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BES-I -> BES-II

BES-I:
Hints that at low √sNN:

• QGP turns off

• Presence of critical point

• Ordered phase transition

BES-II:
• Need higher statistics

• Need to increase detector acceptance

• Need lower energies
• Fixed-target (FXT) program

• Electron cooling of beam
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The BES-II program was approved by BNL PAC to 
take place over the course of two (then three) 
RHIC running periods

Project listed as a top US NP priority in LRP 2015



The BES-II Upgrades
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The Fixed-target (FXT) Setup

Gold target:

• 2 cm below nominal beam axis

• 2 m from center of STAR

• 250 µm foil
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Slide Title
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Particle Identification 

Good particle identification in a broad momentum range using TPC and TOF
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Particle Production at 3 GeV

• Light nuclei pT and rapidity distributions have been extracted
• 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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STAR, arXiv:2108.00924

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

https://arxiv.org/abs/2108.00924


Directed and Elliptic Flow

• Light nucleus v1(pT) follows atomic-mass-number (A) 
scaling at different rapidity bins

• Particles and antiparticles are no longer consistent 
with the single-particle NCQ scaling due to the 
mixture of the transported and produced quarks
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STAR, arXiv:2108.00908

https://arxiv.org/abs/2108.00908


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



Hints of Critical Fluctuations
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Hints of Critical Fluctuations
• There isn’t yet any direct experimental evidence for the smooth cross 

over at μB~0 MeV

• C6/C2 < 0 is predicted as a signature of cross over transition

• High-statistics data sets at √sNN = 27, 54.4, and 200 GeV are analyzed 
to look for the experimental signature of cross over transition
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Suggestive of smooth cross over at top RHIC energies

arXiv: 2105.14698

https://arxiv.org/abs/2105.14698


Hypernuclei Lifetime

• Probe hyperon-nucleon interaction

• Data from √sNN = 3 GeV dataset
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Hypernuclei Yields
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Thermal (with canonical ensemble) and coalescence model calculations 
describe but not



Femtoscopic Probes

• Sensitivity to the energy 
dependence of the system 
dynamics

• Maximum in the Rout/Rside

excitation funtion may occur if 
system evolves through the 
1st-order phase transition

• Collective behaviour in small 
collision systems
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Ds produciton in Au+Au collisions at √sNN = 200 GeV

• Significant enhancement of Ds
±/D0

yield ratio as compared to PYTHIA 
and p+p at 5.02 TeV
• No strong centrality dependence

• Comparable to Pb+Pb at 5.02 TeV

• Models incorporating coalescence 
with enhanced strangeness 
production can qualitatively 
describe data
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STAR, PRL 127, 092301 (2021)



Search for the Chiral Magnetic Effect (CME)

• The chiral magnetic effect (CME) is predicted to occur as a consequence of a local 
violation of P and CP symmetries of the strong interaction amidst a strong electro-
magnetic field generated in relativistic heavy-ion collisions.

• Experimental manifestation of the CME involves a separation of positively and 
negatively charged hadrons along the direction of the magnetic field.

• Previous measurements of the CME-sensitive charge-separation observables remain 
inconclusive because of large background contributions.

• In order to better control the influence of signal and backgrounds, the STAR 
Collaboration performed a blind analysis of a large data sample of approximately 3.8 
billion isobar collisions of 96Ru+96Ru and 96Zr+96Zr at √sNN= 200 GeV.
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arXiv:2109.00131

https://arxiv.org/abs/2109.00131


Search for the CME (History)
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Search for the CME (Precision)
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Search for the CME (Centrality)

• The 3 sets of Woods-Saxon parameters from the literature have been studied
• Fit to the multiplicity distributions using the two-component nucleon-based Monte Carlo Glauber

• Best fit from Case-3: different neutron skin without quadrupole moments

• Result: difference in multiplicity at matching centrality
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arXiv:2109.00131

https://arxiv.org/abs/2109.00131


Search for the CME (Crosschecks)

Observed differences in the multiplicity and flow harmonics at the matching centrality 
suggest that the magnitude of the CME background is different between the two species
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arXiv:2109.00131

https://arxiv.org/abs/2109.00131


Search for the CME (Results)
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arXiv:2109.00131

https://arxiv.org/abs/2109.00131


Summary

Presence:

• BES-II upgrades performing at or above expectation

• Excellent performance from RHIC and STAR

• All requested BES-II 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 physics program

Future:

• Forward upgrade (silicon detectors + calorimetry)

• 2022-25: p+p, p+Au, Au+Au at 200 GeV and p+p at 510 GeV
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