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Energy-energy correlator (EEC)
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(1) Energy flux calculable p@CD
(2) Clear transition from perturbative to ngeerturbative: hadronization scale
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Jet EEC in Vacuum: LO

LO emission:
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(1) same powebehavior for quark and gluon at LO (2) Uncorrelated emission at small angle

N\

N ahde o Institute of Particle Physics
I’/;\\‘PP ALFYEWR AR

A UIBNR
C/TINNY




Jet EEC in Vacuum: Evolution

Leading Log evolution: .
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Different EEC for quarks and gluons
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Consequences of flavor dependence of EEC

-~ p+p Vs = 200 GeV et
-e-p+p Vs =5.02 TeV T

-dependence

lets vs.single inclusiveets TT =
2 : b2 \/g of EEC

PYTHIA 8.306, simple shower
-+ vy-jets
= Quark jets
-e-Single inclusive jet
= Gluon jets

PYTHIA 8.306, simple shower

anti-k; cluster, R = 0.4
jet

<1, (40 < pl" < 60) Gevie

pr—dependence of single
inclusive jet EEC

200-250GeV/c  250-300GeV/c  300-350GeV/c
—-- gluon jet —-- gluon jet —-- gluon jet
==- quark jet ==- quark jet ==- quark jet
™ N singlejet — singlejet —— single jet

p+p Vs = 5.02 TeV
anti-k; cluster, R = 0.4

jet
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PYTHIA 8.306

p+p v's =5.02 TeV
anti-kt cluster, R=0.4
INjet| < 1.0
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https://arxiv.org/abs/2502.11406

Resolving QGP scales with EEC

E=100 GeV, L=10 fm
B j=10GeV*fm™!

Mg =20 GeVfm!

B §=30GeVm!

Vacuum
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Resolving QGP scales with EEC

A Can EEC resolve the induced gluon emission in EIC
and heavyion collisions?

A Can EEC resolve momentum broadening of leading
partonsand recollpartons(medium response)?

A Can EEC resolve the angular scale-aféaium
parton collisions in EIC and heamn collisions
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Gluon spectrum from single emission in GHT

Generalized HT induced emission in a QCD brick medlym 2161 —ku| . = 8 -
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EEC from single emission in e+Pb
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Effects of hadronization: TMD Fragmentation
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Medium modification of ECC in EIC

Modificationmainlycausedoy momentumbroadening

nadron, ) = 100 Gey, xB = 0.3 hadron, = 100 Gev, ¥6 = 0.3
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Modification of single and dihadron spectra in EIC

Leading hadron spectra
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Nuclear modification of dijets & TMD pdf at EIC
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https://arxiv.org/abs/2104.04520

EEC from single emission in QGP
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Jet-induced medium response

(a) / T=4.6 fm/c (b)
e ‘
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bulk medium + Z-jet jet-induced medium excitation + Z-jet
1 2 3 4 5 GeV/fm3 —0.4-0.20.0 0.2 0.4 0.6 0.8GeV/f
CoLBhydro s e T R it aldnie st
Before After hydro background subtraction

R 17

Rarss Institute of Particle Physics
I’f\\P TR FPYEWER R

//,f\\\\




Modification of jets and medium response

1 1 p%vet (7“ — AT/Q, T —|— AT/Q) | 3 CoLBT-hydro
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Contributions from medium response
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EEC of a jet shower in a QGP brick

A jet shower In a brick in LBT

— K =4 () shower
+

— K=1.0

— K=0.2

1 vaccum

3
Debye mass: % = = K¢°T?
2 T=0.36 GeV

L=4 fm
Energy loss and momentum

broadening lead to suppression
at small angles

DY>100 GeV/c
p’*' > 50 GeVic, R=05

Radiated gluon and medium
response dominate at large angles
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EEC of gjets in Pb+Pb Collisions

CoLBBimulations:
Y
Pt > 50 Gevie, R=0.5 \\
Nyl < 1.44, |njerl < 1.6 N
10! — pi>10Gevic
 — p.’,7->2.0 GeV/c K=02-4
Enhancement at large angles by soft | L (- ph100evE
. -—= ph>20GeVic
hadrons from radiated gluons and | 7
medium response, sensitive pol '
CULS e by energetic hadrons from leac

showerpartonsat small angles are

suppressed, not affected T cuts
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EEC of Single inclusive jets

p-+p: PYTHIA 8

V5=5.02 TeV
— - anti-k; jet
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anti-k; charged jet
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Enhancement due to jets with reduced energy?

With jet splitting outside medium No jet splitting outside medium

PhPb 0-10% B 140< p-::t <160 GeV/c . PbPb 0-10% Il 140< p'- - <160 GeV/c
Vs =5.02 TeV BN 160 <p) <180 GeVic 2. Vs =5.02 TeV M 160<p) <180 GeV/c

anti-k.. bz anti-k, partonic jet et
anti-tp partonic je B 180 <5 <200 GeVic _ 7 partonic | B 180<p)" <200 GeV/e

parton _

arton . ~
pi " >1 GeVie

. I—".'

10
PbPb 0-10% Bl 140<p <160 GeV/e ' PbPb 0-10% B 140+ pf‘ <160 GeV/c
Vi=502TeV B 160 < P;[ < 180 GeVie 2. VI = 5.02 TeV B 160 -'pl.::t <180 GeV/c

aR_nt_l[l’;a charged jet B 180< PI;:[ <200 GeV/ec anti-ky charged jet M 180< pT 2200 GeV/c

hadrons
"I.Prellmlnary JE'FSC’ZAPE B
R, 7 =10
" Effect of hadronization dominates at small angle !
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Effects of hadronization

— (Jp =2.0GeV/c
— p =1.5GeV/c
— Op =1.0GeV/c
— p =0.1GeV/c

hadron

== parton

A PartonEEGit

small angle F
dueto rando Pythiagiet
correlation 08100 GeVic

A HadronEEC pet> 50 GeVic, R=0.5
sensitiveto "
hadronization

JETSCAPRBcreaseof the hadronization scal@,
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A Increased virtuality scale in medium leads to enhanceme

Single jet EEC from ColLBT

* pr>1GeVic gop=1.0
* pf>2GeVic qp=1.0

' S

EEC at small angle

A .Medium response leads to enhancement at large angi® R
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3D structure of diffusion wake

= 0-2 GeV/ . . .
i T 2 Jethadron correlation irgjet events
Pb+Pb A :

0-10%
Diffusion wake? rapidity valley
on top of the MPI ridge

Yang, Luo, Chen, Pang and XNW, PRL 130, 052301 (2023)
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Diffusion wake and jet energy loss

pr/pg ~ 1 Longitudinal tomography

gjet asymmetryp, e/ p,9 : proxy of jet energy loss

1

d>4 poH6> a>2

1

AoD6>,

p=1-2 GeV
pYpY < 0.6

—— ppY>1.0

L

d>g |nene> d>2
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hipY ~ 0.3
pT/pT ' Yang, Luo, Chen, Pang and XNW, PRL 130, 052301 (2023)
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Diffusion wake in di-jets

Jethadron correlation in djets with rapidity gap p+p 0-10% Pb-+Pb

pT€(1.0,2.0)GeV/ic

-

IAnle[.\]e:L,'(‘.O 60 1

Rapidity ordering convention: 1jet, > MNieto 4.0

 dN/dAddAN
, dN/dAGdAN

y - no diff. wake
> — rapidity gap
. — no rapidity gap

0-10% Pb+Pb

p}€(1.0,2.0)GeV/c

6.0]

4.0

s AN/dAGdAN

ANgn(nogap) - ANch(gap)
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Rapidity asymmetry as robust signal of diffusion wake

Away-side

Medium modification of
jet-hadron correlation

dNaa dN,
ANap = [ dA = bb
i / ¢ [dAgbdAn dAgbdAn]

Rapidity Asymmetry

Bl |Anq2|€(0.5,1.0)
B Az > 1.0

ANpA — ANAA(A"?jetl,jetg < 0.5)

&
o
'
o
=
d
=
<
=
<
-
<T
=L
=
<]

No background subtraction needed
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Initial position & azimuthal correlation

— random direction — pos X — heg_ X — pos Yy g—hadron Correlat|0n
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https://arxiv.org/abs/2001.08321

Asymmetric p; broadening in non-uniform medium

of PJ_ Of  4(TL) =2 /-
atE - 4 Vnl®7)

A A — —
q=¢qo+TL - a |

y Deflection due
to transverse

gradient along y

jet

Momentum
asymmetry

2
— R —». — e pJ_ —> 2
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Transverse gradient tomography

, Erd’pfo(p, V)pr - 1t
(p>3 GeVic) %L — f 3]? ‘]; (p Zp f
J d3rd3pfa(p,7)

drift due
to transverse
gradient along y

jet

He, Pang & XNWRL125(2020)12,122301

Jet energy los®\ propagation length initial jet position in x Longitudinal tomography
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Deep learning assisted jet tomography

PCN (point cloud network)

Input 1 Latent Features

[ )= [ttt |
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Asymmetric jet shape: azimuthal dependent
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Energetic hadrons at the core of jet are deflected away from center
Soft hadrons fronmedium responsat large angle flow into center

pY>60GeV|nY|<1.44 A{in[0.25,0.35]

Pt > 30GeV nit| < 1.6
anti—kr jetR=0.3
PF>°°¢ > 1GeV Ag;, > (7/8)1

_——//\

— P3¢ > 3 GeV/c
2 < pPc = 3 GeV/c
p3*s°c = 2 GeV/c

PbPb@5.02TeV0 — 10% A}, in [0.55, 0.65]

-3.0 -2.25 -15 -0.75 0 0.75 1.5 225 3.0

b

— rin [0, 0.1]
rin[0.1, 0.2]
rin[0.2, 0.3]

A}, in [0.25, 0.35]

anti —kr jetR=0.3,
pP$>°°¢ > 1GeV Adj, > (7/8)1

A, in [0.55, 0.65]
PbPb@5.02TeVO0 — 10%




Asymmetric jet shape at finite rapidity
Jet and longitudinaflow coupling

— rin[0,0.1]
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Seeing Mach-cone through 3p Azimuthal Correlation

p+p(gtjet) p>40 GeVic  0-109%Pb+Phytjet)
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Backto-back correlation due  Azimuthal uniform correlation
to momentum conservation due to mediumresponse:
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Summary

A Medium modification of EEC in EIC by pt broadening

A Medium-response dominates enhancement of EEC at
large angles in heavwgn collisions which is sensitive to
Interaction scale in medium

A Use 2D jet tomography to reveal the angular structure
of Machcone excitation

A Rapidity asymmetry as a robust signal of diffusion wake

A Future studies: ML improved 2D tomography and
constraint onEoS transport coefficients
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