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sPHENIX high-p Measurements

- »
With p+p collisions:

Baseline measurements and
pQCD vacuum references:

Isolated photon cross-section

Inclusive Jet cross-section

~

/New Au+Au results: .
Dijet asymmetry

g

Fully unfolded per pair

normalized dijet asymmetry
\ with theory comparisons /
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SPHENIX Detector

i — Supercondiching Outer Hadronic (" )
! | ! e, Magnet Calorimeter ~ © Photons:
| Rl Ny B~ e Clusters are built from EMCAL
S X | towers
L Electromagnetic All calorimeters summed in
=2 Calorimeter " | jsolation energy
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Jets:

anti-k; jets are clustered with
calorimeter towers in the
EMCAL, IHCAL, and OHCAL

Minimum Bias
Detector (MBD)

M

MAPS-based Vertex
Detector (MVTX)

MBD is used for vertex
determination and event
classification

TPC Outer
Tracker (TPOT)
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Run 24 p+p and Au+Au data set

pp inelastic collisions

The p+p results are from the high-statistics, The Au+Au results are from the 2-3 week Au+Au run
jet/photon-triggered dataset (107 nb-") at the end of Run 24 (total 0.1 nb-")
sPHENIX Run 2024 pp (s=200 GeV SPHENIX Run 2024 Au+Au |s,,=200 GeV
X1 012 H > o e e r=1 - et — 7)) X‘! O\gr‘r’PWZG‘ T T L T T Crv_ﬂ)—2"l T LI L B T T T Th? E{‘d\ 0.25 p—
5— : I I c - : ] -
- i .-g.' % 16 Wl sPHENIX Data ;T g
... - - oz 2 - 241 3
: Calorimeter Data (crossing 0.0 & 1.5 mrad, all z-vertices) - 8 1.4 — — Min.Bias Izl<150 ¢m = 0.239 nb" ‘/ 0.2 E
4— = Photon / Jet Trigger Sampled = 107.4 pb” / B .g L2 — _ Min.Bias IzI<10 cm = 0.201 nb"' .o 4 g
B 238.6% of Run Goal : : : : : 5 100 g z 12— - i Bi 1 .’"/ -° / i E
: . § 3 E - Min.Bias w/ Trackers Izl<10 cm = (').121 r.ib .‘“./ P o/ 3
3 80 ; 1 — Includes MVTX and TPC test configuration runs .,'!. —0.15
- = g ]
;) :
N 60 3 08— - ]
2 - 2 —0.1
- — 0.6— a
N " ... : . 40 - i
: H Calorimeter Data (crossing 0.0 & 1.5 mrad, all z-vertices] i —
1 5 04— B
- - Min. Bias Recorded = 0.84 pb 20 - ] 0.05
: 3 B e I e S AR 0.2— ]
J9n;11 quj-oz : Jull-14 i.Jul-zs Taj-t)lsl éiu 1-1;61 ' Al;u l-2}3 e lEo'ts L L;sle 1-1'9;1 ' 6ct-u17 0 @—-«—“' 1 - N R R R S
g g g P P D05 Oct07 . Oct09  Oct-11  Oct13  Octd4  Oct16  Oct-18  Oct20  OctJ2

September 9th, 2025 Initial Stages 2025 5




Jet and Isolated Photon Measurements In
p+p collisions with sPHENIX
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p+p resu ItS Expanded data-set to full 107 pb-! forthcoming!

Unfolded Jet p; Spectra |solated Photon p; Spectra

SPHENIX Preliminary
p+p Vs =200 GeV

Ly =16.6 pb™

In'l <0.7

E> 0% 4 Gev

-
o
w

SPHENIX Preliminary

p+p¥s = 200 GeV, Liy; = 16.6 pb”’
anti-k, R=0.4

M <0.7

dPoldndE" [pb/GeV]
3

—e— Data
¢+ PYTHIA8
® NLO pQCD JETPHOX
CT14 PDF / BFG Il FF
_ _ =

Bo=po = = E;

[+]NLO pQCD by W. Vogelsang
(noE‘f“/yf:MF=MH=Efr)

[ ® | sPHENIX Run 2024 data
——8—— PYTHIAS truth jet spectrum
& HERWIG truth jet spectrum
[ NLOpQCD (No Hadronization)
Werner Vogelsang

Theory / Data

Major systematic uncertainty is the test-beam 2D sideband signal extraction
derived JES, which will be improved by in situ Major systematic on EMCal EM Scale

JES calibrations
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Dijets in p+p collisions

Dijet acoplanarity and asymmetry measured in p+p with R = 0.4 jets

Major systematic uncertainty is the jet energy resolution

SPHENIX Preliminary
p+p Vs =200 GeV
anti-k, R=0.4

31 2<p ,<40.7 GeV
Py, 2 9. 4 GeV

A > 3m/4

SPHENIX Preliminary
p+p Vs =200 GeV
anti-k, R =0.4

31.2 <p_.<40.7 GeV
Py, = 9. 4 GeV

A¢ = 3n/4
-»-Data

o Data —PYTHIA-8

—PYTHIA-8
—Herwig 7.3

—HERWIG 7.3
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First SPHENIX jet measurements in
Au+Au collisions

\

A

Conference Note:
sPH-CONF-JET-2025-05
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Au+Au collision characterization

( M i n i m U m B i aS Dete Ctor U Sed \ SPHE / ( X; * | Data recorded: 2025-06-10 05:50:10 EST

for trigger (no Jet trigger) and QY Coiions: s @ d5u1=200 Gev
event characterization

\93.6% trigger efficiency

¢ Data

SPHENIX
— MC Glauber @ NBD

Au+Au \s, = 200 GeV

6]
=
8
©
(m]

100 150
MBD charge sum
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sPHENIX Experiment at RHIC
Data recorded: 2025-06-10 05:50:10 EST
Run / Event: 66641 / 146

sSPHERIIX




1. Underlying event
subtraction

Included
lterative subtraction of the underlying event region

Two iterations:
1. First pass avoids R=0.2 jets (“seeds”) that have a “hard-core”

2. Second pass subtracts the UE(n) from all seeds and avoids
jets with p; = 7 GeV

Anti-k5 jet finding algorithm with resolution parameter
R = 0.3 used over EMCAL, OHCAL, and IHCAL towers with
2nd jteration UE(n) subtracted

Constituent x 3 layers I — Super-constituent

September Sth, 2025 Initial Stages 2025
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2. Jet Energy Resolution

In p+p: in situ bisector method is used to
determine the JER

In Au+Au: The width of the §EX?" adds to the
noise parameter ,b, of the resolution function:

b
O.(preco truth) — a @ < truth) @ (C)

f p
p %ruth T

JER difference accommodated (with systematic
variations) in the response matrix (PYTHIAS8 +
HIJING) to better represent the data

September 9th, 2025

sPH-CONF-JET-2025-04

SPHENIX Preliminary ' Basic Cones
Au+Au |s,,, =200 GeV ¢ Randomizedn¢
0-5% Central + High ET Probe
Iterative Method
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3. Combinatoric background

Fakes/uncorrelated hard-scatterings contribute to the A¢
distribution SPHENIX Preliminary

Au+Au s, = 200 GeV
Away side peak corresponds to dijet signal 25.0 sp ,<35.0GeV
P> 10.1 GeV

appears due to minimum AR in 0-10%
+Exclusive

clustering #Inclusive, |IAn > 0.8

Background contribution is flow modulated and apparent
from a |An| > 0.8 cut

Combinatoric background decreases in more peripheral and
higher p;, selections

Exclusive: Highest subleading only
Inclusive: All subleading jets
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3. Combinatoric background

Fakes/uncorrelated hard-scatterings contribute to the A¢
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3. Combinatoric background

Combinatoric background decreases with higher centrality and p1, cut

P11, P12 binned signal extraction with flow modulated combinatoric background subtraction

SPHENIX Preliminary
Au+Au |s,, = 200 GeV
250 < P, < 35.0 GeV
p,,>10.1 GeV

0-10%
¢+Exclusive
#Inclusive, 1An| > 0.8

September 9th, 2025

SPHENIX Preliminary
Au+Au s, = 200 GeV
25.0 =< P, < 35.0 GeV
p,,>10.1 GeV

10 - 30%
¢+Exclusive
#Inclusive, |IAnl > 0.8

Increasing Centrality

Initial Stages 2025

SPHENIX Preliminary
Au+Au s, = 200 GeV
250 < P < 35.0 GeV
p,,>10.1 GeV

30 - 50%
+Exclusive
#Inclusive, IAnl > 0.8
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Unfolding procedure

~ D
Kinematic selection:
30.0 < prqy <43.2GeV

pro = 10.1 GeV

7T
Ap = —

Centrality regions 0-10%, 10-30%, 30-50%, 50-90%
\ y

SPHENIX Simulation Au+Au \/sT,N =200 GeV
HIJING+PYTHIA8

0-10% -"'l-.._#

truth, bin

x nbins+ p

truth, bin
T

p

2D lterative unfolding using RooUnfold in ptq, p12
MC is reweighted based on centrality and vertex position
Prior reweighting is performed for each centrality selection

Unfolded pr4, p1o after combinatoric background subtracted

and efficiency corrected 40 &9 bin

rTe:"’b'" xnblns+ Py,

P11, P12 is projected to an x; distribution

* Prior reweighting is a systematic variation on the analysis
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Systematic uncertainties

SPHENIX Preliminary
Au+Au |s,, =200 GeV

anti-k, R=0.3

300 = p_.< 43.2 GeV
P ,=10.1 GeV
Ad = 7n/8

0-10%

¢ Total Systematics

—— JES Systematics
— JER Systematics
—— UE Bkg. Sub.
— Inclusive

— Unfolding

Variation / Nominal

X

September 9th, 2025 Initial Stages 2025

Variations in analysis are propagated to
final unfolded results

Dominant systematic uncertainty is the
UE background subtraction and jet
energy resolution

(

\.

All systematics are explained in the

\

conference note of this analysis
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Au+AuU results

SPHENIX Preliminary
ISy = 200 GeV 50-90%
anti-k, R=0.3 + Au+Au data
30.0=< p_.<43.2GeV

TA + p+p data
p,, =10.1 GeV PP

AR = 78 —PYTHIA-8

03 04 05 0.6 0.7 0.8 0.9

September 9th, 2025

selection and binning

50 — 90% centrality selection
approaches p+p shape

Initial Stages 2025

p+p reprocessed for Au+Au kinematic
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Au+AuU results

SPHENIX Preliminary
ISy = 200 GeV

anti-k, R=0.3

30.0 =< Py, < 43.2 GeV
Pr, 2 10.1 GeV

A =7n/8

September Sth, 2025

50 -90 %

+ Au+Au data
+ p+p data
—PYTHIA-8

Initial Stages 2025

SPHENIX Preliminary
IS\ = 200 GeV

anti-k, R=0.3

30.0 =< Pr < 43.2 GeV
Pr, = 10.1 GeV

Ap =T7n/8

0-10%

® Au+Au data
4+ p+p data
—PYTHIA-8
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Centrality dependence of jet quenching

From most central - peripheral

SPHENIX Preliminary

o - [Spy = 200 GeV
x, distribution becomes more balanced S antik A=03

300= p  .<43.2 GeV

36/@3;2‘ p_l_’2 =10.1 GeV
?gg Ad = 7n/8
©0-10%
*x ' S p+p
\ §o§;
N
o
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Centrality dependence of jet quenching

From most central - peripheral

X, distribution becomes more balanced

*
NT
Y
| K
\ ‘dg '°A)
\f\fﬁ

September Sth, 2025

SPHENIX Preliminary
VS_NN =200 GeV

anti-k, R=0.3

30.0 < P, < 43.2 GeV
P, = 10.1 GeV

Ap =7n/8

¢0-10%
=10 - 30°/o
o p+p

Initial Stages 2025
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Centrality dependence of jet quenching

From most central - peripheral

SPHENIX Preliminary

o - [Spy = 200 GeV
x, distribution becomes more balanced S antik A=03

300= p  .<43.2 GeV

£AL T
P4 = /T
) 0-10%

* 5 +30-50%

o p+p

30 - 50 %
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Centrality dependence of jet quenching

From most central - peripheral

SPHENIX Preliminary

o - [Spy = 200 GeV
x, distribution becomes more balanced S antik A=03

300= p  .<43.2 GeV

£AL T
P4 = /T
) 0-10%

* 5 +50-90%

o p+p
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= P = 10}1(3 eV JEWEL w/ 4MomSub E - p =1 O.FGeV JEWEL w/ 4MomSub y

. C AG =78 3 3F A¢ =7u8 =
comparison : 128
: : 2 :

JEWEL+PYTHIA6 with 4MomSub E 5
recoil subtraction method : E T E
- 1 s .

L] L] : \\I\II\IIIII\II\I\\l\Illll\Il‘l\\I: : Illlllll\‘\\llllllll\l\\I\II\lIIII:
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https://link.springer.com/article/10.1140/epjc/s10052-014-2762-1

Hybrid model comparison

SPHENIX Preliminary 0-10% . . .
Sy = 200 GeV @ Au+Au data Good agreement with the hybrid model in the
d .

anti-k, A=0.3 Y b vacuum most central event selection
30.0=< p. < 43.2 GeV  Hybrid - no Elastic no wake
p. = 10.1 GeV Hybr!d -no Elast_ic w/ wake : : :
AGS = 7n/8 =Hybrid - w/ Elastic no wake This first measurement will lead towards

Hybrid - w/ Elastic w/ wake . . .

more differential and sensitive observables:
¢ radial scan of x;, X,y, jet substructure, etc.

¢
+ ‘ _i_ ‘K &8
| - ~ 5
/ Y o N\ §\*
’

s.‘ »
\ /) 0
* N /

Hybrid Model:
J. High Energ. Phys. 2014, 19 (2014)
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Summary N

SPHENIX Preliminary SPHENIX Preliminary

0-10% 10-30%
\'Sy = 200 GeV —e- Au+Au data ; \Syy =200 GeV -m Au+Au data
anti-k, R=0.3 - gg‘p}v cEiita PYTHIAS anti-k, R=0.3 4 gérev cEiita PYTHIAG
— + - —_— + -
300= p, <43.2GeV "7 Ye el wi aMomSub OF 300= p, <43.2GeV T GEWEL w/ aMomSub
. . . 0 0 p.,= 10.7 GeV P, = 10.1 GeV
p+p results with expanded dataset and in situ calibrations AR =78 AY = 7wiB

First Au+Au jet measurement at sPHENIX, and more to come!

sPHENIX is working towards a goal of 7 nb-! of Au+Au
collisions at the end of Run 25

SPHENIX Preliminary
p+p s = 200 GeV

SPHENIX Preliminary SPHENIX Preliminary
30-50 % 50 - 90 %

\'Syy = 200 GeV —¢- Au+Au data : \Syy = 200 GeV —4- Au+Au data

anti-k, R=0.3 —+- p+p data anti-k, R=0.3 —4— p+p data

30.0< P, < 43.2 Gev — JEWEL + PYTHIA-6 . 30.0 < p,,< 43.2 Gev — JEWEL + PYTHIA-6

Data Ip""l <0.7
® Jet, antik R=04

"oy, E‘:"'”““ <4 GeV

p. =10.1'Gev JEWEL w/ 4MomSub p. =10.1'GeV JEWEL w/ 4MomSub
. T2 .

T2 E
A¢ =78 A¢ =78
Ly = 166 pb™ (Jet) ¢ = ¥

Lin=152pb™ (y)

M\
NLO pQCD No Hadronization (W. Vogelsang) [ % |

— Jet, ant‘i—lmT R=04 m

y(noE7)

03 04 05 06 07 08 09
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sPHENIX at 152025

Talks:

Overview of the sSPHENIX experiment at RHIC — Blair Seidlitz
sPHENIX measurements of bulk properties of Au+Au collisions — Cheng-Wei Shih
First measurement of open-charm baryon-to-meson production in p+p collisions at RHIC with sSPHENIX — Michael Peters

Posters:

sPHENIX measurement of underlying event production in p+p collisions at 200 GeV — Emma McLaughlin

Performance of sSPHENIX Intermediate silicon tracker — Ryotaro Koike

Recovery of malfunctioning data transfer of readout in SPHENIX-INTT detector — Tomoki Harada

Event-shape engineering of elliptic flow using ZDC and multiplicity in Au+Au collisions at RHIC -sPHENIX — ltsuka Omae
Detectors calibration for spin physics analysis of SPHENIX experiment — Takahiro Kikuchi

Studies of long-range two-particle correlations in proton-proton collisions with SPHENIX — Yuko Sekiguchi

‘ A \ f\ ¢
k k

NITIA
TAGE

Energy
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Photon-ID: 2D sideband method

SPHENIX Preliminary
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https://www.sphenix.bnl.gov/sites/default/files/2025-04/sPH-CONF-JET-2025-02.pdf

Jet Energy Resolution

Bisector method: in-situ LHC method using calorimeter dijets _ SPHENIX Preliminary
p+p Vs =200 GeV
. anti-k, R=0.4
Constant 8 +/- 3 (sys) % difference in p+p collisions Klet 8_<gev
' Jet —
ﬁTl —e—Data:0.76/ VE ®2.00/E @ 0.0900

—e—Sim:0.60/ VE ®2.05/E @ 0.0900
— JER:063/ VE ®2.16/E @0.0951
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—— WER - -JER o JNER —13-14%

T ———
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Calorimetry in Au+Au collisions
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=  Absolute calibration:
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di-cluster mass [GeV] Tower energy deposition [GeV] the reconstructed 7T0 in MC

* [nner/Outer HCAL: cosmic rays (MIPS)
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these calibrations (and a great
measurement!)
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JES

Jet Energy Scale:
* Using Pythia8 + GEANT4 simulation to

determine the average response of our , ,
SPHENIX Simulation

calorimeters to a truth-level particle jet ' PYTHIA8 p+pis = 200 GeV
- JES is then calibrated so that the Q " F anti-k, R=04
average response to a truth-level jet is 1 ' M < 0.7

—— JES fit result

JES distribution
JES with calibration applied

30 40 50 60
truth [GGV]

With the excellent development in photon ID, photon-jets will be
used as a data-driven method to characterize our JES
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STAR’s dijet asymmetry

Ay

__ Prlead — Pt sublead

pT,lead + pT,Sublead

September 9th, 2025
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Phys. Rev. Lett. 119, 062301
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.119.062301
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.119.062301
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.119.062301

RHIC Jet Discriminating Power

PYTHIA+fastjet p+p | Qinptp —-—-
MARTIN|+fastjet Pb+Pb : Qin Au+Au
ATLASptp 7 TeV O B +
ATLAS Pb+Pb 0-10% e MARTINI p*p
_ : MARTINI Aut+Au
Qin Po+Pb | 0-10% R =04 E>35 GeV, E> 5 GeV
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https://journals.aps.org/prc/abstract/10.1103/PhysRevC.85.064908
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