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Groomed jet substructures

Hard splitting identified by Soft Drop

- Largest angular branching with a sufficient
momentum fraction (z, > z,) within a jet

- Relatively well dominated by perturbative

parton splitting
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Groomed substructures modification in inclusive jets

Medium effects on inclusive jet substructure 20

- PbPb 0-10%, /sny = 5.02 TeV
| Charged Jets, anti-k;, R=0.2
— 1 [ 60<pPI <80 GeV, |nanjec] <0.7

Lop_ . .

ey ks -
gb %4 0.5_'
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y-tagged jet

- Jets detected with a hard photon in the backward

direction

- Primarily produced via initial hard Compton

scattering (quark jet dominance)

- No medium effects on the photon (pZ ~ p2*)

- y-jet Correlations

—  Talk by C. Sirimanna [Wed, 9:40 AM]

- Substructures — This Talk




Simulations with the JETSCAPE framework
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JETSCAPE framework

MC event generator package for heavy ion collisions
- General, modular and extensible

- Communication between modules

- Available on |

JETSGAPE Event Generator
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http://github.com/JETSCAPE

JETSCAPE framework

MC event generator package for heavy ion collisions
- General, modular and extensible

- Communication between modules

- Available on |

JETSGAPE Event Generator
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Multi-stage jet evolution in JETSCAPE
- In-vacuum: Virtuality ordered splitting

Small-0

Large-0

0° = p*p, — m*: virtuality (off-shellness)
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Multi-stage jet evolution in JETSCAPE
- In-vacuum: Virtuality ordered splitting

Small-0

Large-0O

0’ = p*p, — m*: virtuality (off-shellness)

M Y. Tachibana for the JETSCAPE Collaboration, ¢, HP2024, September 23rd, 2024 7



Multi-stage jet evolution in JETSCAPE
- In-vacuum: Virtuality ordered splitting

Small-0

Large-0O

——>

arge-(): Medium effect on top of in-vacuum splitting

0’ = p*p, — m*: virtuality (off-shellness)
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Multi-stage jet evolution in JETSCAPE
- In-vacuum: Virtuality ordered splitting

Small-0

Large-0O

——>

arge-(): Medium effect on top of in-vacuum splitting

- Small-Q: Splitting driven almost purely by medium effects
Q2 = p’“‘pﬂ — m*: virtuality (off-shellness)
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Multi-stage jet evolution in JETSCAPE
- In-vacuum: Virtuality ordered splitting

Small-0

Large-0O

——>

arge-(): Medium effect on top of in-vacuum splitting

Q2 Oy

Q < Oy

- Small-Q: Splitting driven almost purely by medium effects
Q2 = p’“‘pﬂ — m*: virtuality (off-shellness)
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p+p simulation setup

Hard Scattering: (1) Single Parton
(Fixed initial Energy, no ISR, no MPI)

(2) Pythia8
(w/ ISR and MPI)

Parton Shower: MATTER (vacuum)

Hadronization: Lund String
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A+A simulation setup

Hard Scattering: (1) Single Parton Initial Condition: TRENTO

(Fixed initial Energy, no ISR, no MPI) Sl

Geometry
(2) Pythia8
(w/ ISR and MPI) T(x) Prehydro Evolution: Freestreaming
u*(x)
Parton Shower: MATTER+LBT

' =2 GeV - -
(recoil on, G, =2 GeV) Hydro Evolution: VISHNU (2+1D viscous)

Hadronization: Lund String
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Results
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rg-modification: single parton simulations

- Fixed energy and flavor (quark/gluon) of the initial parent

: .Tet/Einit > 0.6 : ;_Ft/Einit > 0.4 : 'Tet/Einit > 0.2
_ Quark Jet | _ d/
_ == Gluon Jet | ' mm\%l”’“‘
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F™ 0 e oo — — L
N 1 — L N e S ———. —
e —— |
-Q—? . —
S |
ot JETSCAPE PGun - PbPb 0-10%, 5.02 TeV Leading Jet -
:I E: ;=140 GeV, Uinit:();o :I MATTER+LBT (W/ mod. COh.) anti-k; R=0.4, ‘njet‘ < 2.0 | Soft Drop ze..t=0.2, 5:()()
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rg-modification: Inclusive vs y-tagged

- Realistic event generation by Pythiad hared scatterings
(MPI: ON, ISR: ON)

3
By > 0.8 L gt 140-160 GeV

— ' | Quark Jet | v-tagged Jet
2 i ! HardQCD:all=oft
%“ o0 2_ = = Gluon Jet |LI— _ i | Q ] )
= i~ - I nclusive Jet
e
.
1

PbPb

:I Einit:140 GeV, ninit:O;O
102 10~1 1072 1071

r T
M & g
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rg-modification: y-tagged jets

- Realistic event generation by Pythiad hared scatterings
(MPI: ON, ISR: ON})
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mg-modification from single parton simulations

- Fixed energy and flavor (quark/gluon) of the initial parent

JEVSLAFE

Quark Jet : ”W\%'wm

=== Gluon Jet :'"._

| : Leading Jet
0 JETSCAPE PGun - PbPb 0-10%, 5.02 TeV - anti-k; R=0.4, |njet] < 2.0

PbPb

- Pinig=140 Ge\I/7 Minit=0.0 | MATTER—I—LBT (w/ mod. coh.) - Soft Drop zewt=0.2, 5=0.0
% 5 10 15 20 0 5 10 15 20 0 5 0 15 20 0 5 0 15 2 25
mg (GeV) mg (GeV) mg (GeV) mg (GeV)
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mg-modification: Inclusive vs y-tagged

- Realistic event generation by Pythiad hared scatterings
(MPI: ON, ISR: ON)

2.5 7
P/ B > 0.8 | et 140-160 GeV
2.0 .|.
e ! S ; ____ 7-tagged Jet
i1 [ Quark Jet 1 : (HardQCD:all=off)
- —
ZUD § 1.5 ' Gluon Jet o = = Inclusive Jet
3 ; 1
s 1.0 -
= : B ™
— [ iy P =]
[ L Tg—p——
= ST
- 0.0 F
. - Foie=140 GeV, i =0.0

0 5 10 5 20 0 5 10 15 20 <«

M mg (GeV) mg (GeV)
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mg-modification: Inclusive vs y-tagged

- Realistic event generation by Pythiad hared scatterings
(MPI: ON, ISR: ON})
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Comparison with Experimental Data

r,~distribution for y-tagged jet, compared with CMS data
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Summary

Soft Drop groomed jet substructure
- Relatively well dominated by perturbative parton splitting

- Selection bias rather than actual structural modification for inclusive jets (e.g. narrowing)

- y-tagged jet — control of the selection bias, flavor dependence (quark-jet dominance)

Simulations with the JETSCAPE framework
- Multi-stage jet shower description (high-Q: virtuality-driven, low-Q: medium effect-driven)
- 2-Initial hard process setups:

(1) Single parent parton with fixed flavor and energy, (2) Realistic Pythia8 hard scatterings

Inclusive vs y-tagged jet substructures

- Prominent modification (broadening) in y-tagged jets, dominated by quark jet characteristics
- Moderate modification in inclusive jets, dominated by gluon jet characteristics

- Actual structural modification accessible by controlling the selection bias eftects via xy,-cut

M}-ﬂ% Y. Tachibana for the JETSCAPE Collaboration, ;A HP2024 September 23rd, 2024
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JETSCAPE Collaboration

- N
Presentations at ¢ HP2024

K |1

- Jets with hadronic rescatterings
Talk by H. Roch [Mon, 6:10 PM]

- Bayesian jet studies
Talk by P. Jacobs [Mon, 3:40 PM]

- Jet EEC

Talk by Y. He [Tue, 9:20 AM]

- Jet-soft correlations in small systems
Talk by S. Jeon [Tue, 4:15 PM]

- Photon-jet correlations
Talk by C. Sirimanna [Wed, 9:40 AM]
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- ep, ete”, pp studies with the XSCAPE framework

Thanks to my collaborators!
Poster by R. Fries [Tue, Poster]
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Multi-stage jet evolution in JETSCAPE

Majumder, Putschke, PRC 93, 054909 (2016), JETSCAPE, PRC96, 024909 (2017)

- In-vacuum: Virtuality ordered splitting

Small-0

Large-0

0° = p*p, — m*: virtuality (off-shellness)
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Multi-stage jet evolution in JETSCAPE

Majumder, Putschke, PRC 93, 054909 (2016), JETSCAPE, PRC96, 024909 (2017)

- In-vacuum: Virtuality ordered splitting

Small-0

Large-0O

0’ = p*p, — m*: virtuality (off-shellness)
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Multi-stage jet evolution in JETSCAPE

Majumder, Putschke, PRC 93, 054909 (2016), JETSCAPE, PRC96, 024909 (2017)

- In-vacuum: Virtuality ordered splitting

Small-0

- Large-Q: Medium effect on top of in-vacuum splitting

Large-0O

——>

0’ = p*p, — m*: virtuality (off-shellness)
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Multi-stage jet evolution in JETSCAPE

Majumder, Putschke, PRC 93, 054909 (2016), JETSCAPE, PRC96, 024909 (2017)

- In-vacuum: Virtuality ordered splitting

Small-0

- Large-Q: Medium effect on top of in-vacuum splitting

Large-0O - Small-Q: Splitting driven almost purely by medium effects

——>

0’ = p*p, — m*: virtuality (off-shellness)
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Multi-stage jet evolution in JETSCAPE

Majumder, Putschke, PRC 93, 054909 (2016), JETSCAPE, PRC96, 024909 (2017)

- In-vacuum: Virtuality ordered splitting

Small-0

- Large-Q: Medium effect on top of in-vacuum splitting

Large-0O - Small-Q: Splitting driven almost purely by medium effects

——)-

0° = p*p, — m*: virtuality (off-shellness)
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Multi-stage jet evolution in JETSCAPE

JETSCAPE, PRC107, 034911 (2023)

Coherence effects

......
. 3

~ ‘e .
.
.............

- Scale evolution of QGP constituent distribution

- Less interaction for large-Q? partons
— Implemented in MATT
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Multi-stage jet evolution in JETSCAPE

JETSCAPE, PRC107, 034911 (2023)
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Multi-stage jet evolution in JETSCAPE

JETSCAPE, PRC107, 034911 (2023)

Coherence effects

......
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- Scale evolution of QGP constituent distribution

- Less interaction for large-Q? partons
— Implemented in MATT
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Jet simulation with JETSCAPE

p+p simulation setup
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Jet simulation with JETSCAPE

p+p simulation setup

Hard Scattering: Pythia8 (w/ ISR FSR)
Parton Shower: MATTER (vacuum)
Hadronization: Lund String
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Jet simulation with JETSCAPE

p+p simulation setup
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Jet simulation with JETSCAPE

p+p simulation setup

Hard Scattering: Pythia8 (w/ ISR FSR)
Parton Shower: MATTER (vacuum)
Hadronization: Lund String

A+A simulation setup
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Jet simulation with JETSCAPE

p+p simulation setup

Hard Scattering: Pythia8 (w/ ISR FSR)
Parton Shower: MATTER (vacuum)
Hadronization: Lund String

A+A simulation setup

Hard Scattering: Pythia8 (w/ ISR FSR)
Parton Shower: MATTER+LBT (recoll on, 0., =2 GeV)
Hadronization: [Lund String
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Jet simulation with JETSCAPE

p+p simulation setup

Hard Scattering: Pythia8 (w/ ISR FSR)
Parton Shower: MATTER (vacuum)
Hadronization: Lund String

A+A simulation setup

Initial

Condition

Hard Scattering: Pythia8 (w/ ISR FSR) T(x) Initial Condition: TRENTo+Freestreaming
Parton Shower: MATTER+LBT (recoil on, Q,, =2 GeV) uh(x)

Hydro Evolution: VISHNU (2+1D viscous)
Hadronization: [Lund String
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Jet and single particle energy loss

1.0

0.0

M Y. Tachibana for the JETSCAPE Collaboration, ;&, HP2024 September 23rd, 2024

Pb+PDb collisions at 5.02 TeV

.
.
.
.
.
.t
.
.
.
.
---
.
.
.
.
P
.
Py
-

L

Ly

Lot

BRI

........

L] a

ay a
-

e
. ay
.......

e,

| | | |
® ATLAS [PLB 790, 108 (2019)]
B CMS [JHEP 05, 284 (2021)], |n;ct|<2.0
- — MATTER+LBT (w/ coherence effect) )
_ == MATTER+LBT (w/o coherence effect)

’0¢¢+

PbPb (0-10%), /38~ = 5.02 TeV

M anti-kt, R = 0.4, |yjet| < 2.8
d/ 2€\% Running Coupling

- AJEVILAPE Q=2 GeV "~
L I I I I I ' I
102 10°

Pt (GeV)

AAAAAAAA

JETSCAPE, PRC107, 034911 (2023)

| | | |
1.6 ~PbPb (0-10%),

VvV SNN = 5.02 TeV 7
M -

L 4k Iml < 1.0
- | ® CMS [JHEP 1704, 039 (2017)] JETSLAPE -
1.2 __ — MATTER+LBT (w/ coherence effect) __
1.0 =~ MATTER+LBT (w/o coherence effect) —
s ¢ _
S <
R 0.8 )
0.6 -
0.4 —
0.2 —
Running Coupling _
! ! I T N B B ! ! !
-0 01 107
PT (GGV)

27



Jet and single particle energy loss

JETSCAPE, PRC107, 034911 (2023)

Pb+PDb collisions at 2.76 TeV

r r r 1 [ rrrr 1 [ rr1rrr 1t J 1 rr1r 1 [ 11 1 1] 1.6 I I I I I I I I T T I I I I | I I I | I
1.4_— befb (0-5%), /SNy = 2.76 TeV ) "~ PbPb (0-5%), +/snvn = 2.76 TeV i
1 ok antl—kT, R = 0.4, |77jet| < 2 d/ m\gl _ 1°4__ |’I7| < 1.0 d/ er\gl —_
| [® cMS [PRC 96, 015202 (2017)] JEVIERFE 1.2 | ® CMS [EPJ C72, 1945 (2012)] JEVILAFE _
1.0 — MATTER+LBT (w/ coherence effect) - 0 ~ — MATTER-LLBT (w/ coherence effect) _
- fix __ . - U ]
E:‘é 0.8 .~ = 0.3, st = 2 GeV | '::g N ai;ix — 0.3, st — 2 GeV .
&t 1 & )
0.0 ® ® -
0.4F oo0® ® | _-
0.2F - i}
0. R N N N N T T N TR NN N RN NN TR BN T TN TR S A T TR MR A 0.0 —— I v « ¢+ 0 v 0 ¢ 01 ¢« ¢ 0l 0 1 11 |

%O 100 150 200 250 300 . 20 40 60 80 100

jet
pr (GeV) pr (GeV)

M Y. Tachibana for the JETSCAPE Collaboration, ¢, HP2024, September 23rc

, 2024

28



Jet and single particle energy loss

JETSCAPE, PRC107, 034911 (2023)

Au+Au collisions at 200 GeV
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Jet and single particle energy loss

JETSCAPE, PRC107, 034911 (2023)

Au+Au collisions at 200 GeV
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Jet substructures

JETSCAPE, arXiv:2301.02485

Jet Fragmentation Function
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Jet substructures

JETSCAPE, arXiv:2301.02485

Jet Fragmentation Function
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Jet substructures

JETSCAPE, arXiv:2301.02485

Jet Fragmentation Function
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Jet substructures

Jet splitting function

JETSCAPE, arXiv:2301.02485

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

Jet splitting function

JETSCAPE, arXiv:2301.02485

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

min(PT,la PT,z)
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Jet substructures

JETSCAPE, arXiv:2301.02485

Splitting radial distance distribution
- Competition between two opposing effects

Jet broadening by medium effect
VS
Larger energy loss for broader jets
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Jet substructures

JETSCAPE, arXiv:2301.02485

Splitting radial distance distribution
- Competition between two opposing effects

Jet broadening by medium effect
VS
Larger energy loss for broader jets
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Jet substructures

y-tagged jet substructures

JETSCAPE, in preparation
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Jet substructures

y-tagged jet substructures

JETSCAPE, in preparation
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Jet substructures

JETSCAPE, in preparation

y-tagged jet substructures
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Jet substructures

y-tagged jet substructures
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p*'ip!. dependence — energy-loss eff
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JETSCAPE, in preparation
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Summary

Multi-stage evolution of jet shower in JETSCAPE

- Qz—dependence N jet-medium interaction due to coherence effects

- Simultaneous description of jet and single particle at various 4 /Sy

Jet substructure modifications

- Sizable sensitivity of fragmentation function at large-pt to coherence effects

- Small sensitivity of momentum fraction of hard partonic splittings to medium effects
- Narrowing of hard partonic splittings of inclusive triggered jets due to energy loss

- Suppression of broadening in hard partonic splittings due to coherence effects

- Decomposition of multiple contributing effects by cross-analyses with y-tagged jet
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Multi-stage jet evolution in JETSCAPE

Z Small-0O

Large-0O :

Virtuality separation scale: Q.
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Multi-stage jet evolution in JETSCAPE
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Large-Q 4
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Multi-stage jet evolution in JETSCAPE

JETSCAPE, PRC96, 024909 (2017)

Graph of parton shower generated by JETSCAPE
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Centrality dependence

JETSCAPE, PRC107, 034911 (2023)

Inclusive jet R, , in Pb+Pb collisions at 5.02 TeV
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Centrality dependence

JETSCAPE, PRC107, 034911 (2023)

Charged particle R, , in Pb+Pb collisions at 5.02 TeV

1.4: 1 1 1 IIII 1 1 1 1.4: | | | IIII | | |

. PbPb (10-30%), v/ SNN — 5.02 TeV - - PbPDb (30—50%), v/ SNN — 5.02 TeV -

1.2F [Met] < 1.0 —~ 1.2 [mjet] < 1.0 _
L Qsw =2 GeV, af* =0.3 Qsw = 2 GeV, af* = 0.3

100_ _/\_//\/\/\_
| \]/ 2%
< 0.8
<

H#<7 [ JETSCAPE ] i
< 0.6 - N
0.4 o — -
° © ® CMS [JHEP 1704 039 (2017)] i - \]/ ® CMS [JHEP 1704 039 (2017)] i
0.2 _— — 4= G x £(Q?), JS (MATTER + LBT)__ 0.2 -_JETSEWI\:?IFE — 4 = G, X £(Q?), IS (MATTER + LBT)__
I I I ' B I I I I I I I ' B I I I I
0901 107 0901 102
pr (GeV) pr (GeV)

M Y. Tachibana for the JETSCAPE Collaboration, ;&, HP2024 September 23rd, 2024 37

AAAAAAAA



alX, O dependence

JETSCAPE, PRC107, 034911 (2023)

Charged particle R, , in Pb+Pb collisions at 5.02 TeV

- Results without coherence effects
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Coherence effects at high virtuality

Spectrum of induced gluons (Higher-Twist)
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