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Soft-drop 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

vacuum parton splitting
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Soft-drop groomed substructures modification in inclusive jets

Medium effects on inclusive jet substructure 2 e T T
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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 ~ pP*e)

14 jet
- . Pt

- y-jetassymmetry: x;, = —

Y Y Y
pT pT
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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 IR

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

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
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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

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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Setups

Recoil medium response

IN-meaium

. - Thermal medium partons kicked out by jet parton

- Propagate as part of the jet with sulbsequent
medium interactions.

- Holes: local depletion left by recolls
(free-streaming, separately hadronized for subtraction)
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Results
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r.-modification: single parton simulations

g JETSCAPE, Phys. Rev. C 113, 034910 (2026)

- Prominent bump in quark jets

A —/v"‘j - Barely noticeable modification in gluon jets

T’ff - No narrowing in actual substructure moditication
3, — — : : : — — : : : — — : : : — — : :
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S

r.-modification: single parton simulations

JETSCAPE, Phys. Rev. C 113, 034910 (2026)

- Recolls dominate the bump In quark jets

e /Emlt > 0.8 et /Emlt > 0.6 et /Emlt > 0.4 et /Emlt > 0.2
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r -modification: inclusive vs g'-ta ged

g JETS

E, Phys. Rev. C 113, 034910 (2026)

pr: ,/'.4;’ - Quark jet characteristics observed in y-tagged jets

T’ff - Gluon jet characteristics observed in inclusive jets

5 L 100-120 Ge\/ L pi' 140-160 GeV prt 200-250 GeV

Jet 300-500 GeV
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r.,-modification for y-tagged

JETSCAPE, Phys. Rev. C 113, 034910 (2026)

- Disappearance of narrowing due to reduced selection bias

4N

x4 0.8-1.0 | 34: 0.6-1.0 | x34: 0.4-1.0 | 340 0.2-1.0 :
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A <, [ | .
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m_ -modification from single parton simulations

S

JETSCAPE, Phys. Rev. C 113, 034910 (2026)

- Prominent bump in quark jets

A —/v"‘j - Barely noticeable modification in gluon jets

T’f - Mass loss due to out-of-cone radiations/scatterings
Nt (radius effects)
e il o R o _
- 75/ Euie > 08 | PE/ B > 0.6 | P8/ B > 0.4 ; P By > 0.2
E L — quk | | A\

——- Gluon Jet | ;; AETSERFE
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JETILAPE
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PbPb

-modification from single parton simulations
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JETSCAPE, Phys. Rev. C 113, 034910 (2026)

- Recolls dominate the bump In quark jets
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m_-modification: inclusive vs Y- tagged

g JETSC

E, Phys. Rev. C 113, 034910 (2026)

pr: ,/'.4;’ - Quark jet characteristics observed in y-tagged jets

T’ff - Gluon jet characteristics observed in inclusive jets
2.0 ——————
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m -modification for y-tagged

g JETSCAPE, Phys. Rev. C 113, 034910 (2026)

| 7 =t - Persistence of the radius effect despite reduced selection bias
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Comparison with Experimental Data

JETSCAPE, Phys. Rev. C 113, 034910 (2026)

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

Soft drop groomed jet substructure in y-jet
- Reduce/control the selection bias arising from triggering on jet pr.

- Explore flavor dependence

Simulations with the JETSCAPE framework
- Multi-stage jet shower description with the recoill medium response

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

- Selection bias can be controlled in y-jet events, while the radius effect remains, particularly

for dimensionful olbbservables.
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- Multi-stage jet shower description with the recoill medium response

- 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 broadening by recolls in y-tagged jets, dominated by quark jet characteristics

M Y. Tachibana for the JETSCAPE Collaboration, C3NT Workshop, March 24th, 2026

21



JETSCAPE Collaboration

AT ¥ Y | .
- i | | | |
¥ - ‘. ‘ :
\ - \ l V
1 o , ' p .I \ | l ‘
- ’ . - 1 i v
.l < ‘ \ - . II ‘ . | :A
. N ’ P i i - .. I
: ™~ ‘ 7
- \ f‘
1@ 50 i 1
- ‘ v . ‘L
. | | :
i - : . ‘ | -*‘ -
& y ‘ et ' t - ’ {
~—, 3 a .> p GO ™
’. | b g 3 (L :

Thanks to my collaborators!

M Y. Tachibana for the JETSCAPE Collaboration, C3NT Workshop, March 24th, 2026 22



Y. Tachibana for the JETSCAPE Collaboration, C3NT Workshop, March 24th, 2026



Publication 1: y-tagged Jet Production w/ ¥ from Partons Showers
Led by C. Sirimanna, Y. Tachibana, A. Majumder

(Leading Order) Prompt Photon Events

7

Py
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Publication 1: y-tagged Jet Production w/ ¥ from Partons Showers
Led by C. Sirimanna, Y. Tachibana, A. Majumder

Full Events (Including ¥y from Showers)

4W
Py
’ T

p? Implemented in the MAT TER module

Y. Tachibana for the JETSCAPE Collaboration, C3NT Workshop, March 24th, 2026 25



Publication 1: y-tagged Jet Production w/ ¥ from Partons Showers
Led by C. Sirimanna, Y. Tachibana, A. Majumder

y-iet Asymmetry (X;, = pi*/p]) in pp

The vacuum MATTER parton shower within JETSCAP
CMS: smeard, ATLAS: unfolded
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Publication 1: y-tagged Jet Production w/ ¥ from Partons Showers
Led by C. Sirimanna, Y. Tachibana, A. Majumder

y-iet Asymmetry (X;, =

- The in-medium MAT TER+
CMS: smeard, ATLAS: un

‘olded
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pit/p?) in PbPb

ST parton shower within J
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Publication 1: y-tagged Jet Production w/ ¥ from Partons Showers
Led by C. Sirimanna, Y. Tachibana, A. Majumder

Augular Correlation A¢ = | ;i — ¢, |

- The vacuum MAT TER parton shower for pp
- The In-medium MATT

R+LBT parton shower for PoPb

.....................................................

JETSCAPE ¢ CI\IS :. — .‘ ................. ‘,A‘v.‘./,_.r,l. — T Cl\,IS ............... ‘,A‘v.‘.r,_. ,I. — JSSSmasmms ﬂ).'. ,_. ,I. ——
Full Events : [PLB 785, 14-39 (2018)] f— %EH‘%CVT?IEE pp : 40 »JO:G(}V - ¢ PLD 785, 14-39 (2018) pp : 50 GO:GeV pp : 60 80:(}0\/_-
nt 1 =1 ; .
-=. JETSCAPE | [
- = JETSCAPE
100F Prompt Photon Events 100 Prompt Photon Events
(“\% E ] [
> KYRSY |
Z < [ . L I
=S [ % § i l
S \ , I
— | - ,: B ‘ J "
’Z 10-1L , i 1 ) 1 i ‘_"Z 10 l:" ¢ :
] } I
|| + I
L () : . L r- :
| == L | !
fm———— 10726 | e I '
10_2 e "'.I ————— :: +———+ “_:-:_:_:_:_:_:_:_: ———— :I. —— = = === l-_-_-_-_l ............ :
v o [ i e B L LA R - I :
J bO—lOO:GeV : pp smeared (0-30%) InclusivePhoton pp > 100 :GeV - PbPb (0-30%) InclusivePhoton
: - | L ] sww = 5.02 TeV In,| < 1.44 ' (@ | ! [ /Snv = 5.02 TeV | < 1.4
I
1()() L : 1 ZAr<().4ET <9 GO\/ |T]j€f| < 1.6 i 100 L : + ZA,-<0.4ET <5 GeV ]*r]j(,,] < 1.6
o | anti-kp, R = 0.3 e i | F anti-kp, R =10.3
o Y I [
= | =< |
S il ik ’
I 107 ¢
< 10~ o (7,- | - < : + | |
I [
: 3 I M | | : M
} — l —_—— /
. ______ | | I . ’"in\glmm ______ I ! : w nﬁmu
: it JETSLCAFE 102 : : JETSCAPE
_________ | A S
02 AT S N P S [ S S T
0.0 0.5 1.0 1.5 2.0 2.5 3.00.0 0.5 0.5 1.0 1.5 2.0 2.5 3.0 0.0 0.5 1.0 1.5 0.5 1.0 1.5 2.0 2.5 3.0
A¢ A¢ A¢ A¢

Y. Tachibana for the JETSCAPE Collaboration, C3NT Workshop, March 24th, 2026 28



Publication 2: Hard-Soft Correlation in Small Systems
Led by I. Soudi, W. Zhao, A. Majumder, C. Shen

Soft-hard coupled initial condition: 3D MC-Glauber + iI-MATTER within XSCAPE

40 LA B B R
E q
3.5F Decreasing Virtuality |Q?|=—t,
3.0F
5 _A_@—to - S wif y B
,-\2'5:— Zo %xl % Coe %-’%-1%3&.
E 2.0k \
~ . _f
1.5F
1.0F
0.5} : - ISR simulated by negative virtuality evolution
0.0 — 70 7 "1 "% - Initial energy subtracted from 3D Glauber

Tl
- String deceleration of valence quarks

- Dynamical Initialization of hydro via source term
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Publication 2: Hard-Soft Correlation in Small Systems

Led by |. Soudi,

Spectra including both soft and hard contributions

- Hydro (soft): 3-D Glauber — MUSIC (3D Hydro with Sources) — Cooper- Frye

- Frag (hard): -MA
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Pythia (Hard Scattering) — MA
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Publication 2: Hard-Soft Correlation in Small Systems
Led by I. Soudi, W. Zhao, A. Majumder, C. Shen

Spectra including both soft and hard contributions

- Hydro (soft): 3-D Glauber = MUSIC (3D Hydro with Sources) — Cooper- Frye
- Frag (hard): -MA

R — Pythia (Hard Scattering) — MATTER (Parton Shower) — Pythia (Hadronization)
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Publication 2: Hard-Soft Correlation in Small Systems
Led by I. Soudi, W. Zhao, A. Majumder, C. Shen

Evaluation of energy loss with jet-medium interaction energy profile (GeVifm’) g
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Preprint 1: In-medium Hadronization by Hybrid Hadronization

Led by A. Sengupta, R. J. Fries, M. Kordell Il, B. Kim

String Fragmentation and Recombination

- In-vacuum hadronization (high-p)
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- In-medium hadronization (mid-pr)
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Hybrid hadronization model

- A hybrid of string frag. and recombination

- Allow string frag. and recombination including
thermal partons sampled at 1'= 1
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Preprint 1: In-medium Hadronization by Hybrid Hadronization
Led by A. Sengupta, R. J. Fries, M. Kordell Il, B. Kim

Baryon Ratio Enhancement

Vacuum Vacuum
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Preprint 1: In-medium Hadronization by Hybrid Hadronization
Led by A. Sengupta, R. J. Fries, M. Kordell Il, B. Kim

Medium Flow Effects on Jet Profiles

Distortion

d*N/(dp, dp_)
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Broadening by thermal partons
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Preprint 2: Substructures of y-tagged jets

Led by Y. Tachibana, C. Sirimanna, A. Majumder

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

P/ B > 0.6 P B > 0.4 Py B > 0.2
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Preprint 2: Substructures of y-tagged jets

Led by Y. Tachibana, C. Sirimanna, A. Majumder

- Realistic event generation by Pythiad hared scatterings
(MPI: ON, ISR: ON)
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Preprint 2: Substructures of y-tagged jets

Led by Y. Tachibana, C. Sirimanna, A. Majumder

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