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Pre-SQM 2026 Discussions

Higher order fluctuations 
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C3 = < δn3 >

C1 = < n >

C4 = < δn4 > − 3 < δn2 >

*δn = n − < n >

C2 = < δn2 >

n = net-proton/proton multiplicity in an event๏Cumulants:

๏Factorial cumulants (irreducible correlation function): 
κ1 = C1
κ2 = − C1 + C2

κ3 = 2C1 − 3C2 + C3
κ4 = − 6C1 + 11C2 − 6C3 + C4

Skewness: Asymmetry

Kurtosis: Peakedness

Observables: 
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Energy dependence of Proton Fluctuations

Deviation between data and non-CP models seen in low collisions energies.  
   -  Change of trends in  and  around  10 GeV.  An opposite trend seen for . 

   -  A dip in  (0-5%) at ~ 20 GeV compared to models. 
All non-CP models (HRG, UrQMD, Hydro) are monotonic, do not capture the full energy 
dependence trends.  

C2/⟨p + p̄⟩ κ2/κ1 sNN ∼ κ3/κ1

C4/C2

STAR: PRL 135, 142301 (2025)
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Deviations from Non-CP Baselines
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Minimum in C4/C2 w.r.t. non-CP  
models at 2-5  level ~ 20 GeV 
- aligns with the feature of the  
proposed CP signal.  

Similar trend seen in / , albeit  
within uncertainties.  

Deviation also seen for other lower  
order ratios around similar collision 
energy range. 

Dynamic models with a CP 
necessary for quantitive assessment  
of data. 

σ

κ4 κ1

STAR: PRL 135, 142301 (2025)
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Energy dependence of Proton Fluctuations: FXT

Energy dependence: STAR FXT results at  = 3.2, 3.5, 3.9 GeV 

Change in trends in lower order ratios 

Kurtosis consistent with hadronic baseline UrQMD

sNN

Z. Sweger (QM 2025)
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Data from STAR FXT Collisions: C4/C2

STAR FXT results at  = 3.2, 3.5, 3.9  
GeV consistent with hadronic baseline 
UrQMD

sNN

Search for a maximum in data relative 
to non-CP baseline at  < 7 GeV. sNN

Analysis at  = 4.5 ongoing.sNN

Z. Sweger (STAR): QM25 talk



7

Deviations from Non-CP Baselines: C4/C2

STAR FXT results at  = 3.2, 3.5, 3.9  
GeV consistent with hadronic baseline 
UrQMD

sNN

Search for a maximum in data relative 
to non-CP baseline at  < 7 GeV. sNN

Analysis at  = 4.5 ongoing.sNN
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Onset of Deconfinement:

 measurements at FXT energies indicates restoration of ncq scaling at  ~ 4.5 GeV - possible 
formation of QGP.  
 

v2 sNN

STAR: PRL 135, 72301 (2025)
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Rapidity Dependence:

Rapidity dependence studies at collider energies yield smaller exponents than power law trend 
expected for long-range correlation, such as a CP.  

 
Finite size scaling studies done with 2nd-order cumulant data (as done by Sorensens), yield a 
critical region of 550-650 MeV (~  = 4.5 GeV). 

κn/κ1 ∼ (Δy)n−1

μB ∼ sNN

Y. Huang (STAR): QM25 talk

A.Sorensen and P.Sorensen: arXiv:2405.10278

B. Ling, M. Stephanov Phys. Rev. C 93, 034915
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OUTLOOK:

8

Following the procedure outlined in Ref. [51], the single384

collision moments can be recursively expressed in terms385

of the measured moments of lower multiplicity bins as386

hNr
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, (13)387
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The correction requires both ↵m and wi,j to be de-
termined with a high level of precision. Both parameters
can be expressed in terms of the multiplicity of the single
collision events T (m) as

wi,j =
↵T (i)T (j)P

i,j �m,i+j↵T (i)T (j)
, (16)

↵m =
↵
P

i,j �m,i+jT (i)T (j)

(1� ↵)T (m) + ↵
P

i,j �m,i+jT (i)T (j)
, (17)

where ↵ is the total pileup fraction overall reference mul-390

tiplicities. Therefore, the accuracy of ↵m and wi,j is de-391

termined by one’s ability to extract the single collision392

distribution from the measured reference multiplicity.393

For this analysis, an unfolding technique [53] is used394

to estimate T (m). An overview of the unfolding proce-395

dure and a closure test of simulated events can be found396

in Ref. [52]. The unfolding is performed by generating397

both a pileup distribution and single collision distribu-398

tion from Monte-Carlo (toy-MC) events. The di↵erence399

between the toy-MC (single + pileup) distribution and400

the data multiplicity distribution is measured and prop-401

agated back to the toy-MC single collisions. The process402

is repeated until the toy-MC and data agree. The bottom403

panel of Fig. 1 shows the ratio of the data and toy-MC404

after 100 iterations. In the top panel of Fig. 1, the single405

collision and pileup distributions are represented by blue406

and green dashed lines, respectively. The procedure has407

one free parameter, which is the total pileup probability408

↵ in Eq. 15. The procedure is run for various ↵ param-409

eters and a �2 test is performed. The pileup probability410

↵ is determined to be (0.46 ± 0.09)% for all events and411

(2.10 ± 0.40)% in the 0–5% centrality class. With the412

unfolded single collision distribution and the ↵ parame-413

ter, the response matrix wi,j can be simulated as shown414

in Fig. 5. As stated, wi,j is the probability to observe a415

sub-pileup event at multiplicity m with m = i + j. The416

pileup corrected cumulants are shown in Fig. 6. Addi-417

tionally, the event-averaged pileup corrected (red) and418

uncorrected (blue) cumulants are displayed. For all cu-419

mulants, only results from the top centrality class (0-420

5%) are a↵ected. Figure 7 are the pileup corrected and421

uncorrected cumulant ratios. Similar to the cumulants,422

the cumulant ratios are only a↵ected in the most central423

collisions. Pileup correction will increase uncertainties424

in the high multiplicity region, especially for reference425

multiplicity larger than 60. After the pileup correction,426

higher-order cumulant ratios, C4/C2, C5/C1 and C6/C2,427

are consistent with zero within uncertainty for the most428

central multiplicity bins.429

G. E↵ects of volume fluctuation430
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Number of Participating Nucleons N Reference Multiplicity

(a) (b)UrQMD Au+Au
 = 3 GeVNNs

FIG. 8. (a): Correlation distribution of Npart vs. reference
multiplicity from UrQMD model. Vertical and horizontal
dashed lines indicate the 0-5% central collisions selected by
Npart and reference multiplicity, respectively. (b): Npart root-
mean-square (RMS) distribution as a function of the reference
multiplicity. The vertical lines indicate the average reference
multiplicity for each centrality class.

Physics results will be discussed as a function of a given431

event centrality class. Since the physics of higher-order432

cumulants and their ratios are supposed to be sensitive433

to collision dynamics including the centrality, it is im-434

portant to understand the correlation between the ex-435

perimentally measured reference multiplicity distribution436

and the extracted class of collision centrality. It is well-437

known that quantum fluctuations in particle production438

and fluctuation of the participating nucleon pairs will af-439

fect the final centrality determination, especially at low-440

energy collisions. The microscopic hadronic transport441

model UrQMD (v3.4) [54, 55], which does not contain442

critical phenomena physics, has been used to show the443

volume fluctuation e↵ect. As an illustration, the UrQMD444

model results on the correlation of the reference multi-445

plicity and participating nucleons Npart is shown in the446

left panel of Fig. 8. The right panel shows the root-mean-447

square (RMS) values of the Npart distribution at a given448

fixed reference multiplicity.449

As one can see, the correlation is broad and the disper-450

sion (RMS) of Npart is as large as 30 in the mid-central451

-Understanding trend at  = 4.5 GeV crucial. Analysis ongoing with 2020 dataset (19million events)  
High statistic data taken this year: FXT data at 4.5 GeV (~1B), 4.2 GeV(290M), 5.2 GeV (~370 M)
-Understanding initial volume fluctuation effect at FXT energy important, new method currently being 
tested  

sNN

sNN =
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Summary:

Precision measurements of proton and net-proton fluctuations from  = 3 - 27 GeV (BES-II).  
Large improvements seen in centrality resolution; PID; rapidity coverage; higher statistics. 

C4/C2 data shows show a minimum in energy dependence at 19.6 GeV compared to all 
considered non-CP references, especially with the peripheral data and UrQMD calculations. 

FXT data is being analyzed with a new method to suppress volume fluctuations. 

STAR collected high statistic data at  = 4.2, 4.5, 5.2 GeV. Very important for CP search.

sNN

sNN
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Backup:
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A.Sorensen and P.Sorensen: arXiv:2405.10278


