy in the nuclear modification of jet EEC: " g'g === ::: Ll

* For charged jets , the EEC spectra gets a strong suppression at intermediate
angle, and gets enhanced at small and large angles.

D'-jet(PYTHIA)
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* For heavy-meson-tagged jets, both suppression and enhancement become 28'3
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