« jet-quenching »
a brief theoretical overview

Stephane Peigné
SUBATECH, Nantes
peigne@subatech.in2p3.fr

France-Japan workshop on physics analysis
in the ALICE experiment
Sainte-Maxime, March 2015, 14-17



mailto:peigne@subatech.in2p3.fr
mailto:peigne@subatech.in2p3.fr
file://localhost/Users/peigne/Desktop/eq1
file://localhost/Users/peigne/Desktop/eq1

o « jet-quenching » as QGP signal (Bjorken, 1982)
medium-induced [\
parton energy loss §
=g jet-quenching in - N
A-A vs p-p U
A

o Bjorken estimated collisional energy loss
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Bjorken’s ‘jet-quenching’ idea opened a vast field
in QCD theory and phenomenology

l. QCD predictions for AE,,;t0n and
associated quenching weight P(¢)

== single hadron observables, e.g.
yield in AA
Necoll - (yleld n pp)

hadron

RAA (pT7 Yy, - -) —

2. Medium modifications of true jets
== jet fragmentation functions D(z)

== jet shapes



|. Brief history of induced parton energy loss

4 at large L, radiative loss ‘should” dominate

AE'rabd > AEcoll

Gyulassy & Wang 1993

4 features of induced radiation depend on kinematics

S.P. & Smilga 2008

(1) tast parton suddenly produced 1n nuclear medium
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(2) forward scattering of fast ‘asymptotic parton’
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(1) energetic parton suddenly produced in medium
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when w exceeds GrL*, t; saturates at ¢ ~ L
due to suppression of t; > L
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4 average energy loss
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some sources of theoretical uncertainty

o different formalisms:
opacity expansion, multiple scatterings, higher-twist, AMY

o different working assumptions:
medium properties, parton kinematics

at finite E or small L, AE.; < AE,,q hot guaranteed

e different models for QGP evolution

e usually, energy loss at leading order with fixed o



higher orders in &ty may change parametric dependence
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effect of radiation on pt-broadening (in DLA)
Liou, Mueller, Wu (2013)
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log squared modified by running coupling
[ancu & Triantatyllopoulos (2014)

result beyond DLA not known
—> difficult to claim better accuracy than factor 2



e within theoretical uncertainty, quantitative agreement
between PQCD predictions and several data features:

Rhadron 'hack-to-back dihadron azimuthal correlations, ...

== 'CONsensus’: « jet-quenching » observed via inclusive
high-pt hadron production in AA is mainly due to

AE = AEZM (+ AE.n)

rad

need for other observables to discriminate between models

at LHC, high statistics for fully reconstructed jets
== jet internal structure: jet shapes, FFs

but also: parton energy loss in other (simpler) situations



(2) forward scattering of fast ‘asymptotic
parton’ crossing a nuclear medium

setup: high-energy p-A collision in nucleus rest frame

(Arleo, S.P., Sami 2010) ,
p"- - —— tpL

Z1 29 Zh n

e tag energetic hadron with p'/ |, > /4L

e parent parton suffers:
e single hard exchange ¢, ~p’,

o soft rescatterings (3 = () (;1)> ~4L~ Q2 < q]

mnitial/final state interference

associated to large tf > L




Increasing t ¢
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J/psi suppression in pA collisions
from parton energy loss through cold matter
Arleo, S.P,, 1204.4609 and 1212.0434
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J/psi suppression in pA collisions

go fixed from W/Be E866
J/1) suppression data... E866 Fe/Be

02:_ g, = 0.075 GeVZfm (fit) { -, =0.075 GeV2/m
: 0.2} 0~
E866 Vs = 38.7 GeV | | EB866 Vs =38.7 GeV
02 0 02 04 06 08 1 0 0.2‘ T S
Xe Xe
...and used to predict A—dependence well

R\ for other A, /s reproduced
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4

3 -2 -1 0 1 2 3

coherent induced energy loss (AE « F)
explains J/psi suppression in pA collisions

from fixed target to collider energies
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extrapolation of the effect to AB collisions
Arleo, S.P. 1407.5054
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J/psi suppression in AB from cold energy loss
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2. Medium modification of jets

sketch of angular ordering in vacuum (DLA)
(Dokshitzer, Khoze, Mueller, 1royan: ‘Basics of PQCD’, 1991)

e parton branching procesy wi, K11 1
thard ™ 5
Mhard ~ ® 1 w10}

e associated soft gluon radiation spectrum

w, k1
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origin of collinear Loqg

° o o 1
consider gluon formation time ¢; ~ 3
W

(I) tf < thard < i > (9%/37 = 0> 04

o bl (L)

color
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== collinear log arising from diagram satisfying the rule:

(R) ‘emassion angles strongly decrease along the chain’

strong angular ordering



(i) tr > tharg © 07 <€ 07 /2
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| 90,
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== |ogarithmic angular regions:

e 1K 0 — ffy satisfies (R)

o 60— 0, <0 «— 5 }y satisfies (R)



e 0> 0 =

M () (), ]
7 (O ey d ) satisfies (R)

color

color coherence:

for 0 > 64, soft gluon cannot probe quark-gluon state

. summary:
4 1f one looks for momentum-space gluon distribution:

leading double logs arise from diagrams satisfying (R)

4 there 1s NO ordering 1in emission time



4 jet internal structure in vacuum

e inclusive hadron distribution inside jets
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Fig. 9: Inclusive energy distributions of charged hadrons in large—p jets [39].

(from Dokshitzer, hep-ph/0306287)

energy spectrum of
partons in MLLA

e NLO
e running coupling
e exact angular ordering

Dokshitzer & Iroyan (84)
Mueller (83)

+ Local Parton Hadron
Duality (LPHD)

Dokshitzer, Khoze & 'Iroyan,
PRD53:89-119 (1996 )



1/N" dN/dInk

o smgle inclusive kt-distribution inside jets in NMLLA

E . NMLLA - MLLA E normalized to bin: In(k) -0.1 E
ys e,  CDF prellmlnary

DLA : MLLA : NMLLA
e =1:0 (Vay) : O (ay)

excellent agreement of NMLLA
ﬂg vs CDF data (pp@+/s = 1.96 TeV)

N for various jet hardnesses
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4 medium modification of jets -- data features

e di-jet asymmetry

A, = bry — B di-jet remains
Lra 4 B2 ‘back-to-back’
<(ﬁ4 o‘ & (g T
S \/s =2 76 TeV 0-10% : - ® Pb+Pb Data
2 ATLAS | Z
T 3RO - O Op+p Data
~ ) Pb+Pb ~ D .
s + 17 ub'1f s HIJING+PYTHIA

(1/N
(1/N
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A, | Ad
ATLAS, PRL 105 (2010) 252303
(first observation of jets at LHC)



e inclusive jet suppression

B
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e jet internal structure

e jet fragmentation function (Pb-Pb/p-p ratio)
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o differential jet shapes
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data features consistent with:

jet softeming and angular broadening

in most of models for jet medium modification:

angular-ordered, vacuum parton shower
(defined 1n momentum space)

1s embedded 1n medium (located 1n space-time)
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PROBLEM: a given ‘chain’ is the result

of summing over various emission times !
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4 medium modification of jets -- theoretical models
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e jets in pp: PYTHIA + Lund

e medium effects: 2
e 3-d hydro QGP evolution o |
o anti-kt algorithm 5

e tWO Sscenarii

(i) medium-induced virtuality

QR ! AL A% S T S N
(ii) shift of splitting function 0 1 2 3 4
J
. + .
Pl T 1M o g )

4 medium modification of jets -- theoretical models

e YAJEM

Z

2.5

|| Py=100-300 GeV

V. YaJEM+BW/PYTHIAG6 , <f> =0.4
+ YaJEM/PYTHIAB, < 6Q°>=5.96 GeV”
Fitto CMS: DG __,/DG, .

®  CMS PbPb/pp (0-10%)
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Pérez-Ramos & Renk 14
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4 medium modification of jets -- theoretical models

e [EWEL (Zapp, Florchinger, Krauss & Wiedemann)

1) parton shower in NN
collisions (PYTHIA)

in-medium rescattering

2)

nnnnnnnnnnnnnnnnnnnnnnnnnnn
------

LPM effect
implemented

3)

=== good description of data
(from K. Zapp: seminar in Subatech, March 2015)



summary

e theory of energy loss of leading parton not yet closed
(even in ideal kinematic situations)

b
(1) AE;aq ~ asgL?  (2) AEq ~ as 22

E
Qhard

o theory of medium modification of true jet is starting

F?uz.z.i.@.:

combine momentum space angular ordering
with localized medium eftects




