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Chemical and Kinetic Thermal Freeze-out

via hadron yields, ratios via hadron pT spectra
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Longitudinal and Transverse Expansion 
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HBT: Femto-scopic correlation (quantum interferometry, coulomb and final state interactions)  

Source radius : 
length of homogeneity 

Radial flow : 
1/mT dependence of R

Low pT

High pT



pT1

pT2

side view size
qT-side : RT-side

depth + time duration
qT-out : RT-out
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HBT 3D-radii

• Longitudinal (beam) Rlong
• Two Transverse Rside , Rout
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HBT Azimuthal
3D radii w.r.t. Fn

• Final Eccentricity
• Final Triangularity
• Freeze-out Shape
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HBT Azimuthal 3D radii 
w.r.t. F1 and h Dependence
• 3D-structure at Freeze-out
• geometrical Slope w.r.t. z-axis
• include multi-strange Baryon correlation 

for final state interaction with 3D-Geometry
• relation to v1 and global polarization p, p, d, L correlations in full 3D 
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Directed Flow Expansion v1
Medium Response to Pressure, EOS

positive v1 slope
negative v1 slope
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Directed Flow v1 Slope w.r.t. Rapidity (Collision Energy, Transverse Momentum, Particle ID)
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Mass Number Scaling in v1 Slope 
for Light and Hyper-Nuclei
(including pT and rapidity distributions)
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Charge Dependence of v1 Slope

• Particle ID, System Size Dependence
• Collision Energy, Centrality Dependence
• Possible relation with EM-fields 

20 times 
larger than 
200 GeV
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Vortical Fluid : Global Polarization via L, anti-L

2%
~30%

Small B-field

PH(f) = PH + P2y cos(2f)
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Longitudinal Polarization 
along the Beam Direction
caused by v2 and v3
Expansion
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Hadron

Elliptic Flow Expansion v2

• Number of Quark Scaling
• Partonic Degree of Freedom
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Test of Hadronic/Partonic Phase
Quark Number of Scaling in v2

• breaking at low or middle pT ? 

BES1, STAR

SQM24, STAR



Flow in small system (pp and pA at LHC/RHIC)
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mass
hydro

N quark
coalescence

mass
hydro

N quark
coalescence

arXiv: 2312.07464

shape or multiplicity
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Flow application for
Nuclear Structure Imaging
with v2-pT correlation

arXiv: 2401.06625
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v3 {F3}
and

v3 {F1}

v3{F3} vn {Fn}

v3 {F1}
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Rapidity (Eta)
Dependence of 
Yield and Flow
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RHIC-STAR
STAR 
(FXT)

FAIR-CBM (HADES)

HIAF-CEE

HIRFL-CSR-CEE

Centrality, RP(EP)
ZDC/EPD

RIKEN-RIBF
SAMURAI-SPIRIT

LHC-ALICE

FoCal

ALICE3 J-PARC-HI

Neutron Detector

Tsukuba Univ. Group Current Activities and Future Plans
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Summary and Outlook

• Thermal freeze-out and radial flow
• Source size/shape via femto-scopy
• Directed, elliptic and vortical flow
• Small system and higher order flow

(my own outlooks)
• correlation among flow, temperature and fluctuation
• from RHIC-STAR (FXT) to FAIR-CBM, HIAF-CEE (HIRFL-CSR)
• ZDC/EPD for Centrality and E.P. definition
• Neutron Detector R&D for CBM upgrade and J-PARC heavy-ion

for net-Baryon measurements 謝謝
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Partonic Degree of Freedom
Number of Quark Scaling in v2

Test of exotic state 
with v2 scaling
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From Squeeze-out to Elliptic Expansion 

SQM24, STAR
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Net-Proton or Excess-Proton v1 Slope 
as a Function of Collision Energy

CPOD24, STAR

Net-Proton

Excess-Proton



Flow Measurements at RHIC-BES, PHD2024, Wuhan, China, 3/Nov/2024 ShinIchi Esumi, Univ. of Tsukuba, TCHoU 25

Charge Dependence of v1 Slope (Collision Centrality, Energy Dependence)

pT, rapidity 
differential studies 


