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Jet is a cluster of energetic particles moving in the similar direction.

Jet

Jet quenching: jet energy loss due to interaction between jet and QGP.
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The observation of hadron RAA from PHENIX and STAR indicates the
formation of quark-gluon plasma at high-energy heavy-ion collisions.

Phys. Rev. Lett., 2002, 88: 022301
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Phys. Rev. Lett., 2002, 89: 202301
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Jet-induced medium response in the form of Mach-cone-like excitation.|casaiderrey-Solana, Shuryak, Teaney,
2005; Ruppert, Muller, 2005; Gubser, Pufu, 2008; Qin, Majumder, Song, Heinz, 2009; Yan, Jean, Gale, 2017; ...]
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Phys.Rev.C 78 (2008) 041901
Jet-induced Mach-cone could extract the QGP properties
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Jet :

Medium response Positive: wake front (along jet direction)

Leading to enhancement of soft hadrons at large angle inside jet

Negative: diffusion wake (against jet direction)

Leading to depletion of soft hadrons in opposite direction of jet

¥Z'0-

9T'0— -

80°0—
000
80°0
9T'0
¥Z'0

Zhong Yang HENPIC 6



P+P

Pb+Pb
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Jet shape: measure the p; distribution inside jet

k /. Jjet
1 Zjets Zr<rtrk<r—|—5r(pg§ p;’_'lé)

p(r) = —
or Zjets Zrtrk<R(p:_GTk p“’?lét)

PLB 782 (2018) 707-716
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Enhancement of soft hadrons due to medium response leads to clear
enhancement of p; at large angle inside jet
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Jet fragmentation function
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This observable reflects the soft and
hard particles’ distribution inside jet.

We successfully see the enhancement
at large &/

1/ N7t dN/d¢)

PLB 810 (2020) 135783

-----------

.....................

[ jet+j.i.m.e
[ jet+j.i.m.e
[ jet+j.i.m.e

L_-. jetonly @ @ CMS0-10% .
CZ2 jet-only A A CMS 10-30%(+2) |-
c-2 jet-only W B CMS 30-50%(+4) |

p7t — 7| > Tm/8

_Pr>60GeV/e |m|<1.44

[ jet+j.i.m.e

[ jet+j.i.m.e
[ jet+j.i.m.e

L-_ jettonly @ @ CMS 0-10%

CC2 jet-only A A CMS 10-30%(+1) |
C-2 jet-only W H CMS 30-50%(+2) ||




EEC: Energy-energy correlators Jussi, Rithya, CMS group
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https://arxiv.org/abs/2503.19993

Positive: wake front (along jet direction)

Leading to enhancement of soft hadrons at large angle inside jet

full hydrodynamic respénse Medium response: 5f(p) ~ e—p-u/T

Medium induced gluon radiations: @ =~ A%§/2 ~T

: . _ 2w 2 A - A
Formation time: 7 = @ kr=qt, 1 ~4\/20/q

Mean-free-path limits the formation time: | 7 <A~ 1T g~ T°
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Medium-induced gluon radiation has the similar effect.
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full hydrodynamic respofise

Negative: diffusion wake (against jet direction)

Leading to depletion of soft hadrons in opposite direction of jet
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Effect is unique
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LBT: Linear Boltzmann Transport Model

CLVisc: CCNU-LBNL (3+1)D Viscous hydro model

1.LBT for energetic partons(jet shower and recoil)

2.Hydrodynamic model for bulk and soft particles: CLVisc

3.5orting jet and recoil partons according to a cut-off parameter pgm (2 GeV)

Hard partons: pdf(p) = — C(p) (p-u > pl,)
Soft and negative partons:

=) prs D = x)0(pl, — p - w)

4. Updating medium information by slolving the hydrodynamics equation with source term
6MT”” = j¥
5. The final hadron spectra:

(1) hadronization of hard partons within a parton recombination model
(2) jet-induced hydro response via Cooper-Frye freeze-out

Zhong Yang HENPIC
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CoLBT-hydro model: Medium response

CoLBT-hydro model: Hydro response

Theoretical background
subtraction:

We run model twice with and without
jet to subtract hydro background

bulk medium + Z-jet jet-induced medium excitation + Z-jet
5 GeV/fm? —0.4-0.20.0.0.2-0:4 0.6 0.8GeV/fm?
‘ I | V J J I J 1 I I
-8.0 -6.0 -4.0 -2.0 0.0 2.0 4.0 6.0 8.0 -8.0 -6.0 -4.0 -2.0 0.0 2.0 4.0 6.0 8.0
Y Y

Chen, Yang, He, Ke, Pang and Wang, PRL 127 (2021) 8, 082301

The Mach-cone-like jet-induced medium response including the diffusion wake
Is clearly seen in the right panel.
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' HENPC
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Diffusion wake valley(DF-wake valley):a valley is formed on top of the MPI
ridge due to the depletion of soft hadrons by jet-induced diffusion wake.
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We project the two-dimensional distribution onto the rapidity direction.

We get the double peak structure of rapidity correlation
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Mixed-event subtraction
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Z/y-jets events

is relatively rare compared to single inclusive jet (or di-jet) events

How to find signal of diffusion wake in di-jet events?

Relationship between diffusion wake and jet

.« no diff. wake

(a) : —_ rapiditY 9ap
Eta Phi . = no rapidity gap
Same as jet Opposite to jet
Challenge:

Diffusion wa
overlapped

unless di-jets have a clear rapidity gap!

Zhong Yang

<e caused by one jet will be

oy wake front of another jet,

ANcn(gap) - ANcn(no gap)
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We use leading jet as reference to get 2D plots

HENPIC

leading,jet

e > 120 GeV/c

p;ub—leading,jet > 90 GeV/e

Require leading jet with larger rapidity

Dividing events by taking ditterent rapidity

relationship between leading jet and sub-
leading jet

Miet.1 * Miern > 0 (small gap)
Niet,1 * Mier2 < O (large gap)

Valley caused by diffusion wake
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P e(1.0,2.0GeVic
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=== Njet, 1 Njet, 2<0
— Niet, 1 Njet, 250

0-10% Pb+Pb

An =nNh - Njet
Diffusion wake leads to a clear asymmetry of jet hadron rapidity
correlation at soft hadron p, range.
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ANpp - ANaa(lANg2] < 0.5)

Phys.Rev.Lett. 135 (2025) 7, 072302
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Mixed-event results

Phys.Rev.Lett. 135 (2025) 7, 072302
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When we calculate the difference between red(large gap) and blue(small) band, if the mixed-event background

is the same in both cases, does this mean that background subtraction is not necessary?
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The background in two cases is indeed similar.

But still has clear difference which affect result.

Close to

background free

dN/dAn
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170L——

2 3

L — Njet,Njet,>0

An =N = Njet

Since it is Az distribution, the back depends on jet rapidity,
which brings challenges to experimental correction. And

since we require 77;1 > 1], the dependence on the jet rapidity
could be little different in cases.
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Since the background in previous studies depends on jet rapidity. We use the # distribution instead of Az

We firstly focus on y-jet Red: |7jet| > 0.8 Blue: |7jet| < 0.8
200 PIE(L2CVE  pre4)CGeVe o4
S ...| (@ B nel>08 | (b) B ne|>08
= 195 - 135.0
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\S\\ < | B |n./<038 | B n.|<08 |yg
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The signal of DW is clear in the y direction

arXiv:2508.04194
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https://arxiv.org/abs/2508.04194

We calculate the difference of rapidity distribution between large jet rapidity and central jet rapidity.

A¢jet,h > /2.0 Jet as the reference
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https://arxiv.org/abs/2508.04194

We choose gamma as reference instead of jet.

dN/dnn(|njet| > 0.8) — dN/dnp(|njet| < 0.8)
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Background cancel automatically

PP baseline is not important
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This background free observable can also be calculated in di-jet events.

The same di-jets as we used before.

Focus on near-side of leading jet: Ag¢,,, , < /2.0

o

ol (a)

L Pt
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N L
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Events classification:

(1) Miet, Miet, = 0; @) Tiet,Mjet, < 0

We require: 1, > 0

(Suppress enhancement from medium modifications)

This new result is totally free of background.
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Energy lost by jets deposits into the QGP will induce medium response in
the form of Mach-cone-like excitation.

Medium response modifies soft hadrons distribution inside jet and reflects
on the jet substructure observables.

Jet-induced diffusion wake is a unique signal of medium response and
verified by experimental measurements.

Diffusion wake leads to a double-bump structure of jet-hadron rapidity
correlation which has been observed by experimental measurements.

Rapidity asymmetry is a robust signal of diffusion wake in di-jets events
and it provides background free signal of diffusion wake both in gamma-jet
and di-jet events.
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