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Strong connection from HIC to EIC: from detector, analysis technique to physics
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RHIC incident Aug 2023
Transferred commission time to Run24
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Hadronic Calorimeter(s)

1.4 T super conducting magnet

Electromagnetic Calorimeter

Micromegas Outer Tracker (TPOT)

Time Projection Chamber (TPC)

Event plane detector (EPD)

M.B. and Event Plane Detectors

Intermediate Tracker (INTT)

MicroVertex Detector (MVTX)

DAQ: 

15 kHz calo trigger + 10% streaming 

10 GB/s data logging
Jin  Huang <jihuang@bnl.gov> sPHENIX Perspective: HIC to EIC
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HCal: steel scintillator sampling calorimeter
• Hadron dE/E ~ 14% + 65%/√E
• 0.1x0.1 towers
• ~5 hadronic interaction length for full calo stack
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Inner HCal: Al-scintillation tile sampling calorimeter
Mechanical support for EMCal + EM-shower tail catcher 
+ constraint longitudinal position of hadronic shower
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EMCal: Scintillator Fiber Tungsten sampling calo.
• EM dE/E < 5% + 16%/√E
• 0.025x0.025 towers
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Au+Au Data
Run23
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Fully corrected dET/dη measurements using the 
sPHENIX calorimeter system. STAR and PHENIX 
measurements are included for comparison.

v2
π0 as a function of centrality, integrated over the range 

of 2 ≥ pT ≥ 5 GeV. sPHENIX data (blue) are shown in 
comparison to results from PHENIX (red)
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• 𝜋0 and 𝜂 invariant mass distributions

• 0.01% of collected data
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Detectors inside the magnet

MVTX
INTT
TPC

1.6 m

2.1 m

TPOT
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MVTX
INTT

TPC

TPOT
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Diameter ~ 8 cm

 MVTX: MAPS based vertex tracker, 3 layers
◦ Using staves from ALICE ITS2 upgrade
◦ ALPIDE chip, 30um pitch, Low mass (~0.3% X0)
◦ 5um position resolution, 5-10us integration time
◦ Technology foundation to the EIC SVT main tracker

 INTT: silicon strip tracker, 2 layers
◦ 78 um pitch, provides timing tag resolving bunch crossing
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Pad Planes

TPC FEE

FELIX Readout card Installed TPC in sPHENIX
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Cosmic Data, B=0
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Au+Au Data
Run23
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K0
s → +-

0
s →p±± 

p+p Data
Run24



 sPHENIX is a major new collider detectors, and 
naturally there are challenges. Collaboration/Lab 
came together resolving them expediently Prominent 
examples: 

 Run23 AuAu commissioning was cut short due to 
RHIC magnet failure 
→ moved 6-week commission time to Run24

 MAPS silicon tracker experience beam background 
that was distinct from ALICE run at LHC 
→ Firmware and hardware protection, beam 
background feedback to RHIC
◦ Quite Relevant experience for EIC

 TPC experience beam background that leads to 
frequent gigantic ionization (>1000MIP) that leads to 
GEM discharge and damage
→ Approval and installation of Isobutane-gas mixture. Physics 
operational last week! 
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Special run 
Detecting >1000 MIP beam bgd hits
100% streaming data
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Taco party celebrating start of TPC physics run
Yesterday! 
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Calorimeter program 
exceeding Run24 

project. Lumi
(Photon, Jet)

• Full tracking commissioned
Started physics run exactly 
one week ago 

• Reached 10% streaming as 
in Run24 projection

End of calo. commissioning 
Start of (calo+silicon) 

physics operation
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MVTX RU, 200M ch INTT ROC, 400k ch TPC FEE, 160k ch     BNL-712 / FELIX v2  x38 (ATLAS/sPHENIX) 
ALPIDE (ALICE/sPHENIX), FPHX (PHENIX) SAMPAv5 (ALICE/sPHENIX)               

MVTX
INTT

TPC

Global Timing
Module
(NSLS II/sPHENIX)
Receiving from RHIC RF 
low glitter clock source

Server

COTS 
Network 

&
Storage

Server

Server

Server

....

FEE

FEE

FEE

FEE
....

Exp. Hall

DAQ room

10/100 Gbps
Network

48x 10-Gbps bi-directional 
 optical links per FELIX

Timing

sPHENIX streaming DAQ for tracker

FELIX Ref: 10.1109/tim.2019.2947972 

• sPHENIX plan to streaming rec. 10% p+p collisions in hybrid streaming DAQ (achieved last week!)
→ 2-3 orders of magnitude increase in soft-HF statistics

• EIC physics leads to the plan to use 100% streaming in EIC Detectors

https://doi.org/10.1109/tim.2019.2947972
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sPHENIX D0 trans. spin asymmetry, AN→ Gluon Sievers via tri-𝑔 cor. EIC SIDIS D0 transverse spin asymmetry → Gluon Sievers 

[sPH-TRG-2022-001]
Model: 10.1103/PhysRevD.78.114013

Universality test on gluon Sievers

[CNFS HF@EIC workshop, Nov 4-6, 2020]

←10% Streaming DAQ
←100% Streaming DAQ

𝑒 + 𝑝↑ → 𝐷 + ഥ𝐷 + 𝑋

Simulation

https://indico.bnl.gov/event/9273/


HIC to EIC was envisioned from the 
conceptual design stage of sPHENIX, 
a decade ago

 Forward upgrade proposal  
arXiv:1501.06197

 EIC detector proposal 
arXiv:1402.1209  

26

Seminar slides, ~1 decade ago
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ECCE Detector proposal 
arXiv:2209.02580

ePIC, the EIC project detector
https://www.bnl.gov/eic/epic.php 
See talk: Olga Evdokimov 

https://www.bnl.gov/eic/epic.php


 EIC simulation involve generate billions 
background+noise time frames, then doing 
embedding into them
◦ This is traditionally computationally expensive

 Generative AI has found success in scientific 
fast simulation: GAN, Diffusion, ..

 High fidelity is key to science application: 
notice the misspelling on the right
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Diffusion model (DALL·E 3) hallucinating this very meeting…



 Go, Torbunov et. al., arXiv:2406.01602 , PRC accepted (yesterday)

 x100 speed gain comparing to G4 (after scaling 32-core CPU for 1x GPU)

 Diffusion model produce much higher quality than GAN models
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https://arxiv.org/abs/2406.01602
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Summary

Questions?

sPHENIX completed (most) commissioning and started 
physics operation 
Natural connection to EIC: detector, analysis, physics

Motivated collaborators who also contribute to 
ePHENIX, ECCE/ATHENA, ePIC (proj. detector)
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DCA resolution Precision vertex + fast DAQ → large HF sample
Simulation: 25 minutes of data at 15 kHz collision rate 

pT [GeV]



 Bringing high precision non-prompt-D suppression and flow to RHIC
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• Determine the bottom quark collectivity 
• → clean access to DHQ at RHIC energy

• Probe the mass dependence of quark 
energy loss in QGP, light → c → b

• Sensitive to pick up collision energy loss

Simulation Simulation
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 STAR and ALICE 
collaboration reported 
enhanced charm baryon to 
meson ratio → challenging 
hadronization models

 sPHENIX streaming readout 
will deliver first 𝑝 + 𝑝 
measurement at RHIC

 sPHENIX will also map out 
the Λ𝑐/𝐷 ratio over 
momentum dependence

Simulation



 Access charm jet and easy background rejection
 Study of heavy-quark initiated jet structure and parton 

shower
 Enabled by abundant D0 statistics + jet capability
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 Bicephalous Convolutional Auto-Encoder (BCAE) that 
perform data compression and noise filtering in one step

 Validating on (simulated) sPHENIX TPC 3D voxel data

 Paper award in Data Reduction Workshop in SC23 
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Half precision 

Full precision 

per NV RTX A6000 GPUBCAE architecture

[Huang et al SC23, DOI: 10.1145/3624062.3625127 arXiv:2310.15026]
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Simulation
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Simulation
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1-8 times mass effect!
x2 effect vs 10% 
variation on gmed!

b/light ratio on RAA
Partial exp. systematic 
uncert. cancelation

Unique region in the RHIC kine.
@ max sensitivity to mass eff.

Simulation
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Simulation



 All three sPHENIX tracking detector 
uses streaming readout

 Developed plan to take 10% streaming 
data for heavy flavor physics program 
commended by RHIC PAC. 
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RHIC PAC 2020 report

[sPH-TRG-2020-001]

https://indico.bnl.gov/event/9301/


 v1: Geometry tilt of QGP 
source

 Δv1: Initial magnetic field 
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c

c

[sPH-TRG-2020-001]

https://indico.bnl.gov/event/9301/
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 Demonstrate b-jet capability: tagging algorithms evaluated using full 
detector HI simulation

 Reaching a promising working point in central Au+Au collisions 
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Secondary-vertex mass

[sPH-HF-2018-001]

Secondary-vertex tagger

CMS work-point, Phys. Rev. Lett. 113, 132301 (2014) 

Track-counting tagger

https://indico.bnl.gov/event/4072/


 sPHENIX integration of KFParticle: 
◦ Generic resonance reco, also used in CBM, STAR , ALICE

 Used in mock data challenges → day-1 data
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[sPH-HF-2021-001]



 If opportunity arise in 2026-27, OO, ArAr runs
 pA: Mystery of non-zero HF v2 but lack of quenching. Small-A collision may bridge the 

gap from pA to large-AA
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[sPH-TRG-2020-001]

https://indico.bnl.gov/event/9301/
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sPHENIX MVTX 2019 Beam Test
Using 180nm ITS2 ALPIDE MAPS sensor

MVTX Cluster hit Spatial Resolution < 5 um 
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 Gateless and continues readout 
with GEM (similar to the ALICE 
TPC upgrade)

 Fast drift, low T diffusion, low 
ion backflow: 
50:50 Ne-CF4 gas, 13 us drift

 48 layer of pad rows, zigzag pad
 SAMPA v5 ASIC with 80ns 

shaping time
 dp/p ~ 1% at 5GeV/c
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sPHENIX BUP2021 [sPH-TRG-2021-001], 24 (& 28) cryo-week scenarios

RHIC PAC-2021 Report: 
“sPHENIX construction, 
installation and operation to 
accomplish its science goals 
is now the overarching 
priority for RHIC for the next 
4 – 5 years.”

https://indico.bnl.gov/event/11884/
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First Physics Measurements in Au+Au: 𝝅𝟎𝒗𝟐 versus Centrality 

𝜋0𝑣2 as a function of centrality 

Using commissioning 

data ~ 5 M events from 

Run 2023 with 

EMCal  and MBD 

to measure 𝜋0𝑣2

For more details/results see sPHENIX contributed talk by Emma McLaughlin on 6/7/24 at 4:30 pm   
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First Physics Measurements in Au+Au: 𝐝𝐄𝐓/𝐝𝛈 versus Centrality 

For more details/results see sPHENIX contributed talk by Emma McLaughlin on 6/7/24 at 4:30 pm   

“ I will use Emma’s Plot”

Using commissioning data ~ 249k events from Run 2023 with EMCal+IHCal+OHCal+MBD to measure 
𝑑𝐸𝑇

𝑑𝜂
𝒅𝑬𝑻

𝒅𝜼
 distribution in each calorimeter subdetector
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First Physics Measurements in Au+Au: 𝐝𝐄𝐓/𝐝𝛈 Comparison

For more details/results see sPHENIX contributed talk by Emma McLaughlin on 6/7/24 at 4:30 pm   

𝒅𝑬𝑻

𝒅𝜼
 distribution, comparison to 

other experiments

STAR and PHENIX

Using commissioning data ~ 249k events from Run 2023 with EMCal+IHCal+OHCal+MBD to measure 
𝑑𝐸𝑇

𝑑𝜂

Presented are sPHENIX centrality intervals from 
preliminary centrality calculations which will be 

updated before finalizing centrality selections and 
reporting quantities like <Npart>
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 Suppression with clear distinction of three Upsilon states

 Color dipoles probing the QGP at three length scales

ϒ(2s) – 
0.56fm

ϒ(3s)-
0.78fm

ϒ(1s) – 
0.28fm

Simulation Simulation
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