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@ Analyze high-pt inclusive jets up to 1 TeV to study jet quenching effects caused
by the Quark-Gluon Plasma (QGP) produced during Pb-Pb collisions at \/Sxy =
5.02 TeV.
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@ Analyze high-pt inclusive jets up to 1 TeV to study jet quenching effects caused
by the Quark-Gluon Plasma (QGP) produced during Pb-Pb collisions at \/Sxy =
5.02 TeV.
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Motivation

@ Analyze high-pt inclusive jets up to 1 TeV to study jet quenching effects caused
by the Quark-Gluon Plasma (QGP) produced during Pb-Pb collisions at \/Sxy =
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@ Explore how quenching effects vary with jet cone sizes (jet-R) and transverse
momentum (jet-pr) in the QGP medium.
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@ Investigate jet-medium interactions in the QGP using modular approaches in the
JETSCAPE framework with energy loss modules like MATTER, LBT, MARTINI,
and AdS/CFT.
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@ Investigate jet-medium interactions in the QGP using modular approaches in the
JETSCAPE framework with energy loss modules like MATTER, LBT, MARTINI,
and AdS/CFT.

@ Validate results against ATLAS and CMS experimental data, covering a broad pr
region ranging from 100 GeV — 1 TeV for ATLAS and 300 GeV — 1 TeV for CMS.

@ Calculate and analyze the double ratio (RX4/Ria-™!") as a function of jet-R and
jet-pr, demonstrating consistency with JETSCAPE predictions.
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Jet nuclear modification factor

@ Measures jet suppression in heavy-ion collisions (A+A) compared to
proton-proton collisions.

2
1 dNjet

Nevt djet dpJ_;?t

Raa = A4
dzo'jet

jet
dyjet dPJ';? PP

(Tan)

Manaswini Priyadarshini (IIT Mandi) arXiv:2301.11908v3 5/ 30



Jet nuclear modification factor

@ Measures jet suppression in heavy-ion collisions (A+A) compared to
proton-proton collisions.
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1 dNjet

Nevt djet dpJ_;?t

Raa = A4
dzo'jet

jet
dyjet dPJ';? PP

(Tan)

P+p A+A
@ In this study —
e Pb-Pb collisions for the centrality (0-10%).
o Dependence of jet-Raa on
O Jet-R
@ Jet-pr
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o JETSCAPE - a modular, task-based framework for simulating all
aspects of heavy-ion collisions.
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Simulation Tools

o JETSCAPE - a modular, task-based framework for simulating all
aspects of heavy-ion collisions.

@ PYTHIA 8 — a program for the generation of high-energy physics
events.

@ TRENTo — a module, that sets up the initial conditions.

@ MUSIC — a model, that generates a hydrodynamical medium
condition.

o MATTER - simulates the high virtuality phase of the parton
evolution.

@ LBT — simulates the low virtuality phase of the parton evolution.
e MARTINI and AdS/CFT — also explore the low virtuality phase.
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Jet Energy Loss in JETSCAPE Framework

@ Jet energy loss induced by scattering is calculated in a succession of
two stages :
o High Virtuality Phase: Described by modules like MATTER. (Q* > Q3w)

o Low Virtuality Phase: Simulated by modules like LBT, MARTINI and
AdS/CFT. (@* < Qw)

@ Features of energy loss modules:
o LBT models both collisional energy loss (via elastic scatterings with medium
constituents) and medium-induced radiation.

o MARTINI combines Monte Carlo techniques with pQCD to model gluon
bremsstrahlung and parton energy dissipation.

o AdS/CFT offers insights into strongly coupled plasma behavior.
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Jet Spectra in pp collision

o Differential cross-section of inclusive jets with cone size R = 0.4 in
p — p collisions at /sxn= 5.02 TeV, compared with ATLAS data.
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Jet Spectra in pp collision

o Differential cross-section of inclusive jets with cone size R = 0.4 in
p — p collisions at /sxn= 5.02 TeV, compared with ATLAS data.
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Jet Spectra in pp collision

o Differential cross-section of inclusive jets with cone size R = 0.4 in
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Jet Spectra in Pb-Pb collision

o Differential cross-section of inclusive jets with cone size R = 0.4 in
Pb — Pb collisions at /syn = 5.02 TeV, compared with ATLAS data.
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Jet Spectra in Pb-Pb collision

o Differential cross-section of inclusive jets with cone size R = 0.4 in
Pb — Pb collisions at /syn = 5.02 TeV, compared with ATLAS data.
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Jet-Raa in Pb-Pb Collisions

e Comparison with ATLAS data [PLB 790,108 (2019)].
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Jet-Raa in Pb-Pb Collisions

e Comparison with ATLAS data [PLB 790,108 (2019)].
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Jet-Raa as a function of jet-pr for the most central (0-10%) Pb+Pb
collisions at y/sxn = 5.02 TeV for the jet cone radius R = 0.4.
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e Comparison with CMS data [JHEP 05, 284 (2021)].

2.00 T T T T
4 JETSCAPE (MATTER+AdS/CFT)

1.75[ # CMSUHEP 05,284 2021)]

: 4 JETSCAPE (MATTER+LBT)

4 JETSCAPE (MATTER+MARTINI) R=0.2

1.50}
1.25¢
ss 1.00
4
0.75f
0.50—* T

0.25 [PbPb (0-10%), /Sy = 5.02 TeV
anti — ke, |yjet| <2.0
0.00F0sw =2 GeV, 4=4f(Q%), af*=0.35

300 400 500 600 700 800 900 1000
Pt [Gev]

Manaswini Priyadarshini (IIT Mandi) arXiv:2301.11908v3 11 / 30



Jet-Raa in Pb-Pb Collisions

e Comparison with CMS data [JHEP 05, 284 (2021)].
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Jet-Raa as a function of jet-pr for the most central (0-10%) Pb+Pb
collisions at /sxn= 5.02TeV for the jet cone radius R = 0.2 and 0.4.
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e Comparison with CMS data [JHEP 05, 284 (2021)].
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Jet-Raa in Pb-Pb Collisions

e Comparison with CMS data [JHEP 05, 284 (2021)].
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Jet-Raa as a function of jet-pr for the most central (0-10%) Pb+Pb
collisions at /sxn = 5.02 TeV for the jet cone radius R = 0.6 and 1.0.
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Jet-R dependent Jet-Ryq

o Calculation of Jet-R,, double ratio (RE,/RY™") as a function
of Jet-R in comparison with CMS data [JHEP 05, 284 (2021)].
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Jet-R dependent Jet-Ryq

o Calculation of Jet-R,, double ratio (RE,/RY™") as a function
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Jet-R dependent Jet-Ryq

o Calculation of Jet-R,, double ratio (RE,/RY™") as a function
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Jet-R dependent Jet-Ryq

o Calculation of Jet-R,, double ratio (RE,/RY™") as a function
of Jet-R in comparison with CMS data [JHEP 05, 284 (2021)].
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Double ratio (R, /RXZ"™*!") as a function of jet-R in the most central (0-10%)
Pb+Pb collisions at \/syn = 5.02 TeV with different energy modules.
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Jet-pr dependent Jet-Rax

o Calculation of Jet-Rs, double ratio (RE,/RXZ™") as a function
of Jet-pr.
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Jet-pr dependent Jet-Rax

o Calculation of Jet-Rs, double ratio (RE,/RXZ™") as a function
of Jet-pr.
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Double ratio (RR, /RXZ"™*!") as a function of jet-pr in the most central (0-10%)
Pb+Pb collisions at \/sxx = 5.02 TeV with the (MATTER+ LBT) modules for
different radii.
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Conclusion

@ This work emphasizes the significant role of JETSCAPE framework
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Conclusion

This work emphasizes the significant role of JETSCAPE framework
in describing the energy loss and medium response phenomenon for
broad-area jet cones and very high pr jets.

JETSCAPE with (2+1)D MUSIC and MATTER + LBT accurately
models Jet-Raa in Pb-Pb collisions at /syn = 5.02 TeV.

Predictions agree well with ATLAS and CMS data for high-pt jets
and varying cone sizes.

Jet-Raa double ratio shows greater suppression for smaller-radius
jets as they lose more scattered particles outside their narrower
cone.

Jets with larger radii (R > 0.4) increasingly recover more energy,
indicating that medium-induced radiations are better captured
within broader jet cones as they propagate through the QGP.
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Thank you!

Questions?
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@ The jet spectrum refers to the distribution of the transverse
momentum (p7) of the jets produced in the collision.

@ It is represented as a function showing the number of jets as a
dzo'jet

function of their energy, which can be calculated as ——=; .
d}’jetdpJT
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Jet Spectra in p-p collision for CMS comparison
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Jet Spectra in p-p collision for CMS comparison

2.00 T 2.00 T
4 JETSCAPE/CMS 4 JETSCAPE/CMS
s L.75} ] s L1L.75}
7 >
1. b 5
g 1.50 '_% 1.50f
iy i g _
% 1.25 —— _195_ 1.25
= = ——
2 1.00* 2 1.00 5
g g
; 0.75 ke ] 2 0.75¢
¥ @
3 0.50} g 0.50¢
& Vet <2, R = 0.6 el <2,R=10
£ 0.25 fpp (0-10%), /5 = 5.027eV = 0.25 'gg’xtl;m%), \Sam =5.02TeV

00956200 600 800 1000 900 700 600 800 1000
Pkt (Gev) P [GeV]

Ratio of jet spectra obtained from JETSCAPE to the CMS data for R=0.6, 1.0

Manaswini Priyadarshini (IIT Mandi) arXiv:2301.11908v3



Jet Spectra in Pb-Pb collision for CMS comparison
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Jet Spectra in Pb-Pb collision CMS comparison
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Relativistic Heavy-ion Collision
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Application of hydrodynamics in QGP

@ A standard multi-stage approach is needed to model these collisions !!

Hydro expansion

Initial state of QGP or hadron gas Freeze-out
i
LT
:
\'-5"

@ To connect the physics of QGP, we need phenomenological models,
where the theory of hydrodynamics becomes useful.
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Jet quenching

@ Jet quenching refers to the energy loss of high-pr partons as they traverse the
Quark-Gluon Plasma medium, leading to suppressed jet yields in heavy-ion
collisions.

Jet production p ATLAS

LEXPERIMENT

Quark-gluon
plasma

Strong interactions with the medium ATLAS [PLB 790, 108 (2019)]

@ Significance: Serves as a probe of QGP properties, revealing its density,
temperature, and transport coefficients.

Manaswini Priyadarshini (IIT Mandi) arXiv:2301.11908v3



JETSCAPE Framework

Medium-modified

Hard Parton shower Jot

/ scattering Jig 0> 0 \hadronization
0<Q

Hadronic
cascade

\ Initial soft iR Viscous Cooper-Frye
density Hydrodynamics hadronization

[https://github.com/JETSCAPE/JETSCAPE JETSCAPE Manual: arXiv:1903.07706 ]
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JETSCAPE Framework

Colored
PYTHIA8 Colorless
/ Parton gun e g (oased on Pythics)
Hybrid

MUSIC (2+1, 3+1)*
F CLVisc* c E
ree¢ R External file reader B8 ~OOoPer-rrve
streaming Brick sampler
Gubser

* Optional download

[https://github.com/JETSCAPE/JETSCAPE JETSCAPE Manual: arXiv:1903.07706 |
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Energy loss modules in JETSCAPE

High E
High Q

Q Virtuality(off-shellness) Eetnitatng

parton »

0, Virtuality separation scale

Large-Q (> Q)
MATTER LBT

(Majumder(13)
Kordell, Majumder(17))

Large-£

Cao, et al.(16,17), He, et al.(18)

Radiation dominated
Virtuality ordered splitting

Higher-Twist

Higher-Twist formalism formalism
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Wang, Zhu(13), Luo, et al(15,18) Schenke, Gale, Jeon(09),
Park, Jeon, Gale(17,18)

Scattering dominated
On-shell parton transport

High E.
Low.Q

e

Low E
Low Q
Small-Q( < @)
Small-£
MARTINI AdS/CFT

Chesler, Rajagopal(14, 15)
Pablos, et al.(15,16,17)

Diffusion into medium

V=4 super Yang-

iy Mills

formalism
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Coherence Effect

The coherence effects are represented by the effective jet quenching strength ¢ which is defined as:

7= qurf(Q)

where £(()?) is virtuality dependent modulation factor and is given by:

2 2 2 1
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and gy, is the jet quenching parameter for on-shell partons calculated by Hard Thermal Loop

(HTL) effective theory.
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