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Jet Evolution in JETSCAPE
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JETSCAPE framework

MC event generator package for heavy ion collisions

- General, modular and extensible
- Communication between modules

JETSGAPE Event Generator
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Multi-scale jet evolut“inc_)p N

- In-vacuum: Virtuality ordered splitting

Small-0

Large-0

Qz: virtuality (off-shellness)
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Multi-scale jet evolut“inc_)p T

- In-vacuum: Virtuality ordered splitting

Small-0

Large-0O

Qz: virtuality (off-shellness)
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Multi-scale jet evolut“inc_)p T

- In-vacuum: Virtuality ordered splitting

fect on the top of in-vacuum splitting

Small-Q Large-Q: Medium e

Large-0O

——>

Qz: virtuality (off-shellness)
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Multi-scale jet evolut“inc_)p T

- In-vacuum: Virtuality ordered splitting

fect on the top of in-vacuum splitting

Small-Q Large-Q: Medium e

Tfect

Large-Q - Small-Q: Splitting driven almost purely by medium e

——>

Qz: virtuality (off-shellness)
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Multi-scale jet evolut“inc_)p T

- In-vacuum: Virtuality ordered splitting
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Qz: virtuality (off-shellness)
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Multi-stage description for jet evolution
Z Small-0

Large-0 il

Virtuality separation scale: Q.
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Multi-stage description for jet evolution
Z Small-0

Large-Q 4
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Switching between modules for parton by parton ELUSARE&EE Qs
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Medium response by weakly-coupled recoills

Zapp et al. (’13), Wang, Zhu (13), Luo, et al. (15,18), Park, Jeon, Gale (18), Cao, Majumder (18)

- Medium partons kicked out by jet partons

—volve as smaII—Q2 partons in jet shower

- Infinite thermalization time (E> E_. )

Hole: Picked up energy and momentum

- Sampled from thermal medium
- Subtracted from final signal
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Multi-stage description for jet evolution

JETSCAPE (17)

Graph of parton shower generated by JETSCAPE
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Recent Update

JERSCAPE (in preperation)

Virtuality dependence
in jet quenching parameter ¢
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- Based on scale evolution of QGP constituent distribution
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- Less interaction for larger virtuality partons

- Extend the model applicability to further broader scale
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Jet and high-p particle energy

loss

Jet and high-p particle energy loss for PbPb@5.02 TeV
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JERSCAPE (in preperation)
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Jet and high-p particle energy loss

JERSCAPE (in preperation)

Jet and high-p particle energy loss for PbPb@5.02 TeV
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Jet and high-p particle energy loss

Jet and high-p particle energy loss for PbPb@2.76 TeV
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Jet and high-p particle energy loss

JERSCAPE (in preperation)

Jet and high-py particle energy loss for AuAu@200 GeV
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Jet and high-p particle energy loss

JERSCAPE (in preperation)

Jet and high-py particle energy loss for AuAu@200 GeV
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Jet substructure

JERSCAPE (in preperation)

Jet Fragmentation Function
- pr distribution of charged particle inside jets
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Jet substructure

JERSCAPE (in preperation)

Jet Fragmentation Function
- pr distribution of charged particle inside jets
1 i R TR
D(p;) = N2
Jet jet T lin jet T N
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Jet substructure

JERSCAPE (in preperation)

Jet Fragmentation Function
- pr distribution of charged particle inside jets
1 dNCh ................................................................ >
D(py) = ~— ) -
Jet jet T lin jet T N
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Jet substructure

JERSCAPE (in preperation)
Jet splitting function

- Momentum fraction in the hardest splitting of jet (Zg)

min(py ;, Pr )

Zg _—
Pty +Prp2
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Jet substructure

JERSCAPE (in preperation)
Jet splitting function

- Momentum fraction in the hardest splitting of jet (Zg)

min(PT,la PT,z)
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Fluid + Jet Approach for Hydro Response

H RIS, September 24th, 2021
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Hydrodynamic Medium Response to Hard Partons

Hard
Parton

In-medium thermalization

- Drop to typical scale of thermalized medium constituents (£~ £ .4)

- Transition to hydrodynamic transport — Hydrodynamic medium response
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Hydrodynamic Medium Response Effect on Jets

Y. Tachibana, QCDEE:Z Y QGPA

ERDET)LLIC K BE

S A VEROIFZERREDE

b b

Jet-induced flow in medium

- Transport momentum deposited by jet
- Modify particle emission around jet

Hydro medium response contribution

- SOft, spread out from jet
- Jet-correlated, cannot be subtracted
- Affect structures inside/around jet
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Hydrodynamic Medium Response Effect on Jets

Y. Tachibana, QCDEE:Z Y QGPA

ERDET)LLIC K BE

S A VEROIFZERREDE
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Jet-induced flow in medium

- Transport momentum deposited by jet
- Modify particle emission around jet

Hydro medium response contribution

- SOft, spread out from jet
- Jet-correlated, cannot be subtracted
- Affect structures inside/around jet
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Description of Hydro Medium Response to Jets

Medium fluid evolution with energy-momentum deposition

- Hydrodynamic transport of jet energy-momentum via thermal partons
- Evolution together with the bulk QGP fluic

Vv, T (x) = J(x)

/” el \
—nergy—moméntum tensor —nergy and momentum
of the QGP fluid deposited into the fluid

. Source term JJ”et constructed from jet-shower evolution calculation

- Bulk part particle with hydro response obtained via the Cooper-Frye

Y. Tachibana, QCDMEEZPQGPAER D ETILIC KB EA A VEROFZEREDIEREICH T8 - EFRILEFITS, September 24th, 2021 17




Causal Formulation for Source Term

YT, C. Shen and A. Majumder, arXiv:2001.08321

Energy-momentum deposition Causal source profile

Relativistic diffusion equation

- SOft partons
Holes 5 X Py R
—_— Trspp—— — X) =
ot diff o2 diff
E <E%P
Y cut | - o
. R with initial condition
Yt = tgeyy X) =p% 6K — X gop)
J dep’ pdep, dep

JUt =t + At,x)

o . o
-
» '
q
’
»
.
.
. -

cut .
J,V(t ~ L, X)

E%P: Energy scale for in-medium thermalization
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Causal Formulation for Source Term

YT, C. Shen and A. Majumder, arXiv:2001.08321

Energy-momentum deposition Causal source profile

Relativistic diffusion equation

- SOft partons
Holes 5 Py 1.
o + Taift 55 D V- [ J5(x) =
d
pﬂ E <Ec1ftp
5 R with initial condition
J @ = tgeps X) = pgep.5(3)(? _ 7dep)

JUt =t + At,x)

o . o
-
» '
q
’
»
.
.
. -

cut .
J,V(t ~ L, X)

E%P: Energy scale for in-medium thermalization
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Causal Formulation for Source Term

YT, C. Shen and A. Majumder, arXiv:2001.08321

Energy-momentum deposition Causal source profile

Relativistic diffusion equation

- SOft partons

Holes 3 o 1.

o + Taift 55 D V- 1 ]  (x) =
d
pﬂ E <Ec1ftp
7 : with initial condition
_p ,_“‘ | o (3) B

_p” ‘/., p” J (= tdep’ X) =p§ep.5 (x —x dep)
; E<E.F J{ =t + Aty x)

cut .
J,V(t ~ L, X)

E%P: Energy scale for in-medium thermalization

= (
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Evolution of Hydrodynamic Medium Response

MATTER + LBT + Causal Diff. + Ideal Hydro [Static Brick, T} ;4 = 250 MeV]

YT, C. Shen, A. Majumder, arXiv:2001.08321

- Jet-Induced flow induced by a parton shower propagating in the x direction

V4

Y. Tachibana, QCDMHEE > QGP4

ERDETIABIC L BE

5 VEIRDZEFHREDE

s

—d

(A T3

=\
afd °

H

Orange: Region with T > 250 MeV

Red: Energetic Partons
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MATTER + LBT + Causal Diff. + Ideal Hydro [Static Brick, T} ;4 = 250 MeV]

YT, C. Shen, A. Majumder, arXiv:2001.08321

- Jet-Induced flow induced by a parton shower propagating in the x direction

V4

Y. Tachibana, QCDMHEE > QGP4
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Recoil vs Recoil+Hydro response: Static brick case

YT, C. Shen and A. Majumder, arXiv:2001.08321

Einit — ]|4O GGV

T = 0.25 GeV

oropagation in medium with static uniform initial condition

- Jet
ST with recoills

—nergy loss by MAT TER+L
Medium evolves upto f = 10 fm

o - EERIL[EIRFZE S, September 24th, 2021
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Recoil vs Recoil+Hydro response: Static brick case

150 1

100}

E(0) (GeV)

50 t

100F /

50

P.(0) (GeV)

0
10000[ —— Recoil+Hydro

[ == == Recoil+Hydro
i (w/o particlization)

| ===+ Recoil
5000_h ==+ Vacuum

£ - E—
* _-_
‘-—.

-

M=(0) (GeV?)

—5000f

ERDET)LBIC K BE

YT, C. Shen and A. Majumder, arXiv:2001.08321

Angular structure of jet in brick

- Jet energy, momentum and mass

0

PH(0) = J dO’

0

PH

do’

- Detalled substructure

dE

pr(0) =

E@=1) db’

., M*6) = PHO)P,(0)

pp (0) =

P(0=1) dO

- Backward suppression due to particlization (Recoll+Hydro)

- Backward suppression due to holes (Recoill)

B2 ([ 1 T

S A VERDFZEFHEDE

Y. Tachibana, QCDEE:Z Y QGPA

o - RARIL[RIAA

7T 2, September 24th, 2021
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Recoll vs Recoil+Hydro response: Expanding medium case

YT, C. Shen and A. Majumder, arXiv:2001.08321

T
T

T

center

= (0.5 GeV

- Jet propagation in medium with oblate 3-D Gaussian (or = 1.5 fm, o, = 0.75 fm)

- Medium size Is chosen to reproduce the full simulation results
- Radial flow following the jet propagation
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Recoll vs Recoil+Hydro response: Expanding medium case

YT, C. Shen and A. Majumder, arXiv:2001.08321

150_ [ [ [ - : ’
= | g Angular structure of jet in oblate medium E3
8 100} / SO buph s a0) -
S S - Jet energy, momentum and mass
o 50f =

' ) o dpr
0 PH(0) =J do'——, M*0) = PHO)P (0)
| o do
% 100}
— - Detailed substructure
= 50}
~ ) = dE ) = 1 dP .

30001 T E@@=1) do° PrE = P(0=1) db
?‘5 2000 - Collimation due to push by the radial flow
= o '_—_gefgggfmydm - Small effect of particlization (Recoil+Hydro)

E | o (W/eoclzl;ticlization) | |
s — Ve N - Clear difference at very large angle region (€ > 1)
0 1 2 3
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Jet evolution in JETSCAPE

- Multi-stage description by switching modules with virtuality

- Further extension by Qz—dependence in jet quenching parameter g

- Simultaneous description of jet and high-p particle energy loss in various

- Further systematic studies for jet substructure

Hydrodynamic medium response

- Transport of thermalized jet energy and momentum
- Described by hydrodynamic equation with source terms
- Difference from recoils led by background flow

Y. Tachibana, QCDREZPQGPEKD ETILLIC K ZEA A VEEDORZEREDIE
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Causal Formulation for Source Term

YT, C. Shen and A. Majumder, arXiv:2001.08321

5 O a- 150 (b-1) Expanding, Outward 150 (c-1) Expanding, Inward
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