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sPHENIX

« SPHENIX: successor to PHENIX, designed to complete the study of the
QGP at RHIC energy. [2015 Long Range Plan]

« State-of-the-art jet detector
» Started operation in 2023
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https://indico.bnl.gov/event/10974/contributions/46394/attachments/32983/52803/1296778.pdf.pdf
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Measurements of Bulk Properties

* First physics papers from sPHENIX: Key measurements
demonstrating calorimeter and tracker performance using a short
Au+Au run in 2024.

* Transverse energy density, dE;/dn, using calorimeters (PRC 112 (2025),
024908)

» Charged hadron multiplicity, dN,;/dn, using silicon tracking detector (INTT)
(JHEP 08 (2025), 075)

* Performance of global detectors and tracking detectors in Au+Au
and p+p collisions
» Event characterization
« M v, in Au+Au
« Event plane resolution
« Mass distribution of light and heavy flavor hadrons
« Long-range two-particle correlations in high-multiplicity p+p events



SPHENIX Detectors

Full azimuthal coverage and |n| < 1.1 acceptance for the tracking system and
calorimeters, with high-speed readout of triggers and streaming.
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SPHENIX Detectors

Full azimuthal coverage and |n| < 1.1 acceptance for the tracking system and
calorimeters, with high-speed readout of triggers and streaming.

Calorimeters:
« EMCal: Tungsten-scintillating fiber
sampling calorimeter
« ApxAn: 0.025x0.025
* Projective geometry
« HCal: Steel-plate scintillating-tile

sampling calorimeter
« two layers of inner and outer
* A¢pxAn: 0.1x0.1
* Projective geometry

The first mid-rapidity HCal at RHIC

unbiased jet reconstruction
and triggering




SPHENIX Detectors

Full azimuthal coverage and |n| < 1.1 acceptance for the tracking system and
calorimeters, with high-speed readout of triggers and streaming.

Tracking System:
« MVTX: MAPS-based silicon pixel
 Based on ALICE ITS2 inner barrel
* O(10 um) providing precise vertex
position
 INTT: Intermediate silicon strip
» Timing resolution <1 BC (106ns)
« O(10 pm) resolution in r-@
 TPC: Gas tracker using GEM
« Target momentum resolution:
Ap/p =0.02 at ~ 5 GeV

-------------------- Toeiraian _ PID by dE/dx
 TPOT: Micromegas-based
e gaseous detector

* No full azimuthal coverage
* reference for TPC calibration



SPHENIX Detectors

Full azimuthal coverage and |n| < 1.1 acceptance for the tracking system and
calorimeters, with high-speed readout of triggers and streaming.

Global Detectors:
« MBD: Minimum Bias Detector
« sSEPD: Event Plane Detector
« ZDC/SMD: Zero-degree Detector

and Shower-Maximum Detector

Global EL | | Triggering, event charac_:terl_zatlon,
Deteciqrs 1 | and event plane determination
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sPHENIX Data Taking

« 2023: Au+Au at 200 GeV commissioning

« 2024: p+p with trigger and streaming 107 v stmmisios 560 50 e e
mode + short Au+Au at 200 GeV
« 107.4 pb! with calorimeters and Si trackers
(~240% of goal)
« 13.3 pb! with all subsystems (~30% of goal) i

« 2.9 pb! using streaming readout for trackers at El
central rapidity (~65% of the goal) R oo e e (g
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First Physics Paper published using the 2024 Au+Au data




sPHENIX Data Taking

« 2023: Au+Au 200 GeV commissioning

» 2024: p+p at Vs = 200 GeV with trigger [k e A
and streaming mode + short Au+Au S 002 [E— oz

« 107.4 pb-! with calorimeters and Si trackers 730-018} T [——— ‘g
(238'60/0 Of goal) §0.016§ — Run 2025 Au+Au Goal of 7.0 nb™ E

£0.014—
Z0.012—

« 13.3 pb! with all subsystems (30% of goal)

« 2.9 pb-' using streaming readout for trackers at EXy =
central rapidity (65% of goal) 0.008

0.006 —

0.004 —
E Goalreached early Dec, -

e 2025: Au+Au at \/SNN = 200 GeV °'°°z'f | ifwe return to 0.05 nb™" per day %02
« Target luminosity is 7 nb-’ e
« 2.9 nb" with MB trigger until Aug 26%
» Additional Possibility: p+p, pA, and O+0O ?7?




Centrality Determination

A characteristic decrease in the total ZDC energy is observed at both high
and low values of the MBD charge sum.

 Centrality classes determined from the measured MBD total charge
distribution and Glauber + NBD fit.

10 SPHENIX Au+AU (5, = 200 GeV PRC 112 (2025), 024908
== i 1400 - ' ' |
— 10 10° + Data SPHENIX 5
% 1200 -1.[}3 = MC Glauber & NBD
8 »
£ 1000 § 4
= z
- 10
o
2 1
(1]
O
a
N

Data / MC

100 150

10° 10° MBD charge sum
MBD Charge Sum CI) @



dE;/dn in Au+Au collisions

« dE;/dn measurement is conducted using calorimeters, EMCal and HCal.

* Energy calibration
« EMCal: Matching measured 1m0 mass distribution to simulation
« HCal: Matching MIP peaks of cosmic and simulation

« Correction with MC simulations: C(n) =
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dE;/dn in Au+Au collisions

PRC 112 (2025), 024908
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» Excellent consistency between EMCal and HCal

« Sensitive to energy deposit from different particles and completely independent
calibrations



dE;/dn in Au+Au collisions

« sSPHENIX results are consistent with the previous studies by PHENIX and STA
« Uncertainty is improved in peripheral collisions in normalized dE/dn.

« AMPT describes the result very well.
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dN_,/dn in Aut+Au collsions

» Measure charged multiplicity using the number of cluster pairs of INTT inner an
outer barrels.

» Two different approaches are used to measure charged particle yield

* The combinatoric method: combinatorial background subtraction by rotating inner-layer
clusters by 1T in ©.

* The closest-match method: counting the closest angular-separation cluster pairs
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dN_,/dn in Aut+Au collsions

» Consistent results are obtained with different methods for all centrality classes.

JHEP 08 (2025), 075
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dN,/dn

dN_,/dn in Aut+Au collsions

» Consistent with the previous studies for all centrality classes.
* HIJING describes the result very well.

JHEP 08 (2025), 075
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0 v, In Au+Au

* The 11° v, was extracted using the
scalar product method, with MBD

north and south as two independent . 03—

subevents, and the results are
consistent with those of PHENIX.
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Performance of Event Plane Determination

« sSEPD provides an event plane with high resolution (>50%) in semi-central
collisions

 essential inputs to future flow measurements, such as b-jet and heavy flavor hadrons.

1 4/1/2025 >(\J 0_25_ T I T | I I I | T T T I T T T ‘ T T T ‘ T 1
c e L T T - u
2 0 95— SPHENIX Preliminary _E 0 2i SPHENIX Projection, 0-80% Au+Au, Years 1-3
3 F Au+Au |s, =200 GeV = ““I 21 nb'rec. Au+Au, Res(¥,)=0.5 E
8 0.8 - - N
i g E 0.15F- =B D° R
> ] - - Prompt 0°
A 0.6 — 0.1— —
o i I . g - ]
L 0.5 - L -
» - . e 3 005 7 R =
0.4t § E ® 0000000000000 ¢ + ! .
03;_ » ... _; 0~ + + + + + [ M :

0.2 "o - | .

- . —0.05F oo D-meson (fit to STAR PRL118 —

0.1 = - ——— B-meson (mT scaling) .

:I N | PN N T T T N O T T U N T T N N T |: —010_ ! ! ! l ! ! ! l ‘ ‘ ‘ [ ‘ ‘ | ‘ ‘ | -

% 10 20 30 40 50 60 70 2 4 6 8 10

Centrality [%] P, [GeV]



Tracking performance in 2025 Au+Au

* First look using full tracking use < 1 second of 2025 Au+Au data.

« K% and A mass peaks are clearly visible!
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Streaming Readout in p+p

* The streaming readout allows for the collection of unbiased p+p collisions at rates
of up to ~200 kHz.

« = 20X more statistics than with the minimum-bias trigger
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Tracking performance using streaming readout in p+p

« Clear K% peak in pp collisions using streaming readout.
« Mass distribution is stable for the entire timing.
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Performance of heavy flavor measurements in p+p

« Observe the first signal of D° and /Ac using 1 hour of p+p data with early-
stage calibration.

« Essential inputs for measuring the meson/baryon ratio and the flow.
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Performance of two-particle correlation measurement
using silicon tracklets in p+p

No Multiplicity Selection Nqiticon seed = 15 (Top 0.1 %)
SPHENIX Preliminary Spyeties SPHENIX Preliminary 9/5/2025
p+p Vs =200 GeV Nsiicon seea > 1 p+p Vs =200 GeV Nsiicon sees > 15 (top 0.1% HM)
Streaming&lvzly p.> 1 GeV Streaming&lvzly p.> 1 GeV
5 0.031 g
o ' o
8 0024 3

2

* The silicon seed is still at an early stage of calibration and requires further refinement.

« With streaming datasets, we can reach the top 0.1% of high-muiltiplicity events;
however, this is not sufficient. 10-20x more statistics coming.



Summary

« sSPHENIX started operation in 2023. Data correction for p+p + short Au+Au in 2
and Au+Au in 2025.

* First physics results are published using 2024 short Au+Au: dE;/dn and dN_,/dn.

« The performance of the T1° v,, event plane, and tracking in reconstructing light and
heavy flavor hadrons has been successfully confirmed in Au+Au and p+p collisions.
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