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Two ways: the How and the What

Modified fragmentation

. . ?
Jet-induced medium response Coalescence?

Energy flows

Constituent
identity

Medium-induced gluon bremsstrahlung
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Main subdetectors, as of mid-2010s e Dewres Calermais GOCT 8
Min. bias trigger; Ium|n05|ty monitoring.

Relativistic Heavy lon Collider (RHIC)

collides p+p, O+0, p/d/h/Cu+~u/AlL, Cu+Cu,

isobars (Zr+Zr, Ru+Ru), ~“u+-A0, +

Time Projection Chamber ( ) [|n] < 1]:
momenta of charged tracks + centrality + PID

Barrel Electromagnetic Calorimeter (BEMC) [| 7| < 1]:
neutral energy deposits + online trigger

Time of Flight (TOF) [|#| < 0.9]: PID + pileup mitigation

Heavy flavor tracker ( )[| 7| < 1]: displaced decay vertices  :Vertex Position Detector (VPD) [4.24 < || < 5.1]:
! Min. bias trigger; vertex reconstruction

RHIC/AGS AUM Jet Workshop, 5/11/2026 Isaac Mooney (Yale / CFNS) Image: NSWW


https://nsww.org/projects/bnl/star/sub-systems.php

Precision QCD; exploring the Lund plane
with multi-dimensional jet substructure

Path-length dependence of jet energy Separating p-QCD and np-

loss iIn medium with jet aniSOtrOpieS QCD with energy correlators
(with respect to event plane)

Energy flows

Energy-density dependence of jet energy loss in medium;

angular distribution of radiation in quenched jets
with inclusive/semi-inclusive jet & high-pt hadron yields

RHIC/AGS AUM Jet WorksNp, 5/11/2026 Isaac Mooney (Yale / CFNS)



Inclusive jet cross sections
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= |+ ° Present measurements | * Stringent test of vacuum pQCD
A 109k — —— NNLO pQCD ® CT18 X Chad
;S - \ —— —— PyTHIiA 6, STAR -
108 & — . .
£ F 1+ Constrain PDFs, with x coverage 0.07 - 0.5 and
= 107 _
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o - |
c e E /3200 GeV, Autikr R05
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10 % |77.| <. 0.19 . = Jet pr, GeV/c

30  Baseline for future studies with forward jets

pt, GeV/c _
STAR, arXiv:2603.28695 (Recently submitted to PRD!) (Varyl ng X )
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https://arxiv.org/abs/2603.28695

Energy correlators
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No need to recluster or remove npQCD contributions

Distinct scaling behaviors in the hadronic and partonic regimes

Change in scaling when virtuality ~ prR; ~ Agcp SO REranstion o 1 /py

1Basham, Brown, Ellis, Love, PRL 41 (1978), 1585
2Chen, Moult, Zhang, Zhu, PRD 102 (2020) 5, 054012
RHIC/AGS AUM Jet Workshop, 5/11/2026 |Isaac Mooney (Yale / CFNS) 3Komiske. Moult. Thaler. Zhu. PRL 130 (2023) 5. 051901



https://doi.org/10.1103/PhysRevLett.41.1585
https://doi.org/10.1103/PhysRevD.102.054012
https://doi.org/10.1103/PhysRevLett.130.051901
https://doi.org/10.1103/wv2t-dkgn

E n e rgy CO rre I ato rs Recently published! STAR, PRL 135 (2025) 11, 111901
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B jet jet —
- p+p, Vs =200 GeV -
o | B
L S o E -
~~~~ O ik B -
EEC(AR)z@dAR, =ZZ | o [ -
( ) jets i#j pT,jet T - -
"""""""""""""""""""""""""""""""""""" & 1

B 10_ :_ ﬁ:::EEEE::E:F::E-E‘E:E§:§§E£,5:: _:
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10—2 | 1 | I Lo T’llet I I ] L1 11

10°° 107 1

all

Data agree well with NLL pQCD calculation® (& MC models)

Data agree well with model assuming non-interacting hadrons

*Lee, Mecaj, Moult,
RHIC/AGS AUM Jet Workshop, 5/11/2026 PRD 111 (2025) 1, L011502 |Isaac Mooney (Yale / CFNS) 7



https://doi.org/10.1103/PhysRevD.111.L011502
https://doi.org/10.1103/wv2t-dkgn

O STAR Preliminary: s = 200 GeV 30 < Full Jet p_ <50 GeVi/c

oA ALICE Preliminary: fs = 5.02 TeV, 20 < Charged Jet p_< 40 GeV/c
’ ALICE Preliminary: ¥s = 13 TeV, 60 < Charged Jet p, <80 GeV/c
E n e r y ‘ O rre ato rs L] CMS Preliminary: ¥s = 13 TeV 97 < Full Jet p, <220 GeV/c
= CMS Preliminary: Vs = 13 TeV, 1410 < Full Jet p, <1784 GeV/c
.................................... O - : I II | a
m 1.4— —
o B 4 >
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o 12— —1 6
CD - —
- _ |T| (@)
C _‘ <
1 5 éﬂ %)
E2 _ 4
A AR. R el ekl 0.8— — O &
D e » L : 1 E; ] - 15 @
: . - . N
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""""""""""""""""""""""""""""""""""" B 1 = N
0.4 ] @ I
| ] Y
N\ Ey 0.2 — I3
B L1 l l L1111 i b ) I 'M
1072 10~ 1 10 10°

( pT’ jet) AR [GeV/c]

Testing approx. universality of transition region by comparing to LHC data:

~ 2 orders of magnitude in \/E and py ... from STAR — ALICE — CMS,

,Jet
transition region ~ 2 — 4 GeV/c

STAR x range more similar to CMS high-pt (high-x) jets than ALICE or CMS
low-pT jets — q vs. g differences

RHIC/AGS AUM Jet Workshop, 5/11/2026 Isaac Mooney (Yale / CFNS) 8


https://indico.physics.lbl.gov/event/975/contributions/8285/
https://indico.cern.ch/event/1139644/contributions/5541331/

Energy correlators
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NEW: extended to E3C — running of a, causes change in slope with pt”

*Chen, Moult, Zhang, Zhu,
PRD 102 (2020) 5, 054012
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https://doi.org/10.1103/PhysRevD.102.054012

\ el chEedl o
associated (near) Sl
trlgger i“- o
- 5 M;
Quenching in small systems? ¥ «eww=
o

With hadron-hadron correlations in oxygen+oxygen collisions

STAR, arXiv:2604.13935 (recently submitted to PRL!)

e |ndications from other sectors of QGP 1.5 .
formation in small systems at RHIC; b 01O P00 GV o -
no previous indications of jet quenching 1357 < p™ < 30 GeVic NN L

1_2_3<pass°°<7GeV/c Q § % =

o Per-trigger normalization of coincidence 11 S TS
measurements removes dependence on & 4o L — e » El-
Nconl present for inclusive measurements, oot * R E
significantly reducing uncertainty 0.8 " -

0.7 . _ —

e Suppression from baseline w/ 06f g e e
2.76 — 5.20 significance in 0-10% EA™. e
Suggests jet quenching in central O+0O EA interval

RHIC/AGS AUM Jet Workshop, 5/11/2026 *EA = event activity Isaac Mooney (Yale / CFNS) HP 2@25 10


https://arxiv.org/abs/2604.13935

With hadron-jet correlations in oxygen+oxygen collisions

STAR, arXiv:2604.13935 (recently submitted to PRL!)

* Semi-inclusive hadron-jet measurement 150 :
reduces bias; capture soft fragments from — qaf 07 970 1w = 20068V o =
quenching; study R dependence from 13F7 < §® < 30 GeVic N § o -
energy redistribution. 1.2 8 <P, <19 GeVle i 3 2 -

1.1 —

. - NN
 Models based on nPDFs with 8 b Semmemied %
no quenching predict O+0O/p+p ~ 1. 09 4 ‘ =

| | 0.8 '# [F %ﬁ =

e Suppression from baseline w/ 0O7TE o o, n o
3.5¢ — 5.00 significance in 0-10% EA*. 08> o R, =05 TRy =05 -
Suggests jet quenching in central O+0O 0.5 5 0% T020%  0-10% Y

EA interval
§\f’é

eeeeeeeeeeeeeeeeeee
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https://arxiv.org/abs/2604.13935

YApELR) s BN (R)
AT Yop(peh  R) (Prjec R) = N, dAg dpsh _dA
(pT,jev ) trig J 37/4 pTJet ¢

Recently published! STAR, PRC 111 (2025) 6, 064907,
STAR, PRL 134 (2025) 23, 232301

| | | 1 I | | | | | | | I | I | I | 1 I

"~ STAR O+jet: 11 < EtTrigj <15 GeV
T —
: Recoill jet yield suppression in Au+Au, reduced for
i Iarger_ R Jets ” Sahoo, PoS HardProbes2020 (2021), 132
107 Au+Au |5, =200 GeV, 0-15% = - e RHIC-STAR sy, | LHC-ALICE
- ] 10— Au+Au 200 GeV + Pb+Pb 2.76 TeV
| | | | | | | | | | | | | | | | | | | | — . R O 2
i | | | | | | | | | | | | | | | | | | | | : + R O 4 :
< y et 15 < E"'Ql <20 GeV T 8 *R=05 5 x
— % 6 C i PYTHIA-6 STAR tune pp reference '
] 0] :_ PYTHIA-8 pp reference +
: -‘F—J._,4__‘¢’—-----I---..'~~ E ®
_ - /é 0e ¢ \4 | *
<1 W2 e A
_ ‘o . x )
E 0 nd N ‘_k_ _: ___________ ,!_ _'_ e T T ———
N :pf;et 10-20 Gev/e = = pfh- 19-20GeVic | pih 11525 GeVie | p 10-20 GeVie p* :60-100 GeV/c
25 _9 — STAR Prellmlnary i arXiv:2006.00582 IPRC 96 (2017) 024905; JHEP09 (2015) 170
Y, Het n'+jet Inclusive jet h+jet h+jet

RHIC/AGS AUM Jet Workshop, 5/11/2026 Isaac Mooney (Yale / CFNS) 12


https://doi.org/10.22323/1.387.0132
https://doi.org/10.1103/8b8y-98yh
https://doi.org/10.1103/PhysRevLett.134.232301

Yo R Sl A’ N (R)
M= T Ry Prie = B e aa
(PT,jet» ) trig J37/4 PT jet ¢

Recently published! STAR, PRC 111 (2025) 6, 064907,
STAR, PRL 134 (2025) 23, 232301

: l In(’ii-jel’[: I11| <|Efr:igl< 1|5 |GueIVI l I_'lo‘ui"Alu ; l:
o | Recoill jet yield suppression in Au+Au, reduced for
larger-R jets
 STAR [S=200 GeV, 0-15%
0.1 —_| o e | 1 " - - m
L, o b 0ey " Clear observation of intra-jet broadening
. — — PYTHIAG STAR Tune: p+p _
B
0.1 — | N R N RN R RN T N A T B R B T
5 10 15 20 25
pﬁr’}et [GeV/c]
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https://doi.org/10.1103/8b8y-98yh
https://doi.org/10.1103/PhysRevLett.134.232301

YMpfeR) 1| ENgR)
AA — ch Y(pTJet’ R) = dA¢ ch
YPP(pFier R) Nuig J34 dpfedAg

Recently published! STAR, PRC 111 (2025) 6, 064907,
STAR, PRL 134 (2025) 23, 232301

i O4jet: 11 <E " <15GeV -
. \_f/’ S Recoll jet yield suppression in Au+Au, reduced for
_ I larger-R jets
Au+Au |s,,=200 GeV, 0-15%
10—1__ 1 1 1 ] 1 1 1 1 1 1 ] 1 1 1 ? - - - =
T e ey | Clear observation of intra-jet broadening

dir T
m— | BT Hybrid w/ wake | Hybrid w/o wake
1 |

Models unable to quantitatively describe the effect

10_1—_|||||||||||||||||||||?
5 10 15 20 25

ch
pT’jet [GeV/c]
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https://doi.org/10.1103/8b8y-98yh
https://doi.org/10.1103/PhysRevLett.134.232301

4

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

Recently published! STAR, PRC 113 (2026) 1, 014902
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RHIC/AGS AUM Jet Workshop, 5/11/2026

Substantial R-dependence of acoplanar yield:
small-R suppression, large-R enhancement

Disfavors Moliere scattering picture (naively
radius-independent)

Potential medium response effect?

Isaac Mooney (Yale / CFNS) 15


https://doi.org/10.1103/k29c-d5ry
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Recently published! STAR, PRC 113 (2026) 1, 014902
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Substantial R-dependence of acoplanar yield:
small-R suppression, large-R enhancement

Disfavors Moliere scattering picture (naively
radius-independent)

Potential medium response effect?

Models unable to consistently capture trends

Isaac Mooney (Yale / CFNS) 16


https://doi.org/10.1103/k29c-d5ry

Charm quark energy loss,
diffusion, fragmentation

modification in medium

with charmed-jet yields Hadronization

mechanism
with flavor correlators

Constituent identity

Hadrochemistry modification

via medium response
with baryon-to-meson ratios

RHIC/AGS AUM Jet Works®op, 5/11/2026 Isaac Mooney (Yale / CFNS) 17



_ bath of charges
| _ «—— With no net
|“ d - p+p VS =200 GeV - charge
: -0.11 anti-k7 jets, R = 0.4, In| < 0.6 ]
d Charge-neutral pair | iet with
rC = -1 H‘mrrinl i O -0 2_ = e fFo=—F—-—=kF======= F-————=- | ~NO nhet
- -
‘|||IHHH - T T -0.31 s : charge
N u i - ; % 04 -2 F :
i Nss o Nos ' 5
Ve = -0.5
N 4 N HH Corrected STAR data
__________________ SS ' ~70S 06k HH  HERWIG7 default tune
| HH PYTHIAS8 Detroit tune
0.7 HH PYTHIAG STAR tune
Leading charge correlator, r., can probe g gl Random track pairs i ets (STAR date perfectly

L 7L SRS - 20 25 30 35 40 correlated
contribution of string-like fragmentation full jet by [GeV/c) -

First pp measurement. MCs predict more charge correlation than supported by data

Outlook: extension to heavy-ion collisions ongoing

Chien, Deshpande, Mondal, Sterman,
RHIC/AGS AUM Jet Workshop, 5/11/2026 Isaac Mooney (Yale / CFNS) PRD 105 (2022) 5. L051502 18



https://doi.org/10.1103/PhysRevD.105.L051502

Recently published! STAR PRL 135 (2025) 11 111901
I 1 1 I I I I I
STAR anti-k, R _06|n |<O4

S 1 """""""""""""""""""""" | p+p, Vs = 200 GeV
.EEC(AR) = — Sl
EEC(AR) = 5200 0= 3 3

pTJet

A—20<p_ <30 GeVic —— PYTHIA 8 -

* Data — = HERWIG 7

New charge-dependent EEC & E3C — in hadronic regime, both MCs fail
to capture data; qualitatively consistent with behavior seen in r.

§\6/L—é

Outlook: Extension to heavy-ion collisions ongoing A

eeeeeeeeeeeeeeeeeeeee
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https://doi.org/10.1103/wv2t-dkgn
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o ¥ T o g o ' F ! 2 _
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| : : : : | : : : : | : : : : | : : : : | : : : : | : : : : | : : : : | : : : : | : : : :
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GeV/c] Z iy = .

Pt jet [ Jot = Pr 5o Pr 0o/ P et Ar

Testing charm quark energy loss, fragmentation modification, and diffusion

RHIC/AGS AUM Jet Workshop, 5/11/2026 Isaac Mooney (Yale / CFNS) Ke, Xu, Bass, PRC 98 (2018) 6, 064901 20



https://doi.org/10.1103/PhysRevC.98.064901
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8 - B T, Unc. 1<p [GeVic] <10 : 8 - — LIDO (MPI = off) Stat. Unc. Only 1<p__[GeVic]<10  — 8 ~ —— LIDO (MPI = off) Stat. Unc. Only 1<p__[GeVic]<10  —]
CI) —— LIDO (MPI = off) Stat. Unc. Only( 5 CID 1.5 5< pT”Jet [GeVic]<20  — CID 1.2 - 5< pT,’Jet [GeV/cl<20
L e o e EECSTTTEE P - : ¥ - : :
i X T + i 1 _—---%‘ ------------------------ SR A i I I | —
~= - ¥ - | ¥ | ~4 - | ~ 1 ¥ o S SEEELLEEEEELLLEE I —
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GeV/c] Z, .= . /

Pr et [ Jot = Pr jorPr 0P et Ar

Testing charm quark energy loss, fragmentation modification,\and diffusion
Hint of yield suppression. Hard-fragmented charm jets suppressed. No diffusion.

Model including radiative and collisional energy loss during heavy quark evolution
underpredicts central yields — MPI might be important for DO pt ~ 1 GeV/c

RHIC/AGS AUM Jet Workshop, 5/11/2026 Isaac Mooney (Yale / CFNS) Ke, Xu, Bass, PRC 98 (2018) 6, 064901 21



https://doi.org/10.1103/PhysRevC.98.064901

STAR, Au+Au VSNN = 200 GeV, Full anti-kT Jets

ILIDO | T 1< plT o [GeV/c] <10 STAII? Preliminary -

CCNU T Iﬁdetl <1-R
", 2 1 5< p, , [Gev/c] <20 12 o
oC C
< ¢ I |
g.‘gé o e e M I e T %?5

\ | \ \ ! ! | ! \ \ \ | ! ! \ ! |
o) 10 o) 10
pT,Jet [GeV/c] pT’Jet [GeV/c]

Wider jets @ more medium interaction/E-loss = ratio < 1,

but recover more energy + more potential for medium response =— ratio > 1
Observe: No radius dependence of R, within uncertainties.
Agrees with models predicting minimal R-dependence of suppression.

S — 7 == .%

e ]
—_—

Outlook: measuring generalized angularities AT

RHIC/AGS AUM Jet Workshop, 5/11/2026 Isaac Mooney (Yale / CFNS) HP 2@26
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Using baryon-to-meson ratios in jets

Luo, Mao, Qin, Wang, Zhang, PLB 837 (2023) 137638

0.8 Medium affects the jet. The jet also affects the

| S medium: “medium response”
—~ gL~ 30— 50% ]
R 50 — 100% Wake pushing medium particles into jet?
= [ [T | Thermal-shower recombination?
= 04F .
= s : — possible enhancement of in-jet baryon-to-
E - meson ratio in A+A
So02f 0 —— - _
____;_';'j—'—r P —
S (.)-i2 Ol4 0f6 018 1

RHIC/AGS AUM Jet Workshop, 5/11/2026 Isaac Mooney (Yale / CFNS) 2Hwa, Yang, PRC 70 (2004) 024904 23



https://doi.org/10.1016/j.physletb.2022.137638
https://doi.org/10.1103/PhysRevC.70.024904

Using baryon-to-meson ratios in jets

in-Jet Ratios with R = 0.4, Jet p'Talw >9 GeV/c, p$°"8t > 2 GeV/c

51'2_ X L. —H— p+p in-Jet
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0000050702030 702020 02620 0 0 0 % %%
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Medium affects the jet. The jet also affects the
medium: “medium response”

Wake pushing medium particles into jet
Thermal-shower recombination

— possible enhancement of in-jet baryon-to-
meson ratio in A+A

No observed modification of in-jet p/r ratio for
R =0.2 - 0.4 jets In the kinematic range studied,
within uncertainties

Isaac Mooney (Yale / CFNS) 24



Using baryon-to-meson ratios in jets

in-Jet Ratios, 2.0 < ptTraCk <3.0 GeV/c

0.5¢
Soas e e T Medium affects the jet. The jet also affects the
0.4k = Au+Au, 0-10% medium: “medium response”
- — — total sys unc.
0.35 - uncorrelated unc. _ . _ _ _
0.3 —e pip Wake pushing medium particles into jet
0251 | 1 Thermal-shower recombination
: !
02F T . .
N — — possible enhancement of in-jet baryon-to-
P . % meson ratio in A+A
0.0/ t . e .
e Do not observe linear modification of in-jet p/x

Cooe ek es o es e 2% ratio in the kinematic range studied, within
uncertainties

RHIC/AGS AUM Jet Workshop, 5/11/2026 Isaac Mooney (Yale / CFNS) 25



Physics from the STAR jet program

Testlng limits of

Evidence for jet models’ description:
quenchingin of charge flow of
0+0 collisions hadronization
Strlngent Suppressmnofjets
tests of pQCD with hard- fragmentlng
and PDFs charm hadrons -
Ewdencefor I\/Iedlummduced
medium response hadrochemistry effect
effect on recoll jet not observed in jets

acoplanarity

Isaac Mooney (Yale / CFNS) https://drupal.star.bnl.gov/STAR/presentations 26
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https://drupal.star.bnl.gov/STAR/presentations

Hard probes at STAR

BEMC - Magnet

A TPC BBC

RHIC/AGS AUM Jet Workshop, 5/11/2026 Isaac Mooney (Yale / CFNS) 27



Jet

Heavy Flavors

STARIng into the future

P, [GeV/c]

Runs 23+25".2 200-

@ STARUNti1 2015 @) STARToday () STAR 2023+2025 LHC Published . .

AR FST TGC Precision tracking

Jet+hadron —:D

Awserr | ™SS ETOF W/ s, o EFP Forward jets —

h'/® + Jet L e = Y A /== )

: — FECal different x; g v. g

i) ’ /’/ o FCa Unpiased

v, — | £ centrality/EP

v, - determination

bk I ‘ EREEEEE

Wy —— DAQ) rate: 5 kHz
T 2 345 10 20 Etcl

GeV Au+Au: 4.3B high-lumi/high-pT triggered events +

35 nb~! additional high-pt O+0: = improved acceptance, uncertainties,
kinematic reach / overlap w/ LHC, etc. At least a decade of data analysis left!

RHIC/AGS AUM Jet Workshop, 5/11/2026
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https://drupal.star.bnl.gov/STAR/starnotes/public/SN0793
https://drupal.star.bnl.gov/STAR/starnotes/public/SN0819
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Thank you!

Isaac Mooney (Yale / CFNS)
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SoftDrop and the Lund Plane

110500 I
pQCD E _ / :
%, . <=Pr2/Pr
K2 I . :
SR\ ik = 2prsin(AR)
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P N\ ©
e - %
S, P
’){e QO;Q
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npQCD soft, collinear
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Image: Laura Havener, modified from
Andrews et al., J.Phys.G 47 (2020) 6, 065102
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Image: Larkoski, Marzani, Thaler, Xue, PRL 119 (2017) 13, 132003

SoftDrop? grooming: reduce soft non-perturbative contribution
— Dbetter theoretical control

RHIC/AGS AUM Jet Workshop, 5/11/2026 Isaac Mooney (Yale / CFNS) TLarkoski, Marzani, Soyez, Thaler, JHEP 05 (2014), 146 30
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! % O0<Rg<0.15 —+— PYTHIAS8 Detroit tune | ' * AM=0 —— PYTHIAS8 Detroit tune -
7t % 015<Rg<03 —F- HERWIG7LHCtune - . % 0<AM/M<02 =+- HERWIG7 LHC tune
/ = gl 0.3<Rg<0.4 : 8| AM/M > 0.2
s | : L STAR Preliminary
< 5F STAR Preliminary ke) .
~ - = 6F p+p Vs =200 GeV
O S p+p Vs =200GeV £ anti-kt full jets, R=0.4, |n|<0.6
O < B 4 anti-kr full jets, R=0.4, In|<0.6 = S (Zeut1, B1)=(0,0), (Zcut2, B2)=(0.1,0)
N— S = (Zcut1, B1)=(0,0), (Zcut2, B2)=(0.1,0) = ' MultiFolded with pr, Q, M, Mg, Rg, Zg |
S Sy T 3 - MultiFolded with pt, Q, M, Mg, Rg, Zg- o 4 i -
D ~|‘| o | ' 3 i 20 < pr,jet < 30 GeV/c
o O = 2t 20 < pr.jet < 30 GeV/c i | i
S, o) — 21 =
C s -
0 — A A 1 A A A 1 A . N 1 L L — '_ % . . A 1 A . . 1 4 s . 1 A N s
0.0 0.2 0.4 0.6 0.8 1.0 y 0.2 0.3 0.4 0.5
AM/M Zg

First application of MultiFold at RHIC

Image: Tai Sakuma

Correlation between R,, z, and AM consistent with angular ordering
+ Kinematic constraint between early and late time splittings

RooUnfold: D’Agostini, arXiv:1010.0632 N'V' “:'Fo'dzTﬁ”?reasseL”{ 2’10”2”632‘(09’ 1'\get1°8d2'8‘(’)’1
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MultiFolad

Method: machine learning

Detector-level Detector-level E.g., Iteration 1, step 1:
X A H .
_ Data Q‘\ e Data Weights: vy (x) = po(x)/p1(X) Ok for 1D
- ) — Po (X) ~ (Andreassen and Nachman
% \ ' ) "‘f(x)/(l - f(:L’)) PRD 101, 091901 (2020))
N\ g where f(x) is a neural network and trained with the binary cross-

Step 1: > x entropy loss function

o x4 Simulation: S
) % PYTHIA+GEANT to di §t| nguish jets
Z Simulation = /N coming from data vs
s L s T \ from simulation
N - "{ \

| . X

Unfolding - Reweighting histograms

Where does the machine - Classification = Neural network

learning part come in?

DIS, 3/28/23 Youqi Song 38
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MultiFolad

Method: machine learning

* Architechture: Dense neural network Activation
function for dense layers: Rectified linear unit

e Activation function for output layer: Sigmoid

* Loss function: Binary cross entropy
loss(f(x)) = — ZIOg f(xz;) — Zlog(l — f(z;))

€0 €1

* Optimization algorithm: Adam
https://arxiv.org/pdf/1412.6980.pdf

* Nodes per dense layer: [100,100,100]

 Qutput dimension: 2

* |nput dimension: 6

* All hyperparameters are default:
https://energyflow.network/docs/archs/#dnn

DIS, 3/28/23

Activation function for dense
layers: Rectified linear unit

f(z) = ¥ = max(0, z)

\ %
4 ‘\’ b
. \ \ 2 /
N .
‘~.f\ \ \ Y
Nt - p -
\ % S. 5 \—..\;< o
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/ X, \ N
A3 % \
100 nodes in each layer
/.\,‘/ & X
ey YAV b
g _)X‘ A ’
4 . Sy " Z -
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Youqi Song
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Activation function
for output: Sigmoid
1

fl) = 14e%
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Acoplanarity hybrid model comparison

I n more d eta I I pp, Au-Au 0-15% |5, =200 GeV, 11 <E. ° < 15 GeV

,
Data p’ €[5-10] GeV/e py’, €[10-15] GeV/e
Hybrid without wake with wake | without wake  with wake
R=0.2| mgu ] 7
R=05| -e- - \\
— [ I [ [ [ [ | [ [ [ [ | —
10 _
= - —+ -
=, - —— -
_< E /Y dir+l et = T —— A A I K KR AAARAN AV 8 84 A AR ARAY Y55 48 88 8 5 A E g R ” E
_1L_peh - t _
107k pT’jete [10-15] GeV/c _
— I | | I | | | | I I | | | |
[ | T T T T | T T T T I T ]
u STAR —
10 = =
= - i —
< 1 \ ~
N— — —_— e =
= = n'+jet e -
1071 & pr’h_ S [10-15] GeV/c aaaaAlllAL —
= 95% CL =
[ I 1 1 1 1 I 1 1 1 1 I ]
2 2.5 3
A [rad]

The radius-dependence of the acoplanarity is qualitatively
described by hybrid with wake, for a lower pt range than the data

RHIC/AGS AUM Jet Workshop, 5/11/2026 Isaac Mooney (Yale / CFNS)



. . . K . . e I U Y e
Bulk_ls tilted In hea}vy jon collisions:2 V(pr,y) = (cos(¢p — Wrp))! E
causing asymmetric paths for 5 e .
isotropically produced hard probes f
Jet v,: a new observable to probe X
pathlength-dependent energy loss In g Au+Au, \Syy=200 GeV, 10-40%  STAR Preliminary
QGP 5 005 Anti-k;, R=0.2, p>™ > 0.2 GeV/c

i Charged jets, Inl <1 - R
Clear v, signal for studied jet R, P >4 Gevle
pr:7—20 GeV/c,in data, U
. . - & -

similar for isobar systems as well IR t - Ch. hadron

-0-Ch. jet, R=0.2
Outlook: event-shape engineering with -0.05—
multiplicity fluctuations e

pT,Ch or p_frej"; (GeV/c)

RHIC/AGS AUM Jet Workshop, 5/11/2026 Isaac Mooney (Yale / CFNS) 'Chatterjee, Bozek, PRL 120 (2018) 19, 192301 35

2STAR, PRL 123 (2019) 16, 162301
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With MultiFold

@

X
10 —
“ . I_ /

[ Au+Au |s,, = 200 GeV
20 < P, = 45 GeV/c
11— antik, jets, R = 0.4

1/N,,dN,, /dg

= I |<1.0R
C A, >04
- P> 2.0 GeV/c
B Nc,onst- 2

_ | |

Data corrected using = 2 5ystematio uncerant
L15E
™ ™ o
MUItIFOId In 7D j:o 1L ’ - EI—*—I—H—x.— ”
05 F ¥ low g high g
S 0002 004 006 008 01

Generalized angularities allow tunable contribution of momentum, angular
scales in IRC safe way

With conservative systematic uncertainties in biased population, girth in
peripheral and central collisions are consistent
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