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Jets Lose Energy in the QGP

Jets in medium: 1. Momentum broadening 27.4 pb”" (5.02 TeV pp) + 404 ub" (5.02 TeV PbPb)
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Anisotropic Jet Broadening: “Jet Drift”

 We study a "New" class of pQCD

effects called “jet drift’’:
arit asymmetric / anisotropic
. e Preferential deflection in the
PT,i direction of medium flow
Flow enhanced A. V. sgj:x/a:\i/,oCVitev,
and flow direction & M. D. Sievert
______________ .~ controlled 00 090 1a)
% — UP Analytic Pheno.
Average asymmetric i) = & /d?‘ 3 |p2(1) . E(T) uy(r) poc T - Antiporda, . Bahder, H.
momentum transfer, 4/ = [ TIE@AING M@l 1-w@|  wxT e i
K (arXiv: 2110.03590)
Temperature/Density Enhanced 3

Energy suppressed
Sub-eikonal (power suppressed) correction to the medium interactions ~ brings sensitivity to medium velocity (dir)
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Anisotropic Parton Evolution (APE): A Monte Carlo to Study Drift

> Study Pb-Pb collision at 5.02 TeV P—q1 —q P—Q2 p

» Study Energy Loss & Anisotropic - = - - - - > - -
“Jet Drift” effect

» Combining Pythia hard scatterings q1 q2
with OSU-hydro medium model Anisotropic

with our in-house Partonic
Evolution (APE).

Double-Born Momentum Broadening Diagram

APE GitHub

( Pertubat|ve Tree Level Scatterings Perturbative Partonic Evolution Perturbative Fragmentation \
Hard Anisotropic

Particles Pythia Partonic Fragmentation

| jbp Hard Scatterings : : Observables
(APE Workflow) + Perturbative CNM . EV(C,JA[gtEl)On - Functions (FFs) ’
_ J
Soft Particles - . Cooper-Frye ' Realistic 2+1D soft HIC
(DukeQCD lireize : OSU-Hydro Freezeout model tuned to pp &
Event + Freestreaming (VISHNU) + UrQMD PbPb dat
ven Initial Conditions Hydrodynamics : _ ata
\  Generator) Hadronic Transport (arXiv:1808.02106)
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Signature of Jet Drift

* Drift does not modify suppression s TS 00 e 00
- £ 081 | : drift +/- 25% h
o sz and Aacoplanarlty have = : Colored band: drift +/- 25% strengt
. . . . £ 0.6 - ("Dijet" Acoplanarity]
different systematics in centrality g ]
& 0.4 1
e Suggests that there may be £
0.2
different sensitivity to the event < ,
geometry and temperature 2 3 4 5 6 7 8 9
. . _?_ad ;rig
* Aco enh. is highest for central P rte
. T fm 0.035 - 7, 0
events Vs maximum v, enh. For ! Vapy D
. . . 0.030 A
mid-central collisions. o
e Paper will be on arXiv soon... 0,02 |
0.015 o
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slides from Hard 0.005 -
Probes 2024 0.000
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What can we learn from Acoplanarity Vs v, distinction

 Why there is a different centrality dependence?

* Where does the effect of ‘jet drift’ on acoplanarity and v, come from?
Temperature? geometry? Or Both?

* Could | use both observables to discriminate the temperature vs geometry
dependence?
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Inclusive Histograms of Acoplanarity Enhancement vs Av,

Histogram of Av

Histogram of Acoplanarity Enhancement 1044

Large enhancements are| »  Stress independent of 1< p; <10 GeV
not rare ~ order 0.2 rad Partons
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* Break out into centrality 10-2;

classes & discuss 05 0.0 0.

-
)
Acoplanarity Enhancement (rad) Avhard
2
Histogram of Acoplanarity Enhancement for T Histogram of Acoplanarity Enhancement for £ Histogram of AUQ(T) Histogram of A'UQ(GQ)

2.0

dedEz
dP/dT

0.2 0.3 0.4 0.5 0.6

I (Gev) 0.2 0.4 0.6

T(GeV)

Hasan Rahman



Hasan Rahman 8



Binned Acoplanarity Dependence

Acoplanarity Enhancement Vs % Centrality
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Aco enh. has monotonic but
inverse dependence on
geometry (% cent & €,) vs T
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Binned Acoplanarity Dependence on T

Binned Acoplanarity Dependence on Temperature
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Across all bins of eccentricity, the pattern is
the same: increasing function of T,
dominated by highest T

Largest Aco in the least eccentric bins;
higher eccentricity decreases the Aco
Dominant Aco coming from T =400 - 600
MeV.

Histogram of Acoplanarity Enhancement for T
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Binned Acoplanarity Dependences on g,

~_Binned Acoplanarity Dependence on Eccentricity * Aco has different geometry (€,) dependence for
--=+ T=0.5-0.6 GeV different T-bins.
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Binned Acoplanarity Dependences (Temperature Vs Geometry)

Binned Acoplanarity Dependence on Temperature
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Binned v, Dependence

Avi*? Enhancement Vs % Centrality
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Binned v, Dependence on T

* V,hard changes shape with T differently

Binned Av?* Dependence on Temperature
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Binned v, Dependences on &,

Binned Av!%? Dependence on Eccentricity
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* v, has non-monotonic geometry (g,) dependence
across T-bins.
» similar shape vs g, but scales with T =>

competition between geometry &
temperature

* Almost all significant v, enh. comes from 400 < T

< 600 MeV. Notable flat dependence on &, in
cooler bins.
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Binned Acoplanarity Dependence on Temperature

Comparison of T dependence between Acoplanarity Vs v,
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* Drift and other sub-eikonal effects are more discriminatory,
and thus the interesting region of phase space is low-pT jets /
hadrons

* Event engineering application: design selection cut on the
events to maximize jet drift signal

o Vary initial acoplanarities o
o Actual jets & jet shape (arXiv:1310.5028)
o Future Work: CNM drift work (Nick & Alex)

* Why do | care? Ans: If you see a strong geometry dependence (i.e. deformed
nuclei from ultra central collisions like Xe ) -> can do event engineering with
these info

* Look at new observables or selection cuts: propose new observable

&° Trying to identify more signatures of jet drift J
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Binned Acoplanarity Dependences on g,

Binned Acoplanarity Dependence on Eccentricity
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* Aco has different geometry (g,) dependence for
different T-bins.

* The —ve slope increases with increasing T-bin

» Lowest T (most peripheral): no Aco enh.

» Higher T (central): larger Aco (increasing slope)
* Almost all significant Aco enh. comes from 400 <
T <600 MeV. Notable flat dependence on g, in

cooler bins.
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Quark Gluon Plasma (QGP)

For a few millionths of a second after the Big Bang, the universe consisted of a hot soup of elementary particles
called Quark-Gluon Plasma (QGP)

Nearly frictionless liquid and can be created from heavy ion collisions inside accelerators, for the briefest flashes
of time. (Little Bang!)

Provides insights into the physics of the very early universe and building blocks of matter (QCD).

final detected

Relativistic Heavy-Ion Collisions particles.distributions we bave crealed a
Kinetic P“MN’d"Qt 1Myk -a!..,‘.
freeze-out
. plaswa
Hadronization > ‘
Initial energy e m°/ & ‘ 4
density — __./ /"‘ ) ﬂ
) M @ >
# Hadron 5 A (;‘?\\W €. 4C é‘}
g ) \.\ A A\
. Q6P phase ol 5 NG
: <

ejwlnbrnum viscous hydrodynamics
ynamics | ISCOUS yaroaynami free streaming

collision evolution
t~0fm/c t~1fm/c t ~ 10 fm/c t ~ 10% fm/c
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Possible Signatures of Jet Drift in Leadlng
Hadrons

* Modification of suppression

* Deflecting away from flowing hot
spots

 Particle sees reduced integrated
density
* Anisotropic flow modification
 Particles couple to soft anisotropic
flow
* Acoplanarity enhancements

 Particles couple to same
“attractor” in the medium
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Drift Survive Event Averaging?

0.05"

<> 0.04]

n

Zo002"
0.01"
0.00¢

* Naively, one might expect
cancellation via event

I averaging
: * Coupling to event anisotropic

flow shown in glauber elliptic

0.06

© 0.03)

I N geometry to preserve effect
9 * Fluctuating event plane,
2 3 4 05._200/ ° centrality
e o * L. Antiporda, J. Bahder, H.
S e Rahman & M. D. Sievert
S - - 40-60% Phys.Rev.D 105 (2022)
Lk ... 60-80% (arXiv: 2110.03590)
SN R« What about in realistic heavy
- ion collisions?
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Inclusive Histograms of Acoplanarity Enhancement

* Shows that large acoplanarity enhancements Acoplanarity Enhancement Vs % Centrality
are not rare 0-77
o Of order 0.2 rad (12 degrees)
* Stress independent of initial acoplanarities
o May increase or decrease total change
* Break out into centrality classes & discuss
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