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Figure 1.1: Engineering drawing (cutaway) of the sPHENIX detector. From the inside out the drawing

shows tracking system, electromagnetic calorimeter and inner hadronic calorimeter, superconducting

magnet and outer hadronic calorimeter. A detailed discussion of the sPHENIX detector subsystems

can be found in the sPHENIX Technical Design Report [3]

(or replacement) of the PHENIX experiment at RHIC. The physics case and detector design were

further developed in the years leading up to the 2015 Nuclear Physics LRP. A detailed design

proposal was completed in 2015 [4], and in early 2016 the current sPHENIX collaboration was

formed. As of early 2020, sPHENIX has more than 320 members from 80 institutions in 13 countries.

The project received DOE CD-0 approval in late 2016, CD-1/ 3a approval in 2018 and entered its

construction phase after PD 2/ 3 approval in fall 2019. The schedule foresees commissioning of the

detector in 2022 and start of physics data taking in early 2023. The current expectation for 2025 as

the final year of sPHENIX operations is dictated by BNL’s reference schedule for the EIC project.

1.2 sPHENIX performance measures

The layout of the sPHENIX detector is shown in Figure 1.1. The experiment has been designed

to allow high-statistics, high-resolution measurements for a broad range of observables related

to jet production and modification, quarkonium production at high mass (or high pT), and yields

and correlations of heavy quark (charm and bottom) hadrons and heavy flavor tagged jets. This is

achieved through several advances compared to the current instrumentation at RHIC:

• High data rates: the sPHENIX tracking and calorimetry provide hermetic coverage over

full azimuth and pseudorapidity |h| < 1, with a readout rate of 15 kHz for all subdetectors.

2

What’s new about sPHENIX

3
4, but incomplete for jet without HCAL

4 & -1<<1 with HCAL
Designed to be ideal detector for Jet

Limited acceptance to measure Jet. 
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◙ 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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2023 : Commissioning Au+Au
2024 : p+p, Au+Au
2025 : Au+Au … p+A?

𝑠 =200GeV

TPOT
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Illustrated by Misaki Ouchida
(Hokkaido University)sPHENIX Physics Goals 



Cold-QCD: Proton Spin Decomposition 
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DS+DG+Lz

~25% ??~40%
1980’s 2000~2018

Δ𝐺: 𝐺𝑙𝑢𝑜𝑛 𝑆𝑝𝑖𝑛

ΔΣ ∶ 𝑄𝑢𝑎𝑟𝑘 𝑆𝑝𝑖𝑛

𝑂𝑟𝑏𝑖𝑡𝑎𝑙 𝐴𝑛𝑔𝑢𝑙𝑎𝑟 𝑀𝑜𝑚𝑒𝑛𝑡𝑢𝑚

Gluon

Quark
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Transverse Single Spin Asymmetry
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Origin of Left-Right Asymmetry
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Intrinsic transverse momentum
(Initial State effect)

Spin dependent fragmentation
(Final State effect)

Asymmetry ~ IS ✕ FS

Factorization

Transverse momentum



Hadron and EM Calorimeters
Outer Hcal & Magnet

EMCal in position

Inner HCal Installation

Outer HCal Installation

92024/9/4

Scientific America, March 2023



Photon and Jet Data Taking in Run24 p+p
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sPHENIX Simulation

• sPHENIX will have kinematic reach out to

∼ 70 GeV for jets, kinematic overlap with 

the LHC.

• Sampled 82 pb-1 w/ g/jet trigger so far 
(Goal ~ 62 pb-1).

0 reconstruction using EM 
Calorimeter



Inclusive Jet
• Transverse single spin 

asymmetry without final state 
effect (Spin dependent 
fragmentation)

• Possible flavor separation by 
tagging leading hadron charge.

Dijets
• Kinematical advantage. Direct 

access to intrinsic transverse 
momentum of partons.

• Statistics is challenging as a 
trade off

Asymmetry Measurement of Jet(s)
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𝑝↑ + 𝑝 → 𝑗𝑒𝑡 + 𝑋

𝑝↑ + 𝑝 → 𝑗𝑒𝑡 + 𝑗𝑒𝑡 + 𝑋



Much improved direct 
photon TSSA -> gluon 
TMD
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TMD: Transverse Momentum Dependence
Sensitive to Gluon orbital mortion

Gluon TMD by Direct-
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𝑝↑ + 𝑝 → 𝛾 + 𝑋



Tracking Detectors

TPOT

INTT

TPC

MVTX

All Trackers installed in Position (March 30th, 2023)
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Tracking System
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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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INTT BCO: 883479809083
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• Clusters marked in black are excluded in the circular ! t  
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Heavy Flavor Meson
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Sensitive to gluon Sivers TMD function via
3-gluon correlation function of Single Spin Asymmetry.

Statistics Hungry Measurement

Streaming readout of tracking 
detector
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Zero Degrees Forward Neutron Asymmetries

PHENIX, PRD 88, 032006 (2013)

𝐴𝑁 =
𝑒𝑁(𝜙)

sin 𝜙 − 𝜙0

1

𝑃

𝐴𝑁 =
1.83

0.33
~0.054

Consistent!

~33%0 rad.

Confirmed the spin vector is pointing vertical in 1008 and observed asymmetries are consistent 
with published data. 

MBD



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

• Run24 p+p at 𝑠 =200GeV is ongoing. Taking 10 
years of worthy data for high energy pQCD field 
until the EIC launches in 2032 at BNL.
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Cold QCD

Jet Physics

Heavy Flavor

Quarkonium spectroscopy
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