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Jet quenching

® Jet quenching: modifications experienced by jets in HI with respect to p-p

® (Medium-induced) energy loss

¢ Qut-of-cone energy loss

® Jet and hadron suppression

e Color coherence effects

e Expected to modify the jet inner structure

® Not yet unequivocally seen in observables

® Medium response

® Medium recoils become part of the jet Jet

® Not yet unequivocally seen in observables
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Medium-induced radiation

® The main contribution to energy loss in the QGP is radiative energy loss
Dominant for light quarks and gluons

High-energy partons experience multiple scatterings with the medium
which induce extra gluon radiation (w.r.t. vacuum)

® During the formation time of the gluon multiple scatterings act coherently

w=zE k

LPM effect lp ~ —

Suppression of the spectrum for large formation times

® Resummation of multiple scatterings: BDMPS-Z formalism
Formally inthe softlimit: E — 00,z - 0 (w = zE finite)
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Jet quenching

e Traditionally, jet quenching aims at extracting properties of the QGP

® (: average transverse momentum transfer per unit length
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Jets 1n A-A

e Hard probes/jets () ~ pr, M,) are produced in the initial hard scattering

Hard particle

1 1

T, ~— K — < Ty

A)

Jets witness the space-time
system evolution (including the
pre-equilibrium stages)

Quarks & gluons out of eq.

Strong fields

® Most of jet quenching studies, set the quenching to start at the
initialization time of the hydro

No energy loss before hydrodynamization?

® How sensitive are jet observables to the initial stages?

Crucial to understand the apparent lack of energy loss in small systems!
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RAA and hlgh-pT Vz

® Simultaneous description of the charged hadron R, ,and high-p; v,
sensitive to the quenching in the initial stages
CA, Armesto, Niemi, Paatelainen, Salgado, 1902.03231
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Radiation in the IS

® But... delaying the start of the quenching is
not totally correct A 7,=17,=0

® Since we are ignoring (medium-induced)
radiation emitted before the formation of B)\7,= 7,>0

the QGP \r

C) 7,>7,=0

® To correctly implement no energy loss

(vacuum) in the initial stages we need: T

0 s L

e Emitter produced at 7, ~ 0 Extra medium-induced

p . .
radiation included
e Propagates in vacuum from T, 10 T,y = Thydro

CA, Apolinario, Dominguez,

¢ In-medium propagation from 7,, to L M. G. Martinez, Salgado,
arXiv: 2112.04593
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RAA and hlgh-pT Vz
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® Also confirmed without using the HO approximation
CA, Apolinario, Dominguez, M. G. Martinez, Salgado, 2211.10161
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D mesons

® Modified Langevin equation to account for radiative energy loss

Cao, Quin, Bass 1308.0617
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Li, Xing, Liu, Cao, Qin, 2005.03330

e Spatial diffusion coefficient fitted to the D° R, , ALICE data
e Very little effect in the hard sector
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B O O S te d tO p S Apolinario, Milhano, Salam, Salgado

1711.03105

® Jets coming from W decays start interacting later with the medium

¢ Controlling the boost of the top 9 Controlling when jets start to
interact with medium

o}
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t.top
(Ttot) = Vt.topTtop + VW TW + Td

® Energy loss will be reflected in the reconstructed W mass
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Boosted tops

® Reconstructed W mass as a function of the top pr: access to the medium

time structure
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® What about jets?
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The role of time

® Factorization picture between vacuum-like and medium induced emissions

Caucal, Iancu, Mueller, Soyez, 1801.09703

¢ Studies on impact of the choice of the evolution variable in vacuum-like
emissions — Different Lund plane trajectories e Cordeirars talk in HIP2094

aCR Sprev d/'l/ 1 dz . . . . °
e o s: virtuality, opening angle, formation time
S

A(Sprev,S) = €XpR ———
o T B o) 2

® To be sensitive to different medium time scales we also need to be able to
reconstruct the shower in formation times

T: Unclustering vs Parton Shower, 1st Emission
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Energy correlators in p-p

e 2-point energy-energy correlator of a p-p jet (as a function of the angle):

Z(”) I Z J ( dg Ezn Ejn Hard scale of the process
EJEd6

~Inclusive cross section to produce two particles i and j

e Angular scales in the 2-point correlator map into time scales in the

evolution of the jet: I QT Tm—— New preliminary
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Energy correlators in HI

¢ 2-point energy-energy correlator of a HI jet (as a function of the angle):

dE(n) 1 [ ddzj Eln E]n
dé - ; Z dEi’j dEJE.dO L O3 vacuum + medium-induced
H " —contribuions

e Angular scales in the 2-point correlator map into time scales in the
evolution of the jet:

g=1.GeVfm™!

RERC
r CA, Dominguez, Elayavalli, Holguin,
O

- :§ g =2.GeVm™ Marquet, Moult, 2209.11236
W 1072 m§=3.GeVim™! .
— Total ----- NLL Vacuum CA, Dominguez, Holguin,
...... //’in] . =5 Ge\|f,L=5 . I | | * | Marquet, Moult, 2303.03413
4%:;;2’::’19 10 -5 ."—4. 3 =2 -1 Ov
.....:..:,:..::::j ~ *_g':PT,i —-Q,@ ln H ﬂe

................... Increasing time
’ —

Carlota Andres 15 1S2023



https://arxiv.org/abs/2209.11236
https://arxiv.org/abs/2303.03413

Energy correlators in HI

¢ 2-point energy-energy correlator of a HI jet (as a function of the angle):

dE(n) 1 [ ddzj Eln E]n
dé - ; Z dEi’j dEJE.dO L O3 vacuum + medium-induced
H " —contribuions

e Angular scales in the 2-point correlator map into time scales in the

evolution of the jet: Jet quenching
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Jet broadening in the Glasma

® Hard partons deflected by the chromomagnetic
and chromoelectric forces in the Glasma phase
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Jet broadening in the Glasma

® Anisotropic broadening: larger along the beam axis than transverse to it

Accumulated broadening at 7, = 0.6 fm

RHIC LHC
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Ipp, Miiller, Schuh 2009.14206

. . . . o For the QGP phase:
® Anisotropic broadening — polarized emissions Hauksson, Tancu 2303.03914
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Jet broadening in EKT

® Between the Glasma and hydro phases within Effective Kinetic Theory:

Glasma

?

Kinetic

theory
Wd rodynamics
>
T
d<qJ2_> Lindenbauer’s poster

q = dr Outcome compatible with the Glasma results
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Jet broadening in EKT

® Between the Glasma and hydro phases within Effective Kinetic Theory:

Boguslavski, Kurkela, Lappi,
Lindenbauer, Peuron, 2303.12595

Cj - 10
asma —
. [:] [Hydrodynamics]
? — 7
. =
Kinetic C; B E. = 100 GeV
theory o Ejet = 20 GeV
e
Hydrodynamics 21 [QsiT.iocev
> ) __________
T 0. 10° 10!
7 (fm/c)
d < qJZ_ > Lindenbauer’s poster
9= dr Outcome compatible with the Glasma results
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Broadening of heavy quarks

Glasma EKT (mQ — 00)

charm quarks @1, = 0.06 [fm/c]
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poster Miiller, Ruggieri, 2303.05599

Relatively large and anisotropic

See also:
Boguslavski, Kurkela, Lappi, Peuron, 2005.02418 Carrington, Czajka, Mrowczynski, 2001.05074
Pooja, Santosh, Das, Oliva, Ruggieri, 2110.14610 Xiaojian Du, 2306.02530
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Broadening of heavy quarks
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Conclusions and outlook

¢ Jet quenching analyses usually neglect the initial stages

® Pre-hydrodynamization stages seem to have an important impact in
some observables: charged hadron R, » and high-p, harmonics

® More observables?

® Jets are multiscale objects. Can we use jet substructure?

® Theory calculations of broadening in the pre-hydrodynamics phases

¢ Impact on jet quenching phenomenology?

New jet quenching tools to explore equilibrium %
and non-equilibrium dynamics in heavy-ion collisions wm D( ECT
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Thank you!
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Raa and high-pt vo yahY

e Inclusive hadron suppression well reproduced by energy loss calculations

¢ Traditionally: difficulties to describe also the high-pr harmonics
Renk, Holopainen, Heinz, Shen, 1010.1635 Betz and Gyulassy 1404.6378 Xu, Buzzati, Gyulassy, 1402.2956

® Scalar product (EbyE fluctuations from the low pr sector):
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Raa and high-pt vo

® Also for DGLV (single scattering)!

Initial time of the hydro
and of the quenching

1.0~

0.8

0.6

b
c
0.4
W CMS
02- A ALICE
@ ATLAS
O I I 1 1 L O A l 1 I L L
0 20 40 60 80 100 O 20 40 60 80 100
0.2+
N
0.1
u=_ »-a
0 1 . -l f 1 1 ]
1 20 10 2 5 20 50 100
pl(GeV) p.(GeV)

Carlota

10-20%

Stojku, Auvinen, Djordjevic, Huovinen, Djordjevic arXiv:2008.08987

Andres

- 20-30%

23

1S2023


https://arxiv.org/abs/2008.08987

