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Motivation— QCD Phase Diagram
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Motivation
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O Radial flow fluctuations originate from its size fluctuations. | ATLAS Phys. Rev. Lett, 136. 032301 (2026)
Sensitive to QGP transport properties STAR provides: ALICE Phys. Rev. Lett. 136, 032302 (2026)
O Anisotropic flow: sensitive to shear (1)/s) and bulk ({/s) viscosities. ® Different collision system
O Radial flow: more sensitive to bulk ({/s) viscosities. € More particle species

O Both are sensitive to Equation-of-State. € Energy dependence




STAR Detectors

O Track Projection Chamber (TPC):
@ Particle identification - Ionization energy loss
(dE/dx)
€ Momenta measurement p € (0.1,30) GeV/c

O Time Of Flight (TOF):
€ Time of flight
& Particle identification

€ Improves capability of PID
€ Extends 1 coverage from 1.0 to 1.5

- Larger acceptance
- Excellent PID with uniform ~  completed

efficiency All are in data-taking for BES-II
- Modest rates N program




Observable vy (pr)-Definition

O Correlations between the E-by-E local pr-differential yield n(pr) I sn(pr) dlpr] < 0
and the E-by-E global mean transverse momentum|pr]. & o
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0p,.- standard deviation of the event-wise mean pr.

Phys. Lett. B 857, 138985(2024)

Average radial flow

én(pr) é[pr] >0

Larger
radial flow

Smaller
radial flow

ATLAS Phys. Rev. Lett. 136, 032301 (2026)

Zero-crossing point pr = ([pr])

O Larger radial flow(5[p;] > 0 )=>Flatter distribution of n(pt)=>Higher [pr]

O Smaller radial flow(S[pr] < 0)=>Steeper distribution of n(pr)—=2>lower [pr]

=)

positive covariance ((5ny(pr)d[prlg) > 0) at pr = ([pr]).
negative covariance ({on,(pr)d[prlg) < 0) at pr < ([prl).




Particle Identification and Reconstruction
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O Good capability of particle identification (PID)

Side-band used to estimate the BG v,
based on TPC and TOF

O Extend the phase space coverage by TOF O Estimate of background contribution on vy:
use side-band to estimate the BG contribution

O Decayed particles are reconstructed on the signal peak range.

by KF(Kalman Filter) particle package B

S+B

S
S+B — S B
. . vy " (pr) = vo(Pr) +vg(pr)
A. Banerjee, I. Kisel and M. Zyzak, Int. J. Mod. Phys. A 35, 2043003 (2020) S+B
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Observable vy(pr) & vy(pr)/vy
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O Strong centrality-dependence:

size-driven radial flow fluctuations O Factorization vo(pr)/ v:

O Zero crossing point(set by ([pr]) by definition). No centrality dependence at low pr (hydrodynamic response)



Observable v,(py)
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O Long-range behavior:

Vo(pr) weakly depends 77444
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O Zero crossing point:
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vo(pt) crosses zero at pr = {[pr]) of the particle spectra.
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O Mass ordering observed at low p (< 2.5 GeV/c). where hadrons of different masses respond
differently to the same collective radial velocity filed.

O Baryon-meson splitting between baryons (A, £) and mesons (K¢) at 200 GeV.



NCQ scaling test
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O NCQ scaling: better in more central collisions
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Model Comparison
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O v,(pr)/vy cancels the impact from initial state.
O p;/([pr]) reduces the momentum-scale difference.
O Kaon and KJ: shows unique sensitivity to bulk

viscosity.



Energy Dependence
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o

ﬁ.
A
2 =

O As the collision energy increases , the systems develop larger

hydrodynamic radial flow(higher ([pr])) and the zero-crossing

point of vo(pr ) shifts to higher pt values.




Summary and Outlook

Summary :
O First measurements of py -differential radial flow fluctuations observable v, (pT) at RHIC.

O Properties of vy (pr)

€ Long-range global correlation

€ Mass ordering observed at low pr .
€ Better NCQ scaling in central collisions
€ Weak energy dependence.

O Model comparison

€ Radial flow is sensitive to bulk ({/s) viscosities.

Outlook :
O Scanning the energy of BES II

O Studying more collision systems




Thank you for your attention!
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