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◼︎sPHENIX is a brand-new general-purpose 
detector at RHIC 

◻︎Completed installation in May 2023  

◻︎Began the commissioning period in preparation 
for physics data taking in June 2023  

◻︎Has since collected high-quality physics data 

◼︎sPHENIX serves as the central and essential 
component for completing RHIC’s science 
mission to probe the inner workings of the QGP 

◻︎Enables multi-scale probes and provides 
complementarity with the LHC measurements

OVERVIEW
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sPHENIX PHYSICS PROGRAM
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sPHENIX DETECTOR
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sPHENIX DETECTOR
● Tracking system — vertex, timing 

resolution, momentum measurement 
(MVTX, INTT, TPC, TPOT) 

● Calorimeter system — mid-rapidity 
full-azimuth coverage (EMCAL, iHCAL, 
oHCAL) 

● Global event characterization detector 
(MBD, sEPD, ZDC, SMD)
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sPHENIX DETECTOR
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● Tracking system — vertex, timing 
resolution, momentum measurement 
(MVTX, INTT, TPC, TPOT) 

● Calorimeter system — mid-rapidity 
full-azimuth coverage (EMCAL, iHCAL, 
oHCAL) 

● Global event characterization detector 
(MBD, sEPD, ZDC, SMD)
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FOCUS OF THIS TALK
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◼︎New results on the bulk properties from data collected during 
Run-2023 and -2024 

◻︎2 poster presentations in this conference 

● Long-range two-particle correlation in high-multiplicity p+p collisions: 
Indico page of the poster 

● Event plane determination with forward detectors: Indico page of the poster 

◻︎1 preliminary result 

●  Neutral pion v2 in Au+Au Collisions: sPH-CONF-BULK-2024-01 

◻︎2 physics papers 

● Measurement of transverse energy per unit pseudorapidity, dET/dη in Au+Au 
collisions: [Link to sPHENIX publication, arXiv] [Indico page of the poster] 

● Measurement of charged hadron multiplicity dNch/dη in Au+Au collisions: 
[Link to sPHENIX publication, arXiv]

https://arxiv.org/abs/1209.6330
https://indi.to/VvrVm
https://indi.to/8kDp6
https://www.sphenix.bnl.gov/sPH-CONF-BULK-2024-01
https://indi.to/gQSMQ
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◼︎Measure long-range two-particle correlations in high-multiplicity pp collisions 

◻︎Using silicon-tracks — validation of the sPHENIX tracking and the performances of two 
silicon detectors, MVTX and INTT, which provide precise vertexing and timing 

◼︎Complementary measurements of the two-particle correlation in pp collisions to 
PHENIX publications

TWO-PARTICLE CORRELATION IN pp COLLISIONS
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Poster by Yuko Sekiguchi 
[Poster # 741] 

2PCPYTHIA simulation
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◼︎Event plane determination using sPHENIX forward detector, MBD and sEPD 

◻︎Essential inputs to future jet and open heavy-flavor flow measurements 

◼︎Plan to combine the tracking system to measure the charged hadron v2 in Au+Au 
collisions in Run-2025!

EVENT PLANE MEASUREMENT
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Poster by Ejiro Umaka 
[Poster # 824] 

4.3 Event Plane Resolution98

The event plane resolution is given by [6]:99

Rn = →cos[n(!n ↑!RP)]↓ (6)

The event plane resolution can be estimated with a two-subevent method, where one divides100

the full event into two independent sub-events. In the analysis, particles in one arm of the101

detector serves as a subevent. The event plane resolution for the sub-events is the square-root102

of the correlation between the event plane determined from the two arms of the detector:103

Rn,sub =
√
→cos[n(!S

n ↑!N
n )]↓ (7)

where S and N stands for south and north respectively. In the rest of the note, Rn, is the104

resolution determined from the two-subevent method and the full event resolution is
↔
2Rn.105
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Figure 42: Top: second order event plane resolution with the sEPD as a function of sEPD
total charge. Bottom: second order event plane resolution with the MBD as a function of
MBD total charge.
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Figure 42: Top: second order event plane resolution with the sEPD as a function of sEPD
total charge. Bottom: second order event plane resolution with the MBD as a function of
MBD total charge.
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◼︎Azimuthal anisotropy of 𝛑0 as one of 

the calorimeter-based standard candle 
measurements 

◼︎EMCAL energy calibration: the energy 
scale is extracted from the 𝛑0→ɣɣ 

candidate invariant mass, then set to 
match simulation after the detector 
effect smearing 

◼︎The reference flow vector is 
determined by signals in MBD and is 
propagated to the v2 calculation

MEASUREMENT OF 𝛑0 v2 IN Au+Au COLLISIONS
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◼︎The 𝛑0 v2 is measured as a function of 

centrality  

◻︎v2 increases with centrality and levels 
off at around the 30−40% centrality 
class 

◼︎Extraction of 𝛑0 v2 from Run-2023 

commissioning dataset  

◻︎Consistent with the PHENIX 
measurement, made with much higher 
statistics, and validates sPHENIX event 
plane and 𝛑0 reconstruction

MEASUREMENT OF 𝛑0 v2 IN Au+Au COLLISIONS
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◼︎The transverse energy per unit pseudorapidity, dET/dη, measured by the full 
calorimeter system EMCAL + HCAL 

◻︎First dET/dη measurement with mid-rapidity full azimuthal coverage HCAL at RHIC!

MEASUREMENT OF dET/dη IN Au+Au COLLISIONS
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Figure 3: Panel (a) provides an example of a reconstructed EMCal di-cluster invariant mass
distribution, similar to those used for in situ EMCal tower calibrations. The distributions are made
from EMCal cluster pairs using Run 2024 Au+Au data (points) and a geant-4 simulation of HIJING
events (histogram). The prominent peak arises from π0 → γγ decays. Panel (b) illustrates an
example of the measured energy distribution in a single OHCal tower, comparing MIP distribution
from cosmic-ray data from the detector (points) and from a geant-4 simulation of cosmic-ray muons
from EcoMug (histogram).

After calibration, the detector-level dET/dε in each calorimeter system was reconstructed for each192

centrality class via: ET(ε) = ∑Ntowers
i=1 Etower(ε)sin(ϱtower(ε)) where the polar angle, ϱ, and ε of193

each tower is determined with respect to the vertex position.194

3.3 Detector response correction factors195

Simulations of Au+Au events are produced using three MC event generators, HIJING, AMPT, and196

EPOS4. These simulations are used in the analysis to derive correction factors for the reconstructed197

dET/dε values measured in the sPHENIX calorimeter measurements, and for comparisons of198

the final results. These corrections include accounting for charged particles with transverse199

momentum pT < 180 MeV that curl up in the sPHENIX magnetic field before reaching the200

calorimeters.201

HIJING is a high-energy, heavy-ion and proton-proton collision event generator that uses an202

MC Glauber model of the nucleus-nucleus collision geometry and perturbative QCD to model203

hard scatterings as parton mini-jets. The model includes multi-parton interactions, and initial204

and final state radiation effects. HIJING uses the Dual Parton Model for soft interactions and205

the Lund string model for hadronization. The AMPT generator uses HIJING to generate the206

initial parton distributions in each event, which are then evolved through a parton cascade of207

2 → 2 elastic collisions, followed by hadronization using either the Lund string model or a208

8

◼︎Energy calibration 

◻︎EMCAL: 𝛑0→ɣɣ mass peak to match 

between data and simulation 

◻︎HCAL: compared measured MIP 
peak from cosmic ray muons in 
data to simulation

TO BE UPDATED
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◼︎Excellent consistency between EMCAL and HCAL 
measurements — sensitive to energy deposit from different 
particle species and completely independent calibrations 

◼︎sPHENIX results are compatible with PHENIX and STAR 
measurements

MEASUREMENT OF dET/dη IN Au+Au COLLISIONS
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Figure 4: Summary of dET/dη measurements in Au+Au collisions at →sNN = 200 GeV over the
pseudorapidity range |η| < 1.1. Different data series correspond to centrality selections within the
range 0–60% (labeled). The different panels show the results determined using the EMCal-only (left),
HCal-only (center), and the full calorimeter system (right). The vertical size of the boxes around each
point indicate the total systematic uncertainty, while the horizontal size indicates the η bin width.

5 Results280

Results for dET/dη are presented in Figure 4 as a function of η and for various centrality intervals281

within the range 0–60%. The dET/dη values have a strong dependence on centrality, varying by282

more than a factor of 10 between the most peripheral and most central events considered here. The283

measurements using each of the three methods (EMCal-only, HCal-only, and the full calorimeter284

system) are shown, and the results are compatible between them. No significant dependence285

on η is observed within the range |η| < 1.1. Additionally, the measurements at the same |η| are286

consistent for all methods and centralities, as expected for a symmetric collision system.287

In Figure 5, the EMCal-only and HCal-only dET/dη measurements in the most central 0–5%288

Au+Au events are overlaid to highlight their agreement as the EMCal and HCal are sensitive to289

the deposited energy from different particles and have independent calibration sequences. Fig 5290

includes a comparison to previous PHENIX [4] and STAR [5] results in this centrality interval.291

For comparison, the STAR results measured from 0 < η < 1 are symmetrized over range |η| < 1.292

Both the sPHENIX EMCal-only and HCal-only measurements are compatible with the previous293

measurements at RHIC performed using only electromagnetic calorimetry or a combination of294

tracks and electromagnetic calorimetry, while providing additional granularity in η. For this295

centrality range, the total uncertainties are comparable between the sPHENIX, PHENIX and STAR296

measurements. The uncertainties for the sPHENIX EMCal-only results are similar in magnitude297

to that for the previous PHENIX results, which also used only an EM calorimeter for the dET/dη298

measurement.299

Figure 6 shows the average dET/dη, normalized per participant pair as a function Npart, measured300
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Figure 6: Measured dET/dη normalized by the estimated number of participant pairs (0.5Npart),
as a function of Npart, using the full calorimeter system (red triangles). The vertical size of the
boxes indicates the total uncertainty, which includes the uncertainty in Npart. Measurements by
PHENIX [4] (blue band) and STAR [5] (gray band) are shown for comparison, with the vertical size
of the band indicating the uncertainty range. MC event generator predictions are shown for EPOS4
(solid black line), AMPT (dotted blue line), and HIJING (dashed green line).

previous measurements from PHENIX and STAR, with the present result providing additional318

granularity in η and improved uncertainties in peripheral events. The measurement is also used319

to benchmark the predictions for this observable in a number of MC event generators. This320

measurement demonstrates the performance of the different elements of the sPHENIX calorimeter321

system over a large dynamic range, and is a necessary step towards the envisioned physics322

program of calorimeter jet measurements performed with the detector.323

References324

[1] W. Busza, K. Rajagopal, and W. van der Schee. Heavy Ion Collisions: The Big Picture325

and the Big Questions. Annual Review of Nuclear and Particle Science, 68:339, 2018. doi:326

10.1146/annurev-nucl-101917-020852. 1327

[2] P. Romatschke and U. Romatschke. Relativistic fluid dynamics in and out of equilibrium328

– ten years of progress in theory and numerical simulations of nuclear collisions. 2017.329

arXiv:1712.05815. 1330

[3] K. Adcox et al. (PHENIX Collaboration). Measurement of the mid-rapidity transverse energy331

distribution from
→

sNN = 130 GeV Au+Au collisions at RHIC. Phys. Rev. Lett., 87:052301,332

2001. doi:10.1103/PhysRevLett.87.052301. 1333

13

TO BE UPDATED

Poster by Emma McLaughlin 
[Poster # 1062] 

https://indi.to/gQSMQ


Hao-Ren Jheng

◼︎Tracking-based standard candle measurement - Charged hadron multiplicity per 
unit pseudorapidity, dNch/dη, by the Intermediate Silicon Tracker, INTT 

◻︎Counting tracklets, cluster pairs that point back to the event vertex

MEASUREMENT OF dNch/dη IN Au+Au COLLISIONS
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◼︎Two analysis methods: 

◻︎The combinatoric method: 
closely follows the PHENIX and 
PHOBOS publications 

◻︎The closest-match method: 
adapted from the CMS 
measurements
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◼︎Full azimuthal coverage at mid-rapidity, advantageous over PHENIX and PHOBOS 

◼︎sPHENIX measurement are consistent with previous RHIC publications from 
PHOBOS, PHENIX, and BRAHMS

MEASUREMENT OF dNch/dη IN Au+Au COLLISIONS
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◼︎Bulk properties by all 3 groups of sPHENIX detector systems 

◻︎Tracking system: two-particle correlation, the charged-hadron multiplicity dNch/dη 

◻︎Calorimeter system: the azimuthal anisotropy of 𝛑0, the transverse energy dET/dη 

◻︎Global event characterization system: event plane determination 

◼︎Results from measurements of the azimuthal anisotropy of 𝛑0, the transverse 

energy dET/dη, and the charged-hadron multiplicity dNch/dη are consistent with 
previous RHIC measurements 

◻︎Provide strong foundation of the broad physics program of sPHENIX!

SUMMARY

17
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sPHENIX DETECTOR
● Tracking system — vertex, timing 

resolution, momentum measurement 
(MVTX, INTT, TPC, TPOT) 

● Calorimeter system — mid-rapidity 
full-azimuth coverage (EMCAL, iHCAL, 
oHCAL) 

● Global event characterization detector 
(MBD, sEPD, ZDC, SMD)
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◼︎Scalar product method  

◻︎ : the 2nd-order q-vector of a 𝛑0 candidate in an event 

with azimuthal angle  

◻︎ : the reference flow vector measured by 

the north and south arms of MBD, weighted by PMT charge 

◼︎  is then corrected for non-uniform acceptance using 
recentering and then flattening the associated event plane 

◻︎The event plane angle  as a diagnostic and quality assurance

v2{SP} = Re
⟨q2,jQN|S*

2 ⟩

QS
2QN*

2

q2,j = ei2ϕj

ϕj

Q2 =
1

∑k wk ∑
k

wkei2ϕk

Q2

Ψ2

MEASUREMENT OF 𝛑0 v2 IN Au+Au COLLISIONS
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MEASUREMENT OF 𝛑0 v2 IN Au+Au COLLISIONS
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◼︎The EMCAL-only and HCAL-only 
measurements in the most central 0-5% 
are overlaid to highlight their agreement 

◻︎Sensitive to deposited energy from 
different particle species and completely 
independent calibration procedures 

◼︎Compatible with PHENIX and STAR, 
where measurements were performed 
either only with the electromagnetic 
calorimetry or a combination of tracks 
and electromagnetic calorimetry

MEASUREMENT OF dET/dη IN Au+Au COLLISIONS
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Figure 5: Measurement of dET/dη in 0–5% central Au+Au events using only EMCal (red points)
and only HCal (blue points), as a function of η over the range |η| < 1.1. The vertical error bars show
the total systematic uncertainty. The measurements from PHENIX [4] (blue box) and STAR [5] (gray
box) in this centrality interval are shown for comparison, with the vertical and horizontal size of the
box indicating the total uncertainty and the measurement range in η, respectively.

using full sPHENIX calorimeter system. The →dET/dη↑/(0.5Npart) values gradually increase from301

approximately 2.5 to 3.5 GeV per participant pair over the reported Npart range. The results are302

compared to previous measurements by PHENIX [4] and STAR [5]. The sPHENIX measurement303

is compatible with these and features an improved precision in peripheral events. Figure 6 also304

includes comparisons to the dET/dη per participant pair in generator-level HIJING, EPOS4, and305

AMPT events (each without the applied reweighting used for analysis correction factors). Across306

the full Npart range, AMPT best describes both the overall magnitude and the dependence on Npart307

in the sPHENIX measurement.308

6 Summary309

This paper presents a measurement of the transverse energy per unit pseudorapidity (dET/dη)310

in Au+Au collisions at ↓sNN = 200 GeV performed with the sPHENIX calorimeter system over311

the range |η| < 1.1. This constitutes the first measurement of this observable performed with a312

hadronic calorimeter at RHIC. The measurement is first performed using only the EMCal and313

only the HCal, with good agreement between the two despite the different sensitivities and314

calibration procedures for these detector systems. The measurement is performed with the full315

calorimeter system, differentially in centrality over the range 0–60%, and is also reported in ratio316

to the estimated number of participant pairs. The sPHENIX measurement is compatible with317
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◼︎Dominant systematic uncertainty is the hadronic response — evaluated by 
comparing the agreement of the single hadron response between data and 
simulation in beam tests of prototypes of the sPHENIX calorimeter system 

◼︎Second largest uncertainty is the physics modeling — correction factors derived 
with HIJING and AMPT, and the η-dependent particle spectra measured by BRAHMS
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Uncertainty Source [%] EMCal-Only HCal-Only Full Calorimeter
Calibration 2.6 2.7 2.1
Hadronic response 4.1 6.6 4.7
Modeling 1.4–1.8 2.5–3.0 1.6–1.9
Zero suppression thres. 1.0–3.6 0.2–0.3 0.8–2.7
z-vertex resolution 0.3–0.4 0.1–0.2 0.2–0.3
Acceptance 0.2–0.4 0.2–0.4 0.1–0.3
Total 5.3–6.5 7.7–7.9 5.6–6.3

Table 2: Overview of major systematic uncertainties contributing to the measurement. The range of
magnitudes of uncertainties, in percent, are shown for each source (columns) for the measurements
using different calorimeter systems (rows), with the total uncertainty shown in the last column. The
ranges correspond to the typical variation of the magnitude over different η regions and for different
event centralities. Uncertainties on Npart depend only on centrality, range from 0.6–9.5%, and are
not listed here.

muon MIP distribution) measured in the EMCal (HCals) between simulation and data, including250

residual data-simulation differences, potential variations in the calibration in different regions of251

the detector, and statistical uncertainties on the tower-by-tower calibrations in data. The hadronic252

response uncertainty is evaluated by comparing the agreement of the single hadron response253

between data and simulation in beam tests of prototypes of the sPHENIX calorimeter system [25].254

This is the dominant uncertainty, reaching nearly 7% for the HCal-only measurement. To determine255

the hadronic response uncertainty for the EMCal-only and Full Calorimeter measurements, which256

are comprised of a combination of EM and hadronic energy, the hadronic response uncertainty was257

only applied to the fraction of hadronic energy included in each of the measurements determined258

from simulation using the same datasets used to determine the analysis correction factors.259

The sensitivity to the physics modeling is evaluated by deriving the correction factors using260

the reweighted HIJING or AMPT simulations rather than EPOS4, and by considering alternative261

η-dependent particle spectra as suggested by BRAHMS data [34, 35]. This is the second-largest262

uncertainty source for the HCal-only measurement. The uncertainty from the reconstruction of263

calorimeter towers consistent with noise is evaluated by varying the zero-suppression threshold264

applied offline and instead performing the full waveform-template fit for these low-energy towers.265

This uncertainty is most significant for the EMCal in peripheral events, where the fraction of266

calorimeter towers with real energy deposits is much lower than that in central events. The impact267

from the finite z-vertex position resolution is conservatively estimated by artificially shifting the268

reconstructed z-vertex position by ±3 cm. Finally, an uncertainty related to the stability of the269

detector acceptance and local conditions over time is evaluated by repeating the analysis for270

different recorded Au+Au runs. These last two effects (z-vertex resolution and acceptance) are271

sub-dominant compared to the other sources.272

Uncertainties on the extracted
〈

Npart
〉

values were evaluated using a standard set of variations273

in the MC Glauber modeling and centrality determination. These include varying the nucleon–274

nucleon cross-section and other geometric parameters in the Glauber model and varying centile275

cuts according to the uncertainty in the total efficiency. The dominant source of uncertainty276

for the
〈

Npart
〉

values was the MB trigger inefficiency. For the centrality intervals used in this277

measurement, the uncertainties ranged from 0.6% in 0–5% events to 9.5% in 50–60% events. The278 〈
Npart

〉
uncertainties only contribute to the measurement of dET/dη/(0.5Npart).279
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◼︎Results from two analysis methods are 
consistent with each other,  

◻︎Statistically combined, closely following 
procedures in PDG and the CMS publication, 
specifically to account for the dominant 
correlated uncertainty 

◼︎dNch/dη at mid-rapidity, , for the 
sPHENIX measurement is consistent with 
all previous RHIC results from PHOBOS, 
PHENIX, and BRAHMS across all centrality 
intervals

|η | < 0.3
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◼︎Dominant systematic uncertainty is the INTT cluster ADC selection — difference between 
the two methods because their differing sensitivities to combinatorial backgrounds 

◼︎Combination strategy separates the correlated and uncorrelated uncertainties. The 
weighted averaged of dNch/dη based on the uncorrelated uncertainties

MEASUREMENT OF dNch/dη IN Au+Au COLLISIONS

25

sPHENIXsPHENIXsPHENIX

method, this effect is addressed through a correction factor, detailed in Section 4.3, that311

accounts for geometric discrepancies between data and simulation. Due to this correction312

factor, this systematic uncertainty is not separately evaluated in the closest-match method.313

• Uncertainties in Npart values are estimated by applying standard variations in the MC Glauber314

model and centrality determination, including the variation on the nucleon-nucleon cross-315

section, geometric parameters in the Glauber model, and the effect of the uncertainty in the316

event selection effciency to shift the events into other centrality intervals. For the centrality317

intervals used in this analysis, the uncertainties range from 0.6% for 0–3% central events to318

14.9% for 65–70% peripheral events.319

The uncertainty associated with the cluster ADC selection is the dominant source for both320

approaches. The approximately 3% difference between the two methods in this uncertainty arises321

from their differing sensitivities to combinatorial backgrounds. The combinatoric method, which322

reconstructs all possible cluster pairs, is more susceptible to these backgrounds, as changes in323

the number of available clusters have a greater impact on the number of reconstructed tracklets.324

In contrast, the closest-match method, which selects only the cluster pair with the smallest ∆R,325

is less affected by such variations. The same reasoning applies to the difference in uncertainty326

associated with the cluster φ-size criterion between the two approaches.327

Table 2: Systematic uncertainties from various sources are reported, with the range indicating
the minimum and maximum uncertainty magnitudes across all η bins and centrality intervals.
Additionally, the correlated and uncorrelated uncertainties of the weighted average result, as
detailed in Section 6, are provided.

Source The combinatoric method [%] The closest-match method [%]

Simulation statistics 0.1–0.6 0.2–0.9
Cluster ADC selection 3.8–8.8 2.8–5.4
Cluster φ-size selection < 0.1 < 0.2
Tracklet reconstruction criteria 0.7–1.2 < 1.7
Machine and detector stability < 1.0 0.1–1.6
Model dependence 0.5–5.7 1.6–3.8
Secondaries < 2.6 < 3.2
Detector misalignment 0.5–0.9 –

Total 4.1–10.3 3.5–6.9

Correlated uncertainty in the weighted average result 3.5%–7.9%
Uncorrelated uncertainty in the weighted average result < 0.9%
Total uncertainty in the weighted average result 3.5%–7.9%

6 Results328

Results from the combinatoric method and the closest-match method are statistically combined.329

Systematic uncertainties in the two methods are classified based on their correlation coefficients:330

those with a correlation coefficient greater than 0.1, such as uncertainties from simulation statistics,331

cluster ADC and φ-size selections, machine and detector stability, model dependence, and332

secondary contributions, are treated as fully correlated. In contrast, uncertainties with a correlation333

coefficient below 0.1, such as those arising from tracklet reconstruction criteria, are considered334

uncorrelated. The weighted average of the two approaches and the uncorrelated uncertainty on335
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