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Long Range Plan 2015, page 22

The 2015  
LONG RANGE PLAN  

for NUCLEAR SCIENCE

 REACHING FOR THE HORIZON
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The main physics at sPHENIX

*RHIC: Relativistic Heavy Ion Collider in BNL, USA

https://science.osti.gov/-/media/np/nsac/pdf/2015LRP/2015_LRPNS_091815.pdf
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Tracking system

Full barrel calorimeters

Magnet system INTT

MVTX

TPC

TPOT

MBD

sEPD

EMCal

oHCal

iHCal

Beam pipe

Magnet

Flux return door

Forward detectors

INTT

MVTX

TPC

TPOT

EMCal

oHCal

iHCal
Magnet

Flux return door

sPHENIX: composed of 11 systems

sPHENIX, Super Pioneering High Energy Nuclear Interaction eXperiment, at RHIC 1008, USA

* Zero degree calorimeters were not shown
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Cheng-Wei Shih 

on behalf of Taiwan INTT group

2023 Annual Meeting of the Physical Society of Taiwan @ NCKU

The sPHENIX INTT :  
an intermediate silicon strip tracker

TPS 
2023
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*Beam spot region shown only

Run 52, Dec 10, 2021

99% efficiency line

An overview of the 
sPHENIX experiment

Cheng-Wei Shih  
for the sPHENIX Collaboration 

National Central University

2024/01/24 
Annual Meeting of the Physical Society of Taiwan 

@ NCU
The sPHENIX detector

TPS 
2024

Di-jet

EMCal
iHCal
oHCal

The success of the first year commissioning

The INTT ladder production and ladder reliability 

INTT 
ladders
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See the conference note: sPH-CONF-BULK-2024-01!

Run 2023 Au+Au commissioning dataset
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https://www.sphenix.bnl.gov/sPH-CONF-BULK-2024-01
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See the conference note: sPH-CONF-BULK-2024-02!

Fully calibrated transverse 
energy across EMCal and HCal

Excellent agreement b/w EMCal 
and HCal

Good agreement with previous 
measurements at RHIC

Run 2023 Au+Au commissioning dataset

https://www.sphenix.bnl.gov/sPH-CONF-BULK-2024-02
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Year Request 
(BUP2022) Run plan Reality 

(Species)
Reality  
(weeks) Goal

2023 28 weeks Au + Au Au + Au 10.5* Commissioning and RHIC 
standard candles

2024 28 weeks p↑ + p↑  
p↑ + Au

p↑+p↑ 24 Au+Au baseline and spin, 
cold-QCD measurments

Au + Au 3 Commissioning of TPC 
and MVTX

The Run 2024 ended on Oct 21, 2024 

*Due to the accelerator failure

Run 2024: 6 weeks (FY23 carried over) + 19 weeks (FY24) + 2 weeks (FY25 borrowed)
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All sPHENIX subsystems taking data 
(except TPC)
Exceed 200% of goal!

Program 1: Calorimeter photon & jet program with zero beam crossing angle
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Physics of interest: photon-jet, di-jet, etc
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Program 2: All sPHENIX subsystems taking data in triggered mode w/ 1.5 mrad crossing angle

TPC stable data taking after 
introduction of the 5% isobutane

Physics of interest: Upsilon family, jet structure, etc.
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Program 3: Open heavy flavor physics program w/ 1.5 mrad crossing angle and streaming readout*

*Streaming readout: regardless trigger, record events as long as the particle hits are detected
Physics of interest: D0 &  productions, etc.Λ+

c

Fully streaming readout for the 
first time at RHIC > 10%
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Precise constrain gluon Sivers 
TMD functions

D0 TSSA (p↑ + p↑)
Au+Au flagship physics: Upsilons

Projected Upsilon 2S/1S ratio in 
different p+p and Au+Au scenarios


Under the minimal Run-25 luminosity 
scenario (open), difficult to measure 

 at all, less distinguishable from 
p+p 2S/1S baseline


The target Au+Au luminosity (filled), 
has a major impact on the Upsilon 

program


(This part of the program also benefits 
from supplemental p+p running … )

Υ(2S)

sPHENIX

David Morrison (BNL)

Gunther Roland (MIT) co-spokespersons

sPHENIX collaboration meeting, BNL, Tuesday

sPHENIX
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Physics Projections Projections for supplementary p+p running
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Figure 4.2: Left: Statistical projection for the b-jet azimuthal anisotropy v2 for two different centrality
selections, including quantified assumptions about the tagging efficiency and purity. The open
and filled points correspond to the minimal Au+Au Run-25 luminosity and the sPHENIX 7 nb�1

luminosity target. Right: Statistical projections for the Upsilon 2S/1S yield ratio as a function of pT in
Au+Au (red) and p+p (black). The open points correspond to the minimal luminosity scenario for
Au+Au and the triggered full-subsystem data recorded in Run-24 for p+p, respectively. The filled
points correspond to the improved luminosity scenarios of the sPHENIX 7 nb�1 Au+Au target and
from an additional eight physics weeks of supplementary p+p data, respectively.

4.2 Projections for supplementary p+p running

While some measurements of rare probes of the Quark-Gluon Plasma can be carried out solely in
the Au+Au system, the majority of the sPHENIX scientific program crucially relies on a comparable
p+p dataset, both to benchmark the vacuum QCD reference directly in data and for calibration
purposes. Without an appropriate p+p reference in data, the modification of rare probes in Au+Au
becomes difficult to interpret as one must rely on a vacuum baseline with large uncertainties or
with a theoretical expectation, and the scientific impact is reduced.

In the Beam Use Proposal 2023 [13] process, after it was found that the projected luminosities from
RHIC during sPHENIX running would be significantly lower than planned, the PAC endorsed
a minimum p+p luminosity target of 45 pb�1 sampled with rare probes triggers, and 4.5 pb�1 of
minimum-bias tracking-only data taken in streaming readout mode. For purely calorimetric observ-
ables, the collected p+p reference data of 107 pb�1 is a good match to the Au+Au luminosity target.
However, the triggered plus all-subsystem dataset to be used for the jet-track, b-jet, and Upsilon
baseline contains 13 pb�1, representing only 30% of the BUP’23-defined luminosity target. This low
integrated luminosity is a serious challenge to those aspects of the science program, and a major
motivation for supplementary p+p running. The streaming dataset in Run-24 achieved 2.9 pb�1

which, while representing a major technical and scientific advance, is still only approximately 65%
of the BUP’23 defined goal, affecting the open heavy-flavor charm and bottom baselines.

sPHENIX proposes, as the highest priority given sufficient available beam time, eight weeks of
supplementary p+p data-taking. Based on the RHIC performanced achieved at the end of Run-24,
this is expected to double the jet-track, b-jet, and Upsilon p+p baselines, bringing the luminosity of
the sample to more than 50% of the 45 pb�1 target, and to successfully meet the luminosity target
for the streaming dataset of 4.5 pb�1. Thus, after this, RHIC would have successfully delivered the

21

p+p baseline: open heavy flavor
For un-triggerable observables like open 

heavy flavor, p+p data is the strongly 
limiting factor compared to Au+Au


Example: non-prompt  (not measured 
before at RHIC), where p+p baseline is 

from streaming readout 


Increasing the recorded p+p dataset 
with supplementary p+p data directly 

improves sPHENIX precision for:

1.  Distinguishing between models 

2. Comparisons with LHC (CMS)

D0

15

Projections for supplementary p+p running Physics Projections
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Figure 4.3: Left: Projection for the statistical uncertainty on the jet to charged hadron fragmentation
function D(z) for pT = 40–60 GeV jets in p+p data. The gray and red points represent the statistics
in the triggered full-subsystem dataset recorded in Run-24 and the impact of an additional eight
weeks of supplementary p+p running. The uncertainties are compared to the magnitude of the
fragmentation function modification found at the LHC by ATLAS. Right: Statistical projections for
the RAA of non-prompt b ! D0’s as a function of pT in central events, under different p+p streaming
dataset scenarios. The CMS measurement of b ! D0 is shown for comparison. While there are
b ! e measurements at RHIC in Au+Au events, the sPHENIX measurement in this channel would be
unique.

luminosity targets for two out of three p+p dataset types, and would achieve more than halfway on
the third, representing a major overall success for the p+p part of the program. sPHENIX believes
that the luminosity provided by eight weeks of running is the minimum needed to have an impact
on the p+p baseline. Thus, the supplementary p+p running is considered the highest priority only
if this amount of additional beam-time is available.

The left panel of Figure 4.3 demonstrates the impact of the supplementary p+p running on “jet-track”
observables, a broad category which includes charged-hadron fragmentation functions, sophisti-
cated sub-structure observables with tracking+calorimeter “particle flow”-style jet reconstruction,
energy-energy correlators with tracks in the jet cone, and wide angle jet-hadron correlations. In
the figure, the statistical uncertainties on the fragmentation function D(z) for a sample of high-pT
jets is used as an example, with additional p+p running significantly reducing the statistical uncer-
tainties in the high-z region, especially compared to the potential magnitude of the modifications
as observed at the LHC. We emphasize that this is just one example, with all observables relying
on full-subsystem calorimeter and tracking information being similarly affected. The right panel
of Figure 4.3 shows the impact for the open heavy flavor baseline. For the nuclear modification
factors of charm and bottom, measured in this example through prompt and non-prompt D0’s, the
p+p reference is the statistically-limiting one. Thus the supplementary p+p running translates into
reduced uncertainties in, for the example in Figure 4.4, the non-prompt D0 RAA. Reducing these
uncertainties is important for distinguishing between overall models, constraining specific model
parameters, and for complementarity with such measurements at the LHC.

Furthermore, Figure 4.1 in Section 4.1 also shows the impact of supplementary p+p running on
the Upsilon baseline at RHIC. The proposed doubling of the Upsilon statistics would significantly

22

sPHENIX

David Morrison (BNL)

Gunther Roland (MIT) co-spokespersons

sPHENIX collaboration meeting, BNL, Tuesday

sPHENIX

Upsilon (1S and 2S)

1. Distinguishing b/w models
2. Comparisons with LHC (CMS)

• Projected luminosity based on the delivered luminosity estimated by C-AD
• sPHENIX requests to have AuAu running reaching the statistics of 7 nb-1

• Additional p+p running is planned if the Au+Au luminosity target is met and sufficient physics weeks are available
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• sPHENIX, state-of-the-art jet detector, is the first new collider experiment at RHIC in over 
twenty years!


• In Run-23, the sPHENIX detector was fully commissioned with beam and cosmic rays 

• The preliminary standard-candle measurements of neutral pion v2 and the dET/dη show 

good agreement with that of other experiments


• In Run-24, the large high-quality p+p data was taken, partially meeting the luminosity goals

• 200% for calo physics program, 30% with TPC, and 65% for HF physics program


• Many analyses with Run-24 data are in progress. Stay tuned! The future for physics with 
sPHENIX is bright! 


• The top priority in Run-25 is to collect a very high luminosity Au+Au dataset (7 nb-1) for the 
long-envisioned QGP physics program with unique capabilities of sPHENIX at RHIC



Back up
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Beam Use Proposal

sPHENIX

David Morrison (BNL)

Gunther Roland (MIT) co-spokespersons

sPHENIX collaboration meeting, BNL, Tuesday

sPHENIX
Introduction

sPHENIX Physics Target in Run-25: 7 nb�1 (50B events)

Collision Species Cryoweeks Projected luminosity, |z| < 10 cm

Au+Au 200 GeV 20 2.4 – 4.2 nb�1 recorded

Au+Au 200 GeV 28 3.6 – 6.4 nb�1 recorded

If Au+Au luminosity target is met, ordered priority list for additional running:

Collision Species Physics weeks Projected luminosity, |z| < 10 cm

1. p+p 200 GeV 8 13 pb�1 sampled + 3.9 pb�1 streaming

2. p+Au 200 GeV 5 80 nb�1 sampled + 24 nb�1 streaming

3. O+O 200 GeV 2 13 nb�1 sampled + 3.9 nb�1 streaming

Table 1.1: Summary of the sPHENIX Beam Use Proposal for 2025 for 20- and 28-cryoweek scenarios,
and a priority-ordered list for further data-taking should additional cryoweeks become available in
FY26.

weeks of p+p running to double the statistics for the channels in which the luminosity target was
only partially met in Run-24, followed by five weeks of p+Au running and a short two week
oxygen-oxygen (O+O) run, either of which would expand the sPHENIX physics program to a new
collision system. Some of this additional running could be obtained in a long Run-25 scenario in
Fiscal Year 2026. Alternatively, all of the impactful datasets on the priority-ordered list could be
obtained in a separate 20-cryoweek Run-26, or in a combination of the two.

Chapter 4 presents selected statistical projections of physics measurements corresponding to the
proposed luminosity targets and running scenarios above. For this Beam Use Proposal, we show a
considered selection of quantitative projections updated to match the current best estimate of RHIC
performance which best illustrate the particular impact of different scenarios. Previous BUPs [12]
have discussed the full breadth of the science case in more detail.

Finally, Chapter 5 provides a summary of the sPHENIX Beam Use Proposal 2024.

3

The sPHENIX request is 
sufficient Au+Au running 
to reach the integrated 

luminosity target of  nb 


Priority-ordered list of 
physics-driven additional 
running, given sufficient 
available physics weeks 

for each item

7 −1

7

• Projected luminosity based on the delivered luminosity estimated by CA-D
• sPHENIX requests to have AuAu running reaching the statistics of 7 nb-1

• Additional p+p running is planned if the Au+Au luminosity target is met and sufficient physics weeks are available

*The dry-weeks 20 (28) assuming 22 (30) weeks are received
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sPHENIX

David Morrison (BNL)

Gunther Roland (MIT) co-spokespersons

sPHENIX collaboration meeting, BNL, Tuesday

sPHENIX

Supplemental p+p running & BUP’23 luminosity goals

Calo-only Full-system Tracker-streaming

% of 
BUP-23 goal

100%

50%

Current Run-24
+ supplemental 

8 weeks

100% of 
goal met!

>50% of 
goal met!

13
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Full barrel calorimeters, 1.4 T solenoid, excellent tracking system and wide coverage

sPHENIX, Super Pioneering High Energy Nuclear Interaction eXperiment, at RHIC 1008, USA

* Zero degree calorimeters were not shown

~ 
6 

m

~ 6 m

~ 6 m

Particle bunch

Particle bunch

sPHENIX: 1000 tons
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• First at mid-rapidity at RHIC

• Hadron energy resolution: 13.5% + (64.9% / √E) [beam test paper]

oHCal

iHCal

EMCal

Magnet

Sampling calorimeters
~ 5 λi in total 

Common readout: SiPM

114 cm

140 cm

173 cm

265 cm

90 cm

R
ad

iu
s

HCal

• Titled plates: jets go through at least 4 
scintillator tiles


• Absorber: aluminum (inner) & steel (outer)

• ∆η x ∆ɸ: ~0.1 x 0.1

WLS fiber embedded 
in scintillator plate

EMCal

• Tungsten-scintillating fiber (SCIFI)

• Radiation length: 18 X0

• ∆η x ∆ɸ: ~0.025 x 0.025

SCIFI structure

14
 c

m

Sector, 96 modules = 384 towers 

https://arxiv.org/pdf/1704.01461
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TPC
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IP

sPHENIX tracking system
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• MVTX, MAPS Vertex Tracker (2.3 < r < 3.9 cm)
- 3 layers with cell size 27 μm x 29 μm
- Precise vertex - O(10) micron in rɸ, and z

MVTX

• TPC, Time Projection Chamber (30 < r < 80 cm)
- Compact GEM-based TPC 
- ~ 14 μs drifting time
- Precise momentum measurement

TPC

• TPOT, TPC Outer Tracker (one spacial point)

- 8 Micromegas-based tracker

- Calibration of space-charge distortions of TPC

TPOT

• INTT, Intermediate Silicon Tracker (7.5 < r < 11 cm)

-2 layers of silicon strips (78 μm pitch)

-NCU & NTU participated since May 2019

-Precise timing resolution for bunch-crossing 

identification

INTT
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•MBD, Minimum Bias Detector (3.51 < | | < 4.61)

-Reuse of PHENIX Beam-Beam Counter (BBC)

-50 ps timing resolution

-Centrality & luminosity measurements, and Min. Bias. definition

η

MBD 31
 c
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PD

•sEPD, sPHENIX Event Plane Detector (2.0 < | | < 4.9)

-Bigger version of STAR EPD (4.6 < r < 90 cm)

-2 wheels of scintillator w/ embedded WLS fibers 

-Improve the event plane determination significantly

η
ZDC/SMD'

beam

ZDC$(Zero$Degree$Calorimeter)$

ZDC•ZDC, Zero Degree Calorimeter*

-Reuse of PHENIX ZDC complex

-Located at ±18.5 m from IP

-Npart in heavy ion and Local polarimeter p↑+p↑

Bunches

*the ZDC complex includes Shower Max Detector (SMD) and Veto counter
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• At 12:31 on 1 Aug 2023 a spurious trip of the Quench 
Interlock System commanded the RHIC power supplies to 
turn off and for the energy extraction system to begin 
dissipating the stored energy in the Blue Ring. 

• At 12:39 the Cryo control room informed the MCR that the 
Blue Valve Box in 1004 B was venting Helium to the exterior 
of the building.

Beam commissioning shut down 8 weeks earlier

Mail from Haiyan (BNL ALD)

• Commissioning continued with cosmic rays until Oct!
• Bank the funding and expand Run 24
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`sPHENIX collaboration
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 peak!π0

EMCal

With Au+Au collisions

sPHENIX Preliminary 
Cosmic run 
2023-08-18, Run 25475 
MVTX+INTT INTT, 4 clusters 

MVTX, 

6 clustersWith cosmic rays

INTT & 
MBD

sPHENIX sub-systems are in good conditions*! 
They are able to synchronize with each other and see the real signal 

with either collisions or cosmic rays!
 
*MVTX & TPC commissioning not yet fully completed due to accelerator failure in Run 2023

Run 2023 commissioning dataset
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`The reaction plane
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`ZDC/SMD/Veto counter
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• Zero Degree Calorimeter (ZDC): 3 modules in each side for the energy measurement 

• Shower Max Detector (SMD): b/w 1st and 2nd ZDC modules for the position 
measurement  

• Veto counter: one in the front and one in the back of ZDC for the charged particle 
rejection  

• The whole sets are located at ±18.5 m away from the interaction point, between beam 
pipes

ZDC SMD Veto counter
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`sPHENIX calorimeter system - HCal
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• Inner HCal + Outer HCal + EMCal

• First at mid-rapidity at RHIC

• Titled plates: jets go through at least 4 scintillator tiles

oHCal

iHCal

EMCal

Magnet

Sampling calorimeters
~ 5 λi in total 

Common readout: SiPM

*Calorimeters combined Reused by EPIC @EIC

Total channel ~ 3k

Outer Absorber Steel
Titled -120

Inner Absorber Aluminum
Titled +320

Δη x Δɸ ~ 0.1 x 0.1
Energy resolution* 13.5% + (64.9% / √E)

Titled in η angle pointing to origin

114 cm

140 cm

173 cm

265 cm

WLS fiber embedded in scintillator plate

https://arxiv.org/pdf/1704.01461.pdf
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`sPHENIX calorimeter system - EMCal
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• SCIntillating FIber spaghetti calorimeter (SCIFI)

• ∆η x ∆ɸ = 0.025 x 0.025

• Radiation length: 18 X0 (14 cm in length per tower)

oHCal

iHCal

EMCal

Magnet

Sampling calorimeters
~ 5 λi in total 

Common readout: SiPM

114 cm

90 cm

Reused by EPIC @EICSector, 96 modules = 384 towers 

Modules are approximately projective 
and titled in η and ɸ

In r-Z
In XY

32 sectors per side

SCIFI calorimeter Module, 4 towers
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`sPHENIX magnet & installation
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Former Babar magnet was 
transported from SLAC to BNL in 2015

CERN team in front of the sPHENIX 
detector w/ magnet mapper installed

Mapping tool

Preliminary magnet mapping
The magnet is ready for sPHENIX!

Installation: October 7th 2021

Reused by EPIC @EIC ?
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`sPHENIX tracking system
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TPOT

TPC

IN
TT

M
VTX

IP

• TPOT, TPC Outer Tracker (one space point)

• 8 Micromegas-based tracker (2 layers)

• Resolution: ~ 200 μm (ɸ) and ~ 300 μm (z)

Single-track extrapolation accuracy

• For the calibration of space-charge distortions 
of TPC 

TPOT

Micromegas detector EM
Cal

• TPC, Time Projection Chamber (30 < r < 80 cm)
• Compact GEM-based TPC
• Gas: mixture of Argon/CF4
• Operation voltage: ~ 45 kV
• Length: 2.11 m (~ 14 μs drift time)

TPC field cage

• 48 space points providing precise momentum 
measurements

Zig-Zag 
Pads

Detection plane Module

Fully assembled TPC @ SBU
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`sPHENIX tracking system

29

Cameron Dean

@ BNL, building 510

Link

• MVTX, MAPS VerTex tracker (2.3 < r < 3.9 cm)
• Monolithic Active Pixel Sensor
• Modules from ALICE ITS-2
• Cell: 27 μm x 29 μm (~0.5M channels)
• 50 μm thickness (0.3% X0)

3-layer sensor barrel 
made of 48 modules

• Superb vertex determination

• Ideal detector for high multiplicity QGP physics study

Photo

• INTT, Intermediate Silicon Tracker (7.5 < r < 11 cm)

• Inherit from PHENIX FVTX

•Strip width: 78 μm (~ 370k channels)

•320 μm thickness (1.08% X0)

•NCU & NTU participated the INTT group since May 2019

Me

- INTT has a unique role in the sPHENIX

tracking system being the only detector with 

sufficiently fast time response to be able to 

associate individual tracks and events.

Mass Resolution

Y(1S,2S,3S) à e+e-

Tracking System: MVTX+INTT+TPC 

- Charged Tracking in sPHENIX:

• MVTX provides vertexing

• TPC provides p-resolution

• INTT provides matching

• Precise timing resolution for bunch-crossing identification

• Identify the track timing of TPC and MVTX

One ladder470 mm

2-layer barrel tracker  
made of 56 ladders

INTT: +/- 53 ns

Link

https://www.bnl.gov/newsroom/news.php?a=220922
https://www.bnl.gov/newsroom/news.php?a=220922
https://www.bnl.gov/newsroom/news.php?a=220922


Cheng-Wei Shih (NCU, Taiwan)TPS2025 Annual Meeting

`INTT performance
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Commissioning in 2023 With Au-Au Collision
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particle generated 
by a collision

A clear positive correlation 
was found as expected!
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The inner vs outer layers zvtx, MBD vs zvtx, INTT Detector condition

The ADC distribution of 26 FPHX chips 
in a half-ladder.

99% of FPHX chips are in 
good condition!

A good agreement of vtxz 
with MBD was confirmed!

Δz
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x
≡
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MBD MBD

INTT z (cm)zvtx
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`TPOT - original design
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Original plan (approximately full ɸ coverage)
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`TPC Zig-Zag pads
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•Low diffusion can cause single pad hits (poor resolution).
•Zig-Zags not only minimize single hits, they achieve resolutions to a smaller 

fraction of the pitch than rectangles.
•EXTENSIVE studies at BNL lead to several principle conclusions

•Incursions of nearly 100% are required for good linearity.
•Tip-to-tip pitch must be controlled relative to avalanche spread.
•Best linearity when gaps are VERY small (<100 mm).
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`sPHENIX tracking system - 4D tracker
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1.MVTX

•Precise vertex measurement 

2.INTT

•Bridges the tracks of TPC and MVTX

•High-precision timing for bunch-crossing identification

3.TPC

•Precise momentum measurement

•Particle identification (PID) ? 

4.TPOT

•Correction of TPC space-charge distortion

DCAXY

10 μm

MVTX + TPC + INTT 

MC - Momentum resolution MC - DCAXY resolution MC - timing resolution
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`Commissioning status - global 
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sPHENIXsPHENIXsPHENIX

Figure 22: Zvtx, Run 11947,
0 mrad crossing angle

Figure 23: Zvtx, Run 11949,
1 mrad crossing angle

Figure 24: Zvtx, Run 11950,
2 mrad crossing angle

An important priority for the MBD during the run was to verify the reduction in the z-vertex
width from a crossing angle. The first runs with the crossing angle are shown in Table 1.

Run Date B-Field Crossing Angle (mrad) RMS width (cm)
11947 7/5/2023 full 0 26.6
11949 7/5/2023 full 1 13.9
11950 7/5/2023 full 2 8.4

Table 1: First crossing angle runs in sPHENIX

The reduction in width seen in Figs. 22- 24 is largely consistent with the expectations laid out
in the Beam Use Proposal from 2023, and also shows that the MBD was able to provide good
z-vertex measurements during the run. This has been further verified by the consistency between
the z-vertex as determined by the MBD, and that from the INTT (see Fig. 60(b)).

The MBD charge calibration is done by fitting the MIP peak. The plots in Figures 25 and 26
show the distribution for the amplitude of the waveforms from PMT Channel 35 in the MBD (all
other channels are similar). The prominent MIP peak comes predominantly from events where
there was a single charged hadron going completely through the MBD SiO2 Cerenkov radiator.
The underlying background comes from albedo, overlaps from multiple MIPs in a PMT, or from
particles which only partially go through the radiator, or have a different response than a typical
hadron (such as electrons), as well as other contributions. The MIP peak is clearly seen in both
field-off and field-on runs. The drop in gain of the PMT’s of about a factor of 2-3 was consistent
with expectations from what was known before the start of the run, and was accounted for by
changes in the HV bias to the PMT’s, and from being able to fit in the dynamic range of the
electronics.

One unusual aspect of the sPHENIX MBD is that the albedo is different for the north and south
MBD largely due to an additional flange in the direction of the north MBD. The additional flange
and adds material that results in conversions of photons to electron-positron pairs, which are
then detected by the MBD – see Fig. 27. The original sPHENIX beam-pipe design was symmetric,
but after its destruction in a warehouse fire, sPHENIX had to use an older STAR beam-pipe that
required an additional flange. This leaves an asymmetry so that the north MBD sees about 30%
more charge.
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7.2.3 Correlation between subsystems894

The ZDC uncalibrated signals were sufficient to observe clear correlations of the ZDC with the895

MBD; as well as the ZDCs with each other (see figure 34), showing clear contributions from896

electromagnetic processes, in which one nucleus is dissociated while the other is left mostly897

intact, and hadronic processes (the primary one studied by sPHENIX), in which the ZDCs see the898

highly-correlated signals of spectator neutrons from the breakup.899
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Figure 34: 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 at900

the single neutron peak, and also techniques based on normalizing the weights to full simulations901

of HIJING events. The detector also appeared to be mostly stable for the duration of the sPHENIX902

running, but detailed time dependence studies for each detector module are underway.903

7.2.4 SMD904

In between the first and second section of the ZDC, a shower max detector (SMD) has been905

installed, with a horizontal and vertical scintillator hodoscope (8 sections vertically, 7 horizontally),906

read out with a multi-anode PMT. This detector was used for measuring small deflections of the907

measured showers. This was utilized by PHENIX for measurements of the first order reaction908

plane (for flow measurements) as well as to monitor the transverse polarization of the RHIC909

proton beams. For use in sPHENIX, the SMD was only partly commissioned in mid-July, where910

half of the north SMD was digitized in the sPHENIX DAQ. The full system was readied in early911

August, but just after the RHIC magnet quench incident. Hence, it has not been utilized in active912

data taking.913
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Magnet ZDC & 
MBD

MBD - z vertex with different crossing angles

4 out of 11 checked!

ZDC MIP

        Magnet current

Systems synchronized and able to see the real signal!

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Total MBD Charge [arb. units]

0

0.2

0.4

0.6

0.8

1

1.2

To
ta

l s
EP

D
 E

ne
rg

y 
[a

rb
. u

ni
ts

]

1

10

210

310
8/30/2023

 PreliminarysPHENIX
 = 200 GeVNNsAu+Au 

|<20cm
MBD

|z

sEPD & MBD



Cheng-Wei Shih (NCU, Taiwan)TPS2025 Annual Meeting

`Commissioning status - calorimeters
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Figure 43: Leakage current in HCal measured once per fill as a function of total number of ZDC
coincidence hits
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Figure 44: The correlation between the total amount of energy in the inner and outer hadronic
calorimeters (left) and the total amount of energy in the outer hadronic calorimeter with the total
amount of charge in the MBD (right) in Au+Au collisions at

p
sNN = 200 GeV.
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7 out of 11 checked!

 peak!π0
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Event display of the sPHENIX calorimeter system

oHCal & MBD

EMCal

sEPD & EMCal
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`Commissioning status - tracking system
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Figure 48: MVTX internal correlations. Top left - one stave on L0 vs one stave on L1 from different
FELIX servers, top right - L0 vs L1, bottom left - L0 vs L2 and bottom right - L1 vs L2. These staves
are distributed over three FELIX servers.
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Figure 49: Two-dimensional event display of the event with BCO 883719272338: (Left) The cluster
position and size in X-Y plane. (Right) The cluster position and size in Z-Radius plane.
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INTT & MBD
Z vertex comparison

11 out of 11 checked!
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oHCal barrel complete, Feb 2022

Feb 2022: Cradle, magnet & oHCal June 2022: iHCal barrel insertion Dec 2022: EMCal sector installed

Jan 2023: TPOT & TPC in place March 2023: INTT & MVTX installed June 2023: sEPD installed
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First oHCal sector in placed, June 2021

Magnet installation, Oct 2021 

oHCal barrel complete, Feb 2022
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Full iHCal barrel insertion, June 2022

Inserting the EMCal sectors

EMCal fully installed, Dec 2022
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TPOT installation, Dec 2022

TPC insertion, Jan 2023

TPOT: 8 Micromegas module
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MVTX half

Post INTT cabling

Post INTT insertion

INTT insertion, Mar 2023

MVTX installed, April 2023
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MBD: April 3rd 2023  

sEPD: June 2023
 
ZDC: was already for > 10 
years
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Hard Probes 2018Gunther Roland

From PHENIX…

�182016
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Hard Probes 2018Gunther Roland

…to…

�192018

STAR Beam Energy Scan
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May 2023

To sPHENIX
sPHENIX detector construction complete 

1008 shield wall in place 

Shift started in early April  

Gas & HV operation permitted

With more than 10 years of preparation, sPHENIX moved from 
construction phase to the commissioning phase on May 18 2023!  
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• NCU and NTU participated in the sPHENIX INTT detector group since May 2019, the R&D phase 
• Contributions:


1. INTT sensor testing

2. 1/3 ladder assembly and testing in Taiwan 

3. Ladder classification criteria

4. Two INTT beam test experiments 

5. On-site INTT barrel construction & commissioning

6. INTT software development (LV GUI, DB, calib. online analyzer)

7. 4 times sPHENIX relevant meetings & workshops @ NCU  

8. Cosmic track finder (first in the sPHENIX)

9. sPHENIX Run 23 collision point (XYZ) calibration and more!

10. Contact of sPHENIX spin physics program of 3 weeks 

11. Measurement of the MBD cross section → global contribution 


12. Run 23 dN/dη pub. → Potentially the first pub. in sPHENIX
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A bit exaggerated in quantifying the contribution, INTT is the most advanced tracking detector in Run23 x Taiwan group did 
tremendous contributions to the INTT detector →  ~ 10% contributions to the sPHENIX Collaboration (As of Run 23)
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