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Motivation for sPHENIX
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What we study

üInvestigate strongly 
interacting nuclear 
matter with 
precision high pT 
probes

What we need 

1. QGP (Au+Au) 
and a reference 
(p+p)

2. Powerful DAQ 
and trigger 
system

3. Large acceptance 
in ɖ and ◖

4. Capture hadronic 
and EM showers 

5. Precision tracking
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TPOTLarge, 2̄ – ρȢρ  acceptance
 High DAQ rate (Triggered + Streaming)

Jet
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TPC

MVTX

INTT

TPOT

Multi-subsystem tracking for precision 
vertexing, timing, and momentum 

resolution
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iHCAL

MAGNET

oHCAL

EMCAL

Full electromagnetic + hadronic 
calorimetry for unbiased jet 

reconstruction and triggering

iHCAL

MAGNET

oHCAL

EMCAL
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iHCAL

MAGNET

oHCAL

EMCAL

EMCal

üȹz xȹɖ: 0.025x0.025

üTungsten-scintillating fiber sampling 
calorimeter

üProjective geometry

üCalibration: 0ŸҺҺ mass peak to 
match between data and simulation

iHCAL

MAGNET

oHCAL

EMCAL
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iHCAL

MAGNET

oHCAL

EMCAL

EMCal

üȹz xȹɖ: 0.025x0.025

üTungsten-scintillating fiber sampling 
calorimeter

üProjective geometry

üCalibration: 0ŸҺҺ mass peak to 
match between data and simulation

HCal

üȹz xȹɖ: 0.1x0.1

üSteel-plate scintillating-tile 
sampling calorimeter

üProjective geometry

üCalibration: compare measured 
MIP peak from cosmic ray muons 
in data to simulation

Phys. Rev. C 112, 024908

MAGNET

https://journals.aps.org/prc/abstract/10.1103/h8d5-swg6
https://journals.aps.org/prc/abstract/10.1103/h8d5-swg6


sPHENIX  commisiong  and physics runs

2023 
Au+Au 200 GeV commissioning

 

2024
p+p  200 GeV physics (107 pb-1 calo-only, 13.2 pb-1 full detector, 2.9 pb-1 steaming) 

Au+Au 200 GeV commissioning (used for todayôs results) 

2025 

Au+Au 200 GeV physics (7 nb-1  target, currently 3 nb-1)

Additional species:  p+p, p+Au, and/or O+O
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Beam use proposal

https://indico.bnl.gov/event/25236/attachments/58307/100152/sPHENIX_Beam_Use_Proposal_2024.pdf
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Standard candle 
bulk measurements

First Au+Au and pp jet & 
photon measurements 

Heavy flavor through    
precision tracking

See talk from Cheng-Wei Shih 
Tues 9th 14:20 Forum

https://indico.cern.ch/event/1479384/contributions/6663048/


Bulk physics measurements
Motivation

üEnergy deposition in heavy-ion collisions measures 
Åcollision geometry
Ågluon shadowing 
ÅSaturation physics, é.

üsPHENIX is expected to match previous experimentôs measurements of dET/dɖ or dNch/dɖ 

üThese first sPHENIX measurements serve as standard candles to validate performance

üFirst physics publications
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Calorimeter d ET/dȆin Au+Au dN ch /dȆin Au+Au
Phys. Rev. C 112, 024908 JHEP 08 (2025) 075

https://journals.aps.org/prc/abstract/10.1103/h8d5-swg6
https://journals.aps.org/prc/abstract/10.1103/h8d5-swg6
https://link.springer.com/article/10.1007/JHEP08(2025)075
https://link.springer.com/article/10.1007/JHEP08(2025)075
https://link.springer.com/article/10.1007/JHEP08(2025)075
https://link.springer.com/article/10.1007/JHEP08(2025)075


dET/dȆin Au+Au collisions

üExcellent consistency between EMCal and HCal 
ÅSensitive to energy deposit from different particle species

ÅExcellent cross check of orthogonal calibrations ( 0 vs. cosmic MIP) 12
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dET/dȆin Au+Au collisions

üThe sPHENIX measurement is consistent with previous results

üAMPT best describes the sPHENIX dET/dɖ measurement 

13

P
h
ys

. R
e

v. C
1
1

2
, 0

2
4

9
0

8
  IS

 T
a

lk
 lin

k
 

https://journals.aps.org/prc/abstract/10.1103/h8d5-swg6
https://journals.aps.org/prc/abstract/10.1103/h8d5-swg6
https://indico.cern.ch/event/1479384/search?q=sphenix


INTT - INTermediate silicon Tracker

üSilicon Semiconductor Strip 
Detectors 
Å78 ɛm x 16 or 20 mm 

ü56 staves/2 layers 
Å7 < r < 11 cm, |ɖ| < 1.1, full ű 

üPrecision Timing + Hit 
Interpolation 
ÅO(100 ns) - resolves bunch x-ing 
ÅO(10 ɛm) resolution in r-ű 
ÅO(1 cm) resolution in z 
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ūinner ūouter

ūinner - ūouter = ȹū

ɖinner - ɖouter = ȹɖ

The 2-layer INTT is used for tracklet  reco . to measure d Nch/dɖ

2 INTT posters
ñPerformance of sPHENIX Intermediate silicon trackerò 
Ryotaro Koike
ñRecovery of malfunctioning data transfer of readout in 
sPHENIX-INTT detectorò TOMOKI HARADA 



dN ch /dȆin Au+Au collisions

üThe sPHENIX measurement is consistent with previous RHIC publications. 

üHIJING best describes the sPHENIX dNch/dɖ measurement
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JHEP 08 (2025) 75    IS Talk Link 

https://link.springer.com/article/10.1007/JHEP08(2025)075
https://link.springer.com/article/10.1007/JHEP08(2025)075
https://indico.cern.ch/event/1479384/search?q=sphenix


Two posters on bulk physics in p+p
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Check it out!
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Standard candle 
bulk measurements

First Au+Au and pp jet & 
photon measurements 

Heavy flavor through    
precision tracking

See talk from Daniel Lis
Tues 9th 15:00 Forum

https://indico.cern.ch/event/1479384/contributions/6663050/


Calorimetric jet measurements

Anti-kT  jets, clustered from massless calorimeter tower 18

Jets are multiscale probes of the QGP

In p+p, jets test pQCD, useful for jet calibration, understanding jet resolution,.. 



Inclusive jet cross section in p+p

üUnfolded  cross section of R=0.4 
anti-kt jets in p+p collisions

üGood stats all the way to 70 GeV

ü15% of the full p+p dataset used 

Systematic uncertainty

üDominated by jet energy scale 
uncertainty on the hadronic 
response (from test beam)

üExpected to improve significantly 
with future in-situ hadronic 
shower studies

19Pushing to the highest pT jets observed at RHIC

sPH-CONF-JET-2025-03     IS Talk Link

https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-03
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-03
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-03
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-03
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-03
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-03
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-03
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-03
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-03
https://indico.cern.ch/event/1479384/contributions/6594173/


üPYTHIA8 Detroit tune agrees 
within uncertainties with data

üComparison to NLO pQCD 
calculation 
ÅCalculation does not include 

hadronization 
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sPH-CONF-JET-2025-03     IS Talk Link

Inclusive jet cross section in p+p

https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-03
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-03
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-03
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-03
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-03
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-03
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-03
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-03
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-03
https://indico.cern.ch/event/1479384/contributions/6594173/


p+p dijet Ǥ◖ distribution
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sPH- CONF- JET- 2025- 01     IS Talk Link

üR=0.4 calorimeter jets, ȹ◖ > 3 /́4
ÅpT,1 = 40.7 ï 60.8 GeV

ÅpT,2  > 9.4

üVery sharp kinematic correlation of jets at 
RHIC

https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-01
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-01
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-01
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-01
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-01
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-01
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-01
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-01
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-01
https://indico.cern.ch/event/1479384/contributions/6594173/


üR=0.4 calorimeter jets, ȹ◖ > 3 /́4
ÅpT,1 = 40.7 ï 60.8 GeV

ÅpT,2  > 9.4

üVery sharp kinematic correlation of jets at 
RHIC
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üSharper ȹ◖ (and xj) at 
RHIC than the LHC
ÅLess initial state 

radiation at RHIC

üLarger phase space to 
explore subtle effects of 
jet energy loss

Clean vacuum dijet systems allow for precise energy loss measurements

ATLAS PRL 105 (2010) 252303

ET1>100 GeV

sPH- CONF- JET- 2025- 01     IS Talk Link

p+p dijet Ǥ◖ distribution

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.105.252303
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-01
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-01
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-01
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-01
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-01
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-01
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-01
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-01
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-01
https://indico.cern.ch/event/1479384/contributions/6594173/


Raw and unfolded dijet x J

Analysis procedure

üBack-to-back jets are selected 
ȹ◖>3 /́4

ü2D unfolding in pT1 and pT2 

üJet energy resolution dominates 
systematic uncertainty

üPythia agrees with unfolded data 
within uncertainties
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Where  pT1  is 
the leading jet

sPH- CONF- JET- 2025- 01     IS Talk Link

https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-01
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-01
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-01
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-01
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-01
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-01
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-01
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-01
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-01
https://indico.cern.ch/event/1479384/contributions/6594173/
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dijet x J  in p+p  (all pT)

sPH- CONF- JET- 2025- 01     IS Talk Link

Clean vacuum dijet systems allow for precise energy loss measurements

https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-01
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-01
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-01
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-01
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-01
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-01
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-01
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-01
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-01
https://indico.cern.ch/event/1479384/contributions/6594173/


Underlying event (UE) in Au+Au

In heavy ions, jets sit  on top of a fluctuating 
azimuthally -modulated underlying event

25

Underlying 
event

Jet

üLocal fluctuations in the UE drive the jet 
energy resolution

üProper understanding of UE is needed 
for understanding jet performance



Underlying event subtraction techniques

üPlacing cones with R = 0.4 
randomly in minimum bias 
events

üMeasuring ET after UE 
subtraction 

üDistributions are centered 
around 0 Ą successfully 
subtracted UE!
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sPH-CONF-JET-2025-01 IS Talk Link

https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-01
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-01
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-01
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-01
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-01
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-01
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-01
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-01
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-01
https://indico.cern.ch/event/1479384/contributions/6594173/


sPH-CONF-JET-2025-05

Au+Au dijet x J 
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NEW!üUnfolded xj 
Åȹ◖ > 7 /́8, R=0.3
ÅLeading jet pT = 30.0 - 43.2 GeV

üFirst full-jet xj at RHIC

üObserve large suppression

üOnly analyzing ~0.1 nb-1 of Au+Au 
data

üQualitatively consistent with JEWEL 

First sPHENIX measurement of energy loss

IS Talk Link

https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-05
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-05
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-05
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-05
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-05
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-05
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-05
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-05
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-05
https://indico.cern.ch/event/1479384/contributions/6594173/


Au+Au dijet x J 
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üConsistent with all hybrid model 
predictions with various forms of 
medium response 

üR=0.3 xj is relatively insensitive 
wake and quasi-particle effects 

Motivates a wide range of observables

sPH-CONF-JET-2025-05 IS Talk Link

https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-05
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-05
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-05
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-05
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-05
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-05
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-05
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-05
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-05
https://indico.cern.ch/event/1479384/contributions/6594173/


Au+Au  dijet x J  centrality dependence
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sPH-CONF-JET-2025-05 IS Talk Link

sPH-CONF-JET-2025-05-Fig4a.pdf

Centrality

https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-05
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-05
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-05
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-05
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-05
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-05
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-05
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-05
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-05
https://indico.cern.ch/event/1479384/contributions/6594173/


Au+Au dijet x J RHIC vs. LHC  
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Larger imbalance for pT 
of 30 GeV at RHIC than 

100 GeV at LHC

Stronger vacuum 
kinematic 

correlations at RHIC 

Strong constraints on energy loss with 
direct comparisons of RHIC and the LHC 

pT,2 > 32 GeV

Phys. Rev. C 109, 029901 (2024)

*different cone sizes

https://journals.aps.org/prc/abstract/10.1103/PhysRevC.109.029901
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.109.029901


Identified probes of the initial state

Neutral mesons 

üInput for PDF/TMDs & tests of pQCD

üUsed for calibration of the 
electromagnetic calorimeter
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Prompt photons

üPrimarily produced via hard scattering
ÅDirect access to initial state PDFs

ÅMeasure of recoiling parton in studies of 
energy loss



Purity of prompt isolated photons

Example isolation energy distribution for data 
compared to background enhanced data  
and signal MC 32

Measured  purity

Only small corrections from MC 

Irreducible background ( 0́, ɖ,..) in signal region Ą must statistically subtract. 

Data-driven purity measurement



dȒ/dpT of prompt isolated photons in p+p
Data 

üResults unfolded for detector effect 

ü15% of the full p+p dataset used 

üEM energy scale dominant source for 
systematic unc. Ą Expect to be 
improved with the full dataset 

üIncludes fragmentation photons Ą

Theory 

üPythia8 Detroit tuning

üJETPHOX: NLO pQCD, CT14LO 
PDF + BFG II fragmentation 
functions, 

üNLO pQCD W. Vogelsang : no iso cut 
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sPH- CONF- JET- 2025- 02 IS Talk Link

https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-02
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-02
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-02
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-02
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-02
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-02
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-02
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-02
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-02
https://indico.cern.ch/event/1479384/contributions/6594173/


Photon -jet Au+Au  projection 
üDemonstrated capacity for photon-jet 

üTarget of 7 nb-1 of Au+Au data

üProjected stats are adequate for 
competitive AA gamma-jet uncertainties 
with the LHC 
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Beam use proposal

Precision measurements of absolute 
energy loss around the corner

arXiv:1809.07280

arXiv:1809.07280

arXiv:1809.07280

arXiv:1809.07280

arXiv:1809.07280

https://indico.bnl.gov/event/25236/attachments/58307/100152/sPHENIX_Beam_Use_Proposal_2024.pdf
https://arxiv.org/abs/1809.07280


Transverse single -spin asymmetry

üCompatible with zero and agreement with previous PHENIX results 
(35% of total luminosity used for sPHENIX)

üWith larger acceptance and the use of forward collision vertices, a 
wide range of rapidity differential measurements are possible.
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