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BES-I -> BES-II and FXT
BES-I:

• Search for the QGP turn-off signatures

• Search for the first-order phase transition

• Search for the critical point

BES-II and fixed-target (FXT) program:

• Need higher statistics (≥10 times than in BES-I) for
precise measurements 

• Detector upgrades (increased acceptance and PID 
capabilities)

• Access to energies √sNN<7.7 GeV via FXT
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The STAR Experiment at RHIC

Gold target:

• 2 cm below nominal beam axis

• 2 m from center of STAR

• 250 µm foil
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Experimental Setup
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BES-I (years 2010, 2011, 2014)

Recent BES-II, FXT and 
200 GeV datasets
(years 2018-2021)



Searches for the First-order Phase Transition
• Softening of the EoS

• Could be observed in the dv1/dy slope

• Strong softening: consistent with the 
1st-order phase transition

• Weaker softening: likely due to crossover

• Time delays of the particle emission
• Could be observed using femtoscopy technique (via Rout/Rside or Rout

2-Rside
2)
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Rside – geometrical size
Rout – sensitive to geometrical size and particle 
emission duration
Rlong – sensitive to the time of maximum emission



Correlation Femtoscopy
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S. Pratt. PRD 33 (1986) 1314
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3 S(r, k) - source function

Ψ1,2(r, k) - wave function 

of a pair, includes

QS and FSI
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• Precise measurements in a broad energy range 
(from 2.41 GeV to 2.76 TeV)

• Can be reasonably described with hybrid models 
(initial conditions + hydrodynamics + hadron cascade)

• Need more high-statistics measurements at low 
energies

• Precise measurements exist only with pions
• Need heavier particles (kaons, protons, etc.)
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Charged Pion Femtoscopy in Heavy-ion Collisions
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Femtoscopy Results from the FXT Program

STAR. PRC 103, 034908(2021)

• Many interesting results from low-energy nuclear 
collisions: ππ, pp, pd, dd, and others

• Provide information about particle interactions
• The source shape evolves from oblate to prolate, as 

energy increases
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Femtoscopy in Small Collision Systems

• RHIC provides opportunity to study various colliding 
species, including p+p, p+Al, p+Au, d+Au, 3He+Au

• Unique opportunity to study collective behavior of 
particles produced in small collision systems via 
measurements of kT dependence of femtoscopic radius

• Similar to heavy ion collisions, femtoscopic radii 
measured in small systems decrease with increasing 
pair transverse momentum (kT)

Grigory Nigmatkulov. IV International Scientific Forum “Nuclear science and Technologies”



Global Polarization in BES and FXT 
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3 GeV at 20-50%

STAR, PRC104, L061901(2021)
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φ*
d - azimuthal angle of daughter particle in the parent frame

αH - hyperon decay parameter



Particle Production at 3 GeV

• Light nuclei pT and rapidity distributions have been studied
• Midrapidity blast-wave fits:

• Light nuclei prefer slightly higher Tkin, lower β
• Combined fit to all particles successful

Different trend as compared to higher √sNN - different EOS at 3 GeV?
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Strange particle ratios indicate the 
thermal particle phase space at low 
energies is far from the GCE limit and 
the local treatment of strangeness 
conservation is crucial

STAR, PLB831, 137152(2022)
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• BES-II detector upgrades performing at or above expectation

• All requested data collected, providing 17 unique energies from 3-200 GeV with some 
overlapping collider and FXT energies

• Precision analyses are ongoing with very well understood detector

• Exciting correlation femtoscopy program
• Measurement of the spatial and temporal properties of particle emission process as a function of 

collision energy

• Search for the first-order phase transition (identical pions, kaons and (anti)protons)

• Measurement of the final state interaction between particles (kaons, protons, light ions and others)

• Collectivity in small collision systems
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Summary
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