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Medium Response to Jet Propagation

* By energy and momentum conservation,
lost jet energy goes into medium

* Typical form of medium response to jets
= enhancement in the jet direction
= depletion in the opposite direction
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Medium Response to Jet Propagation

* By energy and momentum conservation, =nhancement

lost jet energy goes into medium x|8 €

* Typical form of medium response to jets 0
= enhancement in the jet direction ~0.75
= depletion in the opposite direction

G.-Y. Qin et al,
PRL 103, 152303 (2009)
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Why is medium response important to understand?

* Medium response changes the internal structure of jets
e.g. jet shape, fragmentation function

= Essential to describe the jet (sub)structure precisely

* Medium excitation is directly related to the QGP properties
= e.g. 1/, jet transport coefficient, jet thermalization dynamics

R. B. Neufeld, PRC 79 (2009) 054909

nls = 1/4rn nls =3/4rn

Jet
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Radius-dependent Jet Raa at high-pr

small R p large R
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$ larger suppression at large angle?
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= Hybrid w/ wake

— Hybrid w/o wake
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* At high jet pt (400-500 GeV), relatively small R-dependence in data

* The trend between prediction w/ and w/o medium response for different

models is the same; higher REA/REZOQ
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Radius-dependent Jet Raa at low-pr

small R p large R

ATLAS pPLB 719 (2013) 220

ALICE PLB 849 (2024) 138412
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mo - Pb+Pb VS—NN =2.76 TeV O = 10 /O - . 4 AL|CE, 0-10% Pb-Pb ﬁ ]
o 1.8_—JL dt =7 ub™ ATLAS — _ Ch-particle jets, anti-k- _
e R *R=03 - — —
1.6:— """""""""" "= R=04 _: i i
R 1 e *HA=05 - B g v [ i
el oo } * -------------------------- g :_ :
1.2f ------ : Rt I S A i
N 5 .
T
0.8: | | | | — - 0'4-_|I|ALICE Data ~1Mehtar-Tani et. al, g B
4 50 60 70 100 200 s CMeperiametand,
p_[GeV] 0.2 - JEWEL w/o Recoils - Hybrid Model w/ Wake —
" mm Factorization mmJETSCAPE v3.5 AA22 -
> ATLAS data shows Rep (R=0.5) > Rep (R=0.2) i T T
20 40 60 80 100 120 140
* ALICE data shows Raa (R=0.6) < Raa (R=0.2) Py i (GEVIC)
* Tension between ATLAS and ALICE, but there are differences
- full jet vs. charged-particle jet
- 1 range — quark-jet fraction difference, pr spectrum difference in pp
Yeonju Go LHCP 2024 June 3-7 5



Hadron-triggered Jets: pr dependence
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* Low-pr jet (10-20 GeV) enhancement

= significant difference between models w/ and w/o medium response
= data described by models w/ medium response (Hybrid w/ wake, JEWEL w/ recoil)
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Hadron-triggered Jets: pr dependence

< B | | | | | | | | | | | | | | | | | | | | | | | | | | _I
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* Low-pr jet (10-20 GeV) enhancement

= significant difference between models w/ and w/o medium response
= data described by models w/ medium response (Hybrid w/ wake, JEWEL w/ recoil)
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Z-triggered Hadrons: pr dependence

A¢(Z, hadron) > 3x/4 or Tn/8

/ BN
Hadron

V4

hadron s A7Z
Y] Pb+Pb /N Pb+Pb

I —
AA hadron /
YPP /NPP

* Access to Initial hard-scattering using electroweak bosons, e.g. Z
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Z-triggered Hadrons: ptr dependence

A¢(Z, hadron) > 3x/4 or Tn/8
>
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* Access to Initial hard-scattering using electroweak bosons, e.g. Z

* Low-pt hadron enhancement
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Z-triggered Hadrons: ptr dependence

CMS PRL 128 (2022) 122301 ATLAS PRL 126 (2021) 072301
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* Access to Initial hard-scattering using electroweak bosons, e.g. Z
* Low-pt hadron enhancement
= models w/ medium response ( and ) describe the data better
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Jet Shape: Angular Distribution

CcMS Leading jets
Jet axis JHEP 05 (2021) 116 [ Jo7< p$h< 1 GeV [ ]2« p$h< 3 GeV
1< pih< 2 GeV KR p$h< 4 GeV

PP All dijets
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jet

» Jet shapes have been measured for leading jets of dijets for different x;
* At /large angle, enhancement of low pr particles at larger angles
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Jet Shape: Angular Distribution

Jet axis

CMS
JHEP 05 (2021) 116
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» Jet shapes have been measured for leading jets of dijets for different x;
* At /large angle, enhancement of low pr particles at larger angles
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Hadron-Jdet Angular Correlation
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» For high-pT jets, no significant A¢ dependence found
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Hadron-Jdet Angular Correlation
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» For high-pT jets, no significant A¢ dependence found
* For low-pT jets, hadron-jet acoplanarity broadening w/ large R
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Hadron-Jdet Angular Correlation

ALICE 10 < p)*'< 20 GeV 20 < p)”'< 30 GeV 30 < p)'< 50 GeV

Agb(hadron,jet) eeriv:2308.1613110""I."I""I"III B
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» For high-pT jets, no significant A¢ dependence found
* For low-pT jets, hadron-jet acoplanarity broadening w/ large R

» Data described well by JEWEL w/ medium response
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Z-hadron Angular Correlation

Ag(Z, hadron)

/ s

\)
QGP y

hadron trig
Pb+Pb / N Pb+Pb

hadron / A7tT18
Ypp /Npp

IAA —

Yeonju Go

- Pb-Pb  Cent. 0-30% -

20:' o PP
pf > 30 GeV/c
ptTrk >1 GeV/c

Hybnd
7Z)wlo wake

L ICoLBT

_ w/ wake

E EEEEE NN N W in
1.5 2 25 3
A(l)trk,Z (rad)

LHCP 2024 June 3-7

05 1.

CMS PRL 128 (2022) 122301

* Low-pr particles (~1 GeV)
broaden towards larger angles

* Models w/ medium response
( and ColLBT)
describe the data better

R+ Broadening

10



Z-hadron Angular Correlation
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1 1.5 2 25 3

CMS PRL 128 (2022) 122301

* Low-pr particles (~1 GeV)
broaden towards larger angles

* Models w/ medium response
( and )
describe the data better

R+ Broadening

: "« Enhancement at Ag ~ O is

described by CoLBT with
multi-parton interaction (MPI)

= diffusion wake (depletion)
IS buried in MPI
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Jet-Hadron Correlation in Photon-Jet Events

* Modifications in jet direction are convoluted with in-medium
parton shower modification and medium response

= diffusion wake (depletion) present in the opposite jet direction

A¢, An(hadron, jet)

Yeonju Go LHCP 2024 June 3-7
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Jet-Hadron Correlation in Photon-Jet Events

* Modifications in jet direction are convoluted with in-medium

A, An(hadron, jet) parton shower modification and medium response
,{\ . = diffusion wake (depletion) present in the opposite jet direction
,, \\a “““
vadron @ 0 Jet » Jet-hadron (A, An) ~ (x,0) in y-jet events
y . A ) = unambiguous diffusion wake signal
7 QGP
\/ K Di-jet difftision wake}
........ . wake ¢
‘d'ffuS'C_?»Q;'Wake“"j.'.ii"‘“”"'""'"b'arton shower 4
Twake ““““““
% parton‘shewer -
““““““ \)yakeT
ret . partor.shower 4

Qdiffusion wake J
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Jet-Hadron Correlation in Photon-Jet Events

* Modifications in jet direction are convoluted with in-medium
parton shower modification and medium response

,\/_\ — = diffusion wake (depletion) present in the opposite jet direction

A¢, An(hadron, jet)

Hadron @ . Jet . Jet-hadron (A@, An) ~ (x,0) in y-jet events
d\k/‘:/\/\‘ """"""""""" = unambiguous diffusion wake signal CoLBT
V€N~ QGP PRL 130, 052301 (2023)
(b)
/ f ..... \ pr=0-2GeV/c
Di-jet qlffusmn wake S0
............ \wake t PPl 2l
¢d|ffus|on Wak@....‘.‘.‘:: .............. Saron shower T g
Twake ““““““ E
4 parton ‘shower - |
........ . wake ¢
ret . partori.shower 4

lllllllllllllllll

Qdiffusion wake j
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Jet-Hadron Correlation in Photon-Jet Events

A¢, An(hadron, jet) o ¥ corr/ Y, uncorr ATLAS

= Relative yield ratio btw signal and mixed events CONF-2023-054
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Jet-Hadron Correlation in Photon-Jet Events

A¢, An(hadron, jet) o ¥ corr/ Y, uncorr ATLAS

= Relative yield ratio btw signal and mixed events CONF-2023-054
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N7t dAndA¢ |An(jet, track)l

* No significant diffusion wake signal within the current sensitivity in data
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Jet-Hadron Correlation in Photon-Jet Events

A¢, An(hadron, jet) o ¥ corr/ Y uncorr ATLAS

= Relative yield ratio btw signal and mixed events CONF-2023-054
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* No significant diffusion wake signal within the current sensitivity in data w}\/ﬂ‘

I
¢ : 0.03
J
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Y. |Y
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CoLBT
|
0

dwr) corr

unco")xdy=0.3-0.6

o
‘ L[ ] .
‘ - -
* . .
* . [
o* .
*

» Data provides limits on double ratio amplitude
= 95% CL upper limit of 0.0095 does not rule out CoLBT prediction of 0.0018

= Stat. uncert. dominates in probability distribution; more statistics would be valuable
Yeonju Go LHCP 2024 June 3-7 12



Summary
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Summary
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* Medium response is essential to precise jet measurements and allows direct access to QGP
bulk properties
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* Medium response Is essential to precise jet .n.feasurements and allows direct access to QGP
bulk properties

* LHC measurements on the medium response to jet propagation
= Enhancement of low pr particles at large angles w.r.t jet axis
= Acoplanarity broadening

= Hint of diffusion wake signal
= Mild R-dependence of jet Raa at high-pt, tension between experiments at low-pr
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* Medium response Is essential to precise jet .n.feasurements and allows direct access to QGP
bulk properties

* LHC measurements on the medium response to jet propagation
= Enhancement of low pr particles at large angles w.r.t jet axis
= Acoplanarity broadening
= Hint of diffusion wake signal
= Mild R-dependence of jet Raa at high-pt, tension between experiments at low-pr

* Precise experimental measurements with large statistics will help constraining models and

understanding the jet-QGP interaction mechanism
Yeonju Go LHCP 2024 June 3-7 13



2018 Pb+Pb 1.7 nb”" {5, = 5.02 TeV PbPb 1.7 nb™ (5.02 TeV) pp 320 pb™ (5.02 TeV)
. =5
> i P L L L L L N I LB L) I a — 1.8 - . . —— : : : : —— 3 i .
- = 0.08 -~ ATLAS Preliminary 90 < p?h< 180 GeV g_./ - SPHENIX BUP 2022 | . Cent: 0-10%
- % ’ E Centrality 0-10% p: >40 GeV E :E 1.6 — 0-10% Au+Au, Years 1-3 ]
F Q  0.07 |- Ag(et,track) > n/2 In'l <2.37, 17" < 2.5 3 < - L 62 pb! samp. p+p .
- o C 0.5< p* <2.0GeV A¢(y,jet) > 3m/4 7 5 14p 21 nb” rec. Au+Au ]
0.06 — | track T —] g:/ B ]
- - I <25 . s 1.2+
C 0.05 - Width (Odwr) for = Ay N ]
~E - double ratio = 1.033 3 | S EY P — ]
n 0.04 — - ]
- 008 3 E 0.8 —= SPHENIX R =05
- £ Il %CL - 0.6 % = ALICER"=06 ]
5F 0.02 |- [l 95 % CL = ] s —— ATLAS R™ =05, Rsp 1 e 1
of 0.01F = 10<p, . <20GeVic | 0.4 | = CMS R*® =06 — | Antiky jets, R=0. b M <5 6
C . ’ : : : : —L : L L L L L — Su TC
0 20 40 60 80 100 120 140 oE lllllllllll C 0? e | pled> 120 GeV, pi*° > 50 GeV A(p|>€
. GeV/C TN T A Y TN T TN NSNS T A T T T T S Ty T I N T T T A jet l l I | | ; | | l : : I | | | | 1 |
Pt et ( ) | -0.03 -0.02 -0.01 0 0.01 0.02 0.03 2 25 3 p. [GeV] 0 0.2 0.4 0.6 0.8 1
Amplitude (bdwr) for (Ycorr/ Yuncorr)XJY=0_3_0.6 /( Ycorr/ Yuncorr)xdy=0_8_1_0 qu (rad) AI’

* Medium response Is essential to precise jet .n.feasurements and allows direct access to QGP
bulk properties

* LHC measurements on the medium response to jet propagation
= Enhancement of low pr particles at large angles w.r.t jet axis
= Acoplanarity broadening Th arll k y ou !
= Hint of diffusion wake signal
= Mild R-dependence of jet Raa at high-pt, tension between experiments at low-pr

* Precise experimental measurements with large statistics will help constraining models and

understanding the jet-QGP interaction mechanism
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Ungroomed Charged Jet Mass
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Ungroomed Charged Jet Mass
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e Ungroomed vs Groomed

= Ungroomed jets; sensitive to
medium response

* Hint of shift towards low mass
iIn Pb-Pb compared to pp

» Data slightly favors
than
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