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sPHENIX high-pT Measurements

With p+p collisions:

Baseline measurements and 
pQCD vacuum references:

Isolated photon cross-section

Inclusive Jet cross-section

Dijet asymmetry
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New Au+Au results:

Fully unfolded per pair 

normalized dijet asymmetry 

with theory comparisons
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With p+p collisions:

Baseline measurements and 
pQCD vacuum references:

Isolated photon cross-section

Inclusive Jet cross-section

Dijet asymmetry

sPHENIX high-pT Measurements
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Photons:

Clusters are built from EMCAL 

towers

All calorimeters summed in 

isolation energy

Jets:
anti-kt jets are clustered with 

calorimeter towers in the 

EMCAL, IHCAL, and OHCAL

MBD is used for vertex 

determination and event 

classification

sPHENIX Detector
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Run 24 p+p and Au+Au data set 

The p+p results are from the high-statistics, 

jet/photon-triggered dataset (107 nb-1)

The Au+Au results are from the 2-3 week Au+Au run 

at the end of Run 24 (total 0.1 nb-1)



Jet and Isolated Photon Measurements in 

p+p collisions with sPHENIX
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p+p results

Major systematic uncertainty is the test-beam 

derived JES, which will be improved by in situ 

JES calibrations

Unfolded Jet pT Spectra Isolated Photon pT Spectra

Expanded data-set to full 107 pb-1 forthcoming!

2D sideband signal extraction

Major systematic on EMCal EM Scale

sPH-CONF-JET-2025-02sPH-CONF-JET-2025-03
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Dijet acoplanarity and asymmetry measured in p+p with R = 0.4 jets

Major systematic uncertainty is the jet energy resolution

Dijets in p+p collisions
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First sPHENIX jet measurements in 

Au+Au collisions
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sPH-CONF-JET-2025-05

Conference Note:
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Au+Au collision characterization

Minimum Bias Detector used 

for trigger (no Jet trigger) and 

event characterization

93.6% trigger efficiency
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Challenges in Au+Au collisions

1. Underlying Event Subtraction

2. Worse Jet Energy Resolution

3. Combinatoric Background



1. Underlying event 

subtraction 

Iterative subtraction of the underlying event

Two iterations:  

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

2. Second pass subtracts the UE(𝜂) from all seeds and avoids 

jets with pT ≥ 7 GeV

Anti-kT jet finding algorithm with resolution parameter 

R = 0.3 used over EMCAL, OHCAL, and IHCAL towers with

2nd iteration UE(𝜂) subtracted

Seed 1

Seed 2

Seed 3 Excluded 

regions

Included 

region

OHCAL

IHCAL

EMCAL
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Super-constituentConstituent x 3 layers
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In p+p: in situ bisector method is used to 

determine the JER

In Au+Au: The width of the 𝛿𝐸𝑇
𝑅𝑎𝑤 adds to the 

noise parameter ,b, of the resolution function:

𝜎 𝑝𝑇
𝑟𝑒𝑐𝑜/𝑝𝑇

𝑡𝑟𝑢𝑡ℎ =
𝑎

𝑝𝑇
𝑡𝑟𝑢𝑡ℎ

⊕
𝑏

𝑝𝑇
𝑡𝑟𝑢𝑡ℎ ⊕ 𝑐

JER  difference accommodated (with systematic 

variations) in the response matrix (PYTHIA8 + 

HIJING) to better represent the data 

2. Jet Energy Resolution
sPH-CONF-JET-2025-04

https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-04
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-04
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-04
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-04
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-04
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-04
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-04
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-04
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-04


3. Combinatoric background

Fakes/uncorrelated hard-scatterings contribute to the ∆𝜙 

distribution

Away side peak corresponds to dijet signal

Near side peak + depletion appears due to minimum ∆𝑅 in 

clustering

Background contribution is flow modulated and apparent 

from a |∆𝜂| > 0.8 cut

Combinatoric background decreases in more peripheral and 

higher pT2 selections
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Exclusive: Highest subleading only

Inclusive: All subleading jets
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Fakes/uncorrelated hard-scatterings contribute to the ∆𝜙 

distribution

Away side peak corresponds to dijet signal

Near side peak + depletion appears due to minimum ∆𝑅 in 

clustering

Background contribution is flow modulated and apparent 

from a |∆𝜂| > 0.8 cut

Combinatoric background decreases in more peripheral and 

higher pT2 selections

Exclusive: Highest subleading only

Inclusive: All subleading jets

3. Combinatoric background



September 9th, 2025 Initial Stages 2025 16

Fakes/uncorrelated hard-scatterings contribute to the ∆𝜙 

distribution

Away side peak corresponds to dijet signal

Near side peak + depletion appears due to minimum ∆𝑅 in 

clustering

Background contribution is flow modulated and apparent 

from a |∆𝜂| > 0.8 cut

Combinatoric background decreases in more peripheral and 

higher pT2 selections

Exclusive: Highest subleading only

Inclusive: All subleading jets

3. Combinatoric background



3. Combinatoric background

Combinatoric background decreases with higher centrality and pT2 cut

pT1, pT2 binned signal extraction with flow modulated combinatoric background subtraction
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Increasing Centrality



Unfolding procedure

2D Iterative unfolding using RooUnfold in pT1, pT2 

MC is reweighted based on centrality and vertex position

Prior reweighting is performed for each centrality selection

Unfolded pT1, pT2 after combinatoric background subtracted 

and efficiency corrected

pT1, pT2 is projected to an xJ distribution

Kinematic selection:

30.0 ≤  𝑝𝑇1 < 43.2 𝐺𝑒𝑉
𝑝𝑇2  ≥ 10.1 𝐺𝑒𝑉

∆𝜙 ≥
7𝜋

8
Centrality regions 0-10%, 10-30%, 30-50%, 50-90%

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



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

selection and binning

50 – 90% centrality selection 

approaches p+p shape
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Au+Au results



Centrality dependence of jet quenching
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From most central → peripheral 

xJ distribution becomes more balanced

0 – 10 %
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Centrality dependence of jet quenching

From most central → peripheral 

xJ distribution becomes more balanced

0 – 10 %

10 – 30 %
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Centrality dependence of jet quenching

From most central → peripheral 

xJ distribution becomes more balanced

0 – 10 %

30 – 50 %
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Centrality dependence of jet quenching

From most central → peripheral 

xJ distribution becomes more balanced

0 – 10 %

50 – 90 %



JEWEL 

comparison
JEWEL+PYTHIA6 with 4MomSub 

recoil subtraction method

Centrality dependence in data 

follows JEWEL qualitatively

In JEWEL, fraction of leading jets 

w/ 𝑝T,2 ≥ 10.1 GeV:

 vacuum: 0.95

0-10%:   0.82

10-30%: 0.85
30-50%: 0.87

50-90%: 0.92
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Eur. Phys. J. C 74, 2762 (2014)

JEWEL:

https://link.springer.com/article/10.1140/epjc/s10052-014-2762-1


Hybrid model comparison

Good agreement with the hybrid model in the 

most central event selection

This first measurement will lead towards 

more differential and sensitive observables:

    radial scan of xJ, xJƔ, jet substructure, etc.
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J. High Energ. Phys.2014, 19 (2014)
Hybrid Model:

https://link.springer.com/article/10.1007/JHEP10(2014)019
https://link.springer.com/article/10.1007/JHEP10(2014)019
https://link.springer.com/article/10.1007/JHEP10(2014)019
https://link.springer.com/article/10.1007/JHEP10(2014)019
https://link.springer.com/article/10.1007/JHEP10(2014)019


p+p results with expanded dataset and in situ calibrations

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

sPHENIX  is working towards a goal of 7 nb-1 of Au+Au 

collisions at the end of Run 25
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Summary



Talks:

Overview of the sPHENIX 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 sPHENIX – Michael Peters

Posters:

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

Performance of sPHENIX 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 – Itsuka 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
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sPHENIX at IS2025

https://indico.cern.ch/event/1479384/contributions/6594183/
https://indico.cern.ch/event/1479384/contributions/6594174/
https://indico.cern.ch/event/1479384/contributions/6594181/
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https://indico.cern.ch/event/1479384/contributions/6566895/
https://indico.cern.ch/event/1479384/contributions/6566894/
https://indico.cern.ch/event/1479384/contributions/6566896/
https://indico.cern.ch/event/1479384/contributions/6566896/
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Backup
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Photon-ID: 2D sideband method

31

Isolation Energy 𝑬𝑻
𝒊𝒔𝒐:

Sum of 𝐸𝑇 within ∆𝑅 < 0.3
of photon candidate in all 
calorimeters

∆𝑅 < 0.3

Shower-shape variables:

𝑤𝜂 =
σ𝑖 𝐸𝑖 𝜂𝑖 − ഥ𝜂

σ𝑖 𝐸𝑖
   → Energy weighted 2nd moment 

                                  of EMCAL cluster

𝐸𝑡1 =
σ𝑖

4 𝐸𝑖

𝐸𝑐𝑙𝑢𝑠
            → Core energy fraction

Single Photon Decay Photons

Conference Note

https://www.sphenix.bnl.gov/sites/default/files/2025-04/sPH-CONF-JET-2025-02.pdf
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Jet Energy Resolution

Bisector method: in-situ LHC method using calorimeter dijets

Constant 8 +/- 3 (sys) % difference in p+p collisions

Ԧ𝑝𝑇1

Ԧ𝑝𝑇2

Ԧ𝑝𝑇 =  Ԧ𝑝𝑇1 + Ԧ𝑝𝑇2

Ԧ𝑝𝑇 = 𝑝𝑇𝜂 ො𝜂 + 𝑝𝑇𝜓
෠𝜓

ො𝜂
෠𝜓



Calorimetry in Au+Au collisions

C
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▪ Relative calibration with tower-slope method 

in 𝜂 slices

▪ Absolute calibration:

▪ EMCAL: 𝜋0 peak shifted to the value of 
the reconstructed 𝜋0 in MC

▪ Inner/Outer HCAL: cosmic rays (MIPS)

▪ Agreement between the detectors and 

previous measurements of 
𝑑𝐸𝑇

𝑑𝜂
 is proof of 

these calibrations (and a great 

measurement!)

September 9th, 2025 Initial Stages 2025 33Phys. Rev. C 112, 024908



Centrality Dependence of Jet Quenching
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Dramatic imbalance observed in most central events
https://arxiv.org/pdf/2407.18796

Phys. Lett. B712 (2012) 176

https://arxiv.org/pdf/2407.18796
https://arxiv.org/pdf/2407.18796
https://arxiv.org/pdf/2407.18796


With the excellent development in photon ID, photon-jets will be 

used as a data-driven method to characterize our JES

JES
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Jet Energy Scale:

• Using Pythia8 + GEANT4 simulation to 

determine the average response of our 

calorimeters to a truth-level particle jet

• JES is then calibrated so that the 
average response to a truth-level jet is 1

Reconstruction



STAR’s dijet asymmetry

𝐴𝐽 =
𝑝𝑇,𝑙𝑒𝑎𝑑 − 𝑝𝑇,𝑠𝑢𝑏𝑙𝑒𝑎𝑑

𝑝𝑇,𝑙𝑒𝑎𝑑 + 𝑝𝑇,𝑠𝑢𝑏𝑙𝑒𝑎𝑑
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Phys. Rev. Lett. 119, 062301

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
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A graph of a jet discriminating power

AI-generated content may be incorrect.

https://journals.aps.org/prc/abstract/10.1103/PhysRevC.85.064908
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