
Collective properties of the nuclear matter from the 
STAR experiment at RHIC

Vipul Bairathi (for the STAR Collaboration) 
Instituto de Alta Investigación, Universidad de Tarapacá, Arica, Chile

Supported in part by the

Sfantu Gheorghe, Romania 
September, 2–5, 2024 



Vipul Bairathi

Outline

2NTHEP 2024



Vipul Bairathi

STAR experiment at RHIC
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Beam energies and colliding systems at STAR

https://www.agsrhichome.bnl.gov/RHIC/Runs/
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STAR Fixed Target (FXT) Setup
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M. S. Abdallah et al. (STAR Collaboration), Phys. Rev. C 103, 034908  (2021)

3.85 3.0 (FXT) 721 13.7 days (1.7 B) Run-21
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Exploring phase structure of QCD matter

STAR White Paper II 
https://drupal.star.bnl.gov/STAR/starnotes/public/sn0598
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Collective Flow
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Directed flow

x

y Elliptic flow
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y Triangular flow

● Sensitive to initial conditions, equation of state, transport properties (η/s) of system, 
and initial state fluctuations

● Probe for the particle production mechanism (e.g. quark coalescence)
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Directed flow at high μB
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M. S. Abdallah et al. (STAR Collaboration) Phys. Lett. B 827, 137003 (2022)
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Directed flow at high μB
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Elliptic flow and partonic collectivity
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Onset of partonic collectivity
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Triangular flow (v3)

12NTHEP 2024



Vipul Bairathi

Triangular flow (v3)
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Light and Hyper nuclei v1 at high μB

14NTHEP 2024

[1] M. S. Abdallah et al. (STAR Collaboration) Phys. Lett. B 827, 137003 (2022) [2] B. E. Aboona et al., (STAR Collaboration), Phys. Rev. Lett. 130, 211301 (2023)
[3] Yasushi Nara, Akira Ohnishi. Phys. Rev. C 105, 014911 (2022)



Vipul Bairathi

Light nuclei collectivity
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Nuclear size and deformation
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Nuclear size and deformation
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Nuclear size and deformation

18NTHEP 2024



Vipul Bairathi

Directed flow and EM-field effects
Quarks experience forces in the medium due to:
• Hall Effect: � = q(�✕�) 

• Coulomb Effect (� generated by spectators) and 
• Faraday Induction (� generated by decreasing magnetic field)

[1] U. Gursoy el. al. Phys. Rev. C 98, 055201 (2018); Phys. Rev. C 89, 054905 (2014)

• Theory predict positive Δdv1/dy from transported quarks and 
negative Δdv1/dy from electromagnetic fields in QGP
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Directed flow and EM-field effects
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Summary & Outlook

21NTHEP 2024



Vipul Bairathi

Thank you for your attention!
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Backup
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Ellitpic flow v2 at high μB 
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Light nuclei flow
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NCQ scaling in isobar collisions

nq = Number of constituent quarks (3 for baryons and 2 for mesons);  Transverse kinetic energy (KET) = mT – m0

• NCQ scaling hold good to ±10% within uncertainties in both Ru+Ru and Zr+Zr collisions at √sNN = 200 GeV.
• Elliptic flow (v2) scaled by number of constituent quarks falling on a universal curve, indicating partonic collectivity.  
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