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Conclusion
• No Physics Yet
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Conclusion
• sPHENIX is new Jet and heavy flavor Detector at 

RHIC for QGP and cold-QCD.
• Commissioning ongoing.
• Some detectors are ready to take physics, while 

some needs are not yet.
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Outline 

• sPHENIX Physics goals 
• Detector overview 
• Installation and 

commissioning
• Commissioning Status
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Parton energy loss
vary mass & momentum of probe

Υ(1s) 0.28fm
Y(3s) 0.78fm Υ(2s) 0.56fm

vary size of probe

Quarkonium spectroscopy

Cold QCD
vary temperature of

QCD matter
study proton spin, 

transverse-momentum, 
and cold nuclear effects

vary momentum &
angular scale of probe

Jet physics

sPHENIX Physics Program Zhaozhong Shiʼs 
talk on Thursday 08/24
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Calorimeter system

oHCal

iHCal

sPHENIXDetector

Tracking
system

oHCal

MAGNET

MVTX

INTT

TPC

EMCal

iHCal

oHCal

sEPD

MBD

◙ 1.4T Solenoid from BaBar
◙ Hermetic coverage:
|η|<1.1, 2π in φ
◙ Large-acceptance EM+H 
calorimeters: brings first full jet 
reconstruction & b-jet tagging at 
RHIC!!
◙ High data rates: 15 kHz for
all subdetectors
◙ Precise tracking with tracking system 
in stream readout
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Hadron and EM Calorimeters
Outer Hcal & Magnet

EMCal in position

Inner HCal Installation
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• di-photon mass distribution
shows π0 peak

commissioning data with emcal

28/37Ejiro Umaka (BNL)RHIC & AGS Annual Users’ Meeting 2023

Outer HCal Installation

sPHENIX will have kinematic reach out to ∼	
70 GeV for jets, kinematic overlap with 
the LHC.

sPHENIX Simulation
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Cold-QCD: Proton Spin Decomposition 
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Sz =
1
2
ΔΣ+ΔG+Lz

~25% ??~40%
1980’s 2000~2018

Δ𝐺: 𝐺𝑙𝑢𝑜𝑛 𝑆𝑝𝑖𝑛

ΔΣ ∶ 𝑄𝑢𝑎𝑟𝑘 𝑆𝑝𝑖𝑛

𝑂𝑟𝑏𝑖𝑡𝑎𝑙 𝐴𝑛𝑔𝑢𝑙𝑎𝑟 𝑀𝑜𝑚𝑒𝑛𝑡𝑢𝑚

Gluon

Quark



Much improved direct 
photon TSSA -> gluon 
TMD
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TMD: Transverse 
Momentum Dependence 

Gluon TMD by Direct-g



MVTX installed on march 30, 2023

Tracking Detectors

TPOT

INTT

TPC

MVTX

All Trackers installed in Position (March 30th, 2023)
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Hao-Ren Jheng

MVTX+INTT+TPOT 2-dimension display
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• Clusters marked in black are excluded in the circular !t 
(equivalent to the actual track !nding)

Tracking System

10um

Silicon pixel detector (MVTX)
• 29 um x 27 um, pixels
• 2.5 cm < R < 4.5cm
• 20 BLCK integration time

Silicon strip detector (INTT)
• 78um, strip sensors
• 7cm < R < 11cm 
• 1 BCLK timing resolution

Time projection Chamber (TPC)
• 20cm < R < 78cm
• Spatial resolution, ~100um 
• Long drift time, ~13us 

TPC Outer Tracker (TPOT)
• Calibrate TPC
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Hao-Ren Jheng

MVTX+INTT+TPOT 2-dimension display
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Cosmic Ray Track 
Reconstruction
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• TPC Event Display in Au+Au @ 200GeV
• Multiplicity correlations between MBD-INTT-TPOT
• MVTX correlation between different layers
• More correlation hits in Zhaozhong Shiʼs talk on 

Thursday 08/24
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Clear separation 
between 2S and 3S 
states

sPHENIX Simulation

Tracking Detector Commissioning



Vertex Reconstruction & Centrality

sPHENIXsPHENIXsPHENIX

was at about 5-6 neutrons. During a RHIC Vernier scan, this led to a measured visible cross527

section of about 6.5 barns (or about 60% of the 10.5b observed in previous high energy runs).528

6.2.3 Correlation between subsystems529

The ZDC uncalibrated signals were sufficient to observe clear correlations of the ZDC with the530

MBD; as well as the ZDCs with each other (see figure 20), showing clear contributions from531

electromagnetic processes, in which one nucleus is dissociated while the other is left mostly532

intact, and hadronic processes (the primary one studied by sPHENIX), in which the ZDCs see the533

highly-correlated signals of spectator neutrons from the breakup.534
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Figure 20: Left: Correlations of the energy in the south and north ZDCs for minimum bias events
(electromagnetic and hadronic events). Right: ZDC south energy correlated with the total MBD
charge for minimum bias events.

Calibrations are underway, utilizing both data-driven techniques to optimize the tower weights at535

the single neutron peak, and also techniques based on normalizing the weights to full simulations536

of HIJING events. The detector also appeared to be mostly stable for the duration of the sPHENIX537

running, but detailed time dependence studies for each detector module are underway.538

6.2.4 SMD539

In between the first and second section of the ZDC, a shower max detector (SMD) has been540

installed, with a horizontal and vertical scintillator hodoscope (8 sections vertically, 7 horizontally),541

read out with a multi-anode PMT. This detector was used for measuring small deflections of the542

measured showers. This was utilized by PHENIX for measurements of the first order reaction543

plane (for flow measuremnts) as well as to monitor the transverse polarization of the RHIC proton544

beams. For use in sPHENIX, the SMD was only partly commissioned in mid-July, where half of545

the north SMD was digitized in the sPHENIX DAQ. The full system was readied in early August,546

but just after the RHIC magnet quench incident. Hence, it has not been utilized in active data547

taking.548
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MBD-ZDC Centrality INTT-MBD Z-vertex Reconstruction

Confirmed fairly consistent
z-vertex reconstruction 
between two independent 
detectors 

Published 
Centrality plot 
in  PHENIX

Phys. Rev. C 71, 034908 (2005)
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sPHENIX SimulationINTT z ‒ MBD z vs. INTT multiplicity 
• Run # 20708 taken in July 5th
• Field on 
• Before z vertex was moved to z=0
• Clear dependence of the INTT # of 

clusters
• Plotted by Takashi

• *This was shown previous 
preliminary session with much less 
statistics and we didnʼt request 
the preliminary at that time.

2023/8/18 preliminary request INTT
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Many thanks to MBD expert Mickey Chiu(BNL)

preliminary



sPHENIX Summary

• Large and hermetic EM and hadronic calorimetry.
• Highly precise tracking.
• 15kHz trigger rate and stream readout for trackers.
• Wide range of physics covered in sPHENIX
• A lot of progress in 2023 commissioning with 

Au+Au Collision at 𝑠 =200GeV and getting ready 
for 2024 Run.

• Will address on cold QCD in 2024!
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Cold QCD

Jet Physics

Heavy Flavor

Quarkonium spectroscopy



Backup Slides
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High-pT Probes

üHigh data rates & hermetic EMCal+HCal offer wide pT range for jet reconstruction.

üsPHENIX can precisely measure the low pT region, which is challenging at the LHC.

üsPHENIX will have kinematic reach out to ∼	70 GeV for jets, kinematic overlap with the LHC.

Probing the QGP with precise jet, direct photon, and hadron measurements

Jet Physics
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Heavy Flavor

ü Cleanly separate open bottom via DCA.
ü Study mass dependence of energy loss and collectivity.
üBottom quarks and light quarks are expected to be 

different for RAA and v2 for pT ≲	15 GeV.

Polarized single spin asymmetry

Explores gluon spin contribution to proton spin
19



Cold QCD : Gluon TMD with Direct photons

Much improved direct photon TSSA -> gluon TMD

20



First Data from Commissioning: EMCal
• Clear pi0 peak seen in the di-photon invariant mass spectrum 
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Heavy Flavor
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Upsilon RAA

ü Suppression with clear distinction of three Upsilon states. Color
dipoles probing the QGP at three length scales.

ü The centrality dependence and particularly the pT dependence 
are critical measurements for comparison between RHIC and 
the LHC.

ü Signal enhancement with ML tools (BDT)  is expected.

Mass reconstruction

Quarkonium spectroscopy

2
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