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sPHENIX is a first new detector in RHIC in over 20 years!

Required to complete RHIC’s scientific mission of probing the inner workings of

quark-gluon plasma (QGP)



sPHENIX will measure
QGP probes such as:
• Jet correlations and

structure
• Heavy flavor
• Quarkonia

Measurements are also
planned for:
• Bulk physics
• Cold QCD

sPHENIX physics program
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sPHENIX Detector OverviewsPHENIX Detector Overview

• Barrel detectors: |η|< 1.1, full azimuth
• 1st hadronic calorimetry at mid-rap at RHIC
• High DAQ rate of 15kHz
• Triggered readout for the calorimeters
• Streaming readout for tracking
• Forward detectors for event characterization



sPHENIX detector
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sPHENIX Calorimeter:
• Electromagnetic Calorimeter



sPHENIX Calorimeter:
• Inner Hadronic Calorimeter



sPHENIX Calorimeter:
• Outer Hadronic Calorimeter



• 1.4T superconducting solenoid repurposed
from Babar experiment



• installed september 30, 2021



• First at RHIC (at
mid-rapidity)

• OHCAL: plastic scintillating
tiles plus tilted steel plates
with embedded WLS fibers

• IHCAL: aluminum plates
instead of steel

• Overall tile segmentation of
∆ϕ×∆η ≈ 0.1 × 0.1

• Crucial for full jet
measurement

hadronic calorimeters
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OHCAL installed on feburary 28, 2022
IHCAL installed on june 9, 2022



• Made with scintillating fibers
in tungsten and epoxy

• High segmentation for HI
collisions: ∆ϕ×∆η ≈ 0.025
× 0.025

• Good energy resolution:
σE/E < 15%/

√
E for

photons (γ, jets), electrons
(Υ spectroscopy)

electromagnetic calorimeter
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EMCAL installed on december 2, 2022



sPHENIX Tracking System:
• Monolithic Active Pixel sensors Vertex Detector
• Intermediate Silicon Strip Tracker
• Time Projection Chamber
• TPC Outer Tracker



TPOT: tracking calibration
• Micromegas-based detector

with 8 sectors
• Situated underneath the TPC
• Corrects for beam-induced

space charge distortions of
the TPC

tpc outer tracker
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TPOT installed on december 9, 2023



TPC: momentum measurement

• Compact (r ≈ 80 cm) and
main tracking element filled
with Ar-CF4 gas mixture

• Ungated, with GEM-based
read out, spatial resolution of
< 200 µm

time projection chamber

15/37Ejiro Umaka (BNL)RHIC & AGS Annual Users’ Meeting 2023



TPC installed on january 19, 2023



INTT: pileup event separation
• Silicon strip detector

surrounding the MVTX
• Associates fully reconstructed

tracks with the event that
produced them

• Timing resolution ≈ 100ns

intermediate silicon strip tracker
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INTT installed on february 28, 2023



MVTX: high resolution
vertexing
• 3 layers of Monolithic Active

Pixel sensors based on ALICE
ITS-II

• Nearest to the collision point,
spatial resolution of 5 µm for
tracks with pT >1GeV

• Essential for the heavy flavor
program!

MAPs vertex detector
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MVTX installed on march 30, 2023



Event Characterization Systems:
• Minimum Bias Detector (not shown)
• sPHENIX Event Plane Detector (in green)
• Zero Degree Calorimeter (not shown)
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• 2 wheels of 12 sectors, 2.0 < |η| < 4.9, 1.2cm thick plastic scintillators with
embedded WLS fibers, 744 total tiles. Used for centrality and event plane
measurement

sPHENIX EPD
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• Covers 3.51 < |η| < 4.61, reuse of PHENIX BBC, 128 channels of 3cm thick
quartz radiator on mesh dynode PMT, 120ps timing resolution. Measures
centrality; provides triggering

minimum bias detector
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• MBD installed april 2023



• sEPD installed june 2023



• ZDC re-use of PHENIX ZDC:
n/s arms, each with 3
tungsten-fiber modules. Measures
spectator neutrons; alternate
trigger



May 18 2023, start of commissioning



Year Species √
sNN [GeV] Cryo

weeks
Physics
weeks

Lsamp (|z| < 10 cm)

2023 Au+Au 200 24 9 4.5 nb−1

2024 p+p 200 24 12 45 pb−1

2024 p+Au 200 - 5 0.11 pb−1

2025 Au+Au 200 24 20.5 21 nb−1

• Year 1: Currently in commissioning and calibration phase;
plans for first physics

sPHENIX run plan
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Year Species √
sNN [GeV] Cryo

weeks
Physics
weeks

Lsamp (|z| < 10 cm)

2023 Au+Au 200 24 9 4.5 nb−1

2024 p+p 200 24 12 45 pb−1

2024 p+Au 200 - 5 0.11 pb−1

2025 Au+Au 200 24 20.5 21 nb−1

• Year 2: Cold QCD and heavy-ion reference

sPHENIX run plan
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Year Species √
sNN [GeV] Cryo

weeks
Physics
weeks

Lsamp (|z| < 10 cm)

2023 Au+Au 200 24 9 4.5 nb−1

2024 p+p 200 24 12 45 pb−1

2024 p+Au 200 - 5 0.11 pb−1

2025 Au+Au 200 24 20.5 21 nb−1

• Year 3: Large Au+Au dataset

sPHENIX run plan
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 PreliminarysPHENIX
 = 200 GeVNNsAu+Au 

• Tight ihcal-ohcal correlation
with commissioning data!

hadronic calorimeters correlation
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• di-photon mass distribution
shows π0 peak

commissioning data with emcal
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forward detectors correlation
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signal in forward detectors
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tracking detectors correlation
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TPC hits with collision data!



sPHENIX Physics
• Jets
• Heavy flavor
• Quarkonia
• Collectivity
• Cold QCD

sPHENIX physics program
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• jet-to-photon pT balance in p+p and
Au+Au
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• jet yield as a function of the azimuthal
distance from the event plane

jet correlation projections
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• RAA predictions for
non-prompt/prompt D0 mesons

• RAA predictions for all three Υ states
with sPHENIX 3-year run plan

heavy flavor and quarkonia
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• projected statistical uncertainties for
charged hadrons and jet v2 in p+Au

• projected statistical uncertainties for
direct photon TSSAs

collectivity and cold qcd
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Commissioning began on May 18,
already have first results with commissioning data.

Looking forward to first physics results!


