¢ Brookhaven

National Laboratory

Jet observables in anisotropic QCD matter

31st July 2023, BOOST 2023

Joao Barata, BNL

Based on work done with G. Milhano , A. Sadofyev

2308.xxxx



o Brookhaven
JEtS lIl hOt plasmas ¢ National Laboratory

C\' CMS Experiment at LHC, CERN
e B coa ~— gata recorded: Sun Nov 14 19:31:39 2010 CEST
& xperiment at : [Event: 151076 / 1328520
Data rec%rded? Thu Aug 26 06:11:00 2010 EDT L:t?ﬁ s\:aecrt]ion: 249
Run/Event: 143960 / 15130265
Lumi section: 14
Orbit/Crossing: 3614980 / 281
| [Jet 1, pt:70.0 Gev
Jet 0, pt: 205.1 GeV
In-medium jets get quenched and broaden
pp dijet event in CMS PbPb dijet event in CMS
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Jets in hot plasmas

How do we treat jet evolution in theory?

1) Use eikonal expansion, 1.€. expansion 1n iverse powers of jet energy; keep kinetic phases

2) Matter enters through classical background field; usually assumed: homogeneous,

infinitely long, static, ... X P x
+ - ~ AM + + .- &
Ar (ZE y L ZB) ~ Amatter (x ) ZB) +0A” (x L :l?) "

(Amatter (T) Amatter (¥)) ~ 0(x — y)
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Jets in hot plasmas

3) Any cross-section 1s constructed from

Do p
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The single particle propagator becomes at high energies

o t 2
W dt . 2 W Wilson line along
2 r T forward light-cone
t1

Brownian motion in momentum
space

L2
g(m27t2;m17t1) :/ Drexp
L1

Then any process reduces to computing correlators of the form

vertices

do ~ <TH{Q,F}>matter
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Jets in hot plasmas

Even with these approximations this 1s a challenging problem! Focus on lowest order processes

O(ay) O(a)

“momentum broadening”

“medium 1nduced gluon emission™

Q One can gain analytical insight into the problem; covers all main approaches to jet quenching

e Jets decouple more from plasma evolution: less sensitivity to medium properties

()
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Transverse plane

Initial jet orientation
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The final distribution has the form Single particle broadening distribution (when Fourier transformed)
Usually a unit operator, but now 1t acts with V on 1nitial distribution

. (0)
ol P(x)S(x) N [ Gpas = dnis

d 2 QL d E e ———— SEven————E d2 I dE Self normalized (particle number consea;:;tion)

dN® _ f(E) 2
d’pdE  2mw?

Consider the case of a source with finite width FE

higher odd moments can be generated, for example

w2L2u2 Vep lnE L3ut Vop ( E)z

a 2\
<pp>— EX p uw  6EMN p

N=1 N =2

Higher N terms dominate due to diverging potential at large momenta
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Some simple numerical results

depletion of higher momentum modes
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Transverse plane

Initial jet orientation
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The distribution can be written as

J e v - b, a 2(27T)3wEdwdEd2k QO;SFRe/ dz/ dz/ J(xi)| [V -Vaz Sz (k k, 0o; y & z)IC(y Lin, Z; T, Tin, 2)
| ’ Solved' o R
T Co C1 Co Ial2
Il_72 b
t t Lo t
Expanding to first order in gradients allows to perturbatively compute the spectrum in the form
dI dly dI; dI dly  dlp | dlx d;
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Numerical results, in the harmonic approximation for the in-medium scattering cross-section
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We have now the tools to compute jet observables (at least at leading order 1n the strong coupling)

Observable 1: jet shape w = 0.01w, w = 0.05w,

. dp(T) “ dl
27 ) et — 1 -2 dkk
2m)Pe e d / Y dwd?k

wr

T dE'®™/(dndg) | dE™Y(dndo)

0.2 _




('f‘ Brookhaven

National Laboratory

Jet observables in inhomogeneous matter 2308

dn
RN
16 A 16 -
14 A 14
12 4 12
10 A 10 -
S 3
S 8 S
= £8
3B 3L
6 6 -
4 - 4
2 9 -
0 A 0 -
S [aY [}
I 1.25 4 I 1.25
3 ) 3
Q 1.00 - 9 1.00
8 Q
;cg 0.75 :Cg 0.75

0.00 0.05 0.10 0.15 0.20 0.25 0.00 0.05 0.10 0.15 0.20 0.25 @



Jet observables in inhomogeneous matter

2308.xxxx

Ideally we would need E3C, but already with EEC we have

§(cos(fy — 1) —cos(f)) d(a — (a1 — a2))
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Outlook

® To go beyond we need MC with realistic geometry:
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