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First collisions

June 12, 2000 
Approx.  9:00 pm EDT

The white paper era The beam energy scan era

2010: BES-I

t = 0
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Pre-history
Baym, 1983
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Pre-history Approved in ‘91
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Pre-history
AuAu Collisions `00
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Pre-history
AuAu Collisions `00

Rajagopal and Wilczek, `01

Rajagopal, K., & Wilczek, F. (2001). The condensed matter physics of QCD. In 
At The Frontier of Particle Physics: Handbook of QCD (In 3 Volumes) (pp. 
2061-2151).
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First observables and the white paper

First collisions

June 12, 2000 
Approx.  9:00 pm EDT 2010: BES-I
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2010: BES-I

‘01: First paper

t = 0

‘02: R
AA
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2010: BES-I

‘01: First paper

t = 0

‘02: R
AA

‘03: Away side jet 
‘04: NCQ scaling

‘05: W
hite 
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Formation of a strongly interacting QGP at μB ≈ 0
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2010: BES-I

‘01: First paper

t = 0

‘02: R
AA

‘03: Away side jet 
‘04: NCQ scaling

‘05: W
hite 

paper

μB

T

Nuclei

~ 1 GeV

155 MeV

?

?

?

?

• The first 5 years: 

• Established canonical QGP 
observables


• Characterized the nature of the 
system produced at top RHIC 
energies


• Community consensus of a QGP 
formation


• Established chemical freezeout 
point*
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2010: BES-I

‘01: First paper

t = 0

‘02: R
AA

‘03: Away side jet 
‘04: NCQ scaling

‘05: W
hite 

paper

(45, 175) Chemical 
Freezeout*

*Braun-Munzinger, P., et al. "Hadron production in Au–Au collisions at RHIC." 
Physics Letters B 518.1-2 (2001): 41-46

sNN = 200 GeV

QGP

μB

T

Nuclei

~ 1 GeV

155 MeV

• The first 5 years: 
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2010: BES-I
t = 0
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paper

‘07: 62.4 GeV

‘01: First paper
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QGP

μB

T

Nuclei

~ 1 GeV

155 MeV

Hadron gas

Pushing to higher μB →
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The beam energy scans

2010: BES-I
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2010: BES-I

• Now that there was consensus on the existence of the QGP: 

• At what temperatures and densities does it form?


• What is the nature of the phase transition between QGP and hadron gas?


• If it is first order, where is the critical point?


• Can we build an empirical map of the QCD phase diagram?


• These questions can be answered with beam-energy scans
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2010

• BES-I: 

• QGP signatures exist down 
to 7.7 GeV

Adamczyk, L., et al. "Elliptic flow of identified hadrons in Au+ Au collisions at s NN= 7.7–62.4 GeV." 
Physical Review C—Nuclear Physics 88.1 (2013): 014902.

QGP

μB

T

Nuclei

~ 1 GeV

155 MeV

Hadron gas

BES-I

2014
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• BES-I: 

• Established a chemical 
freezeout line

QGP

T

Nuclei

~ 1 GeV

155 MeV

Hadron gas

Chemical Freeze out

STAR Collaboration (2017). Bulk properties of the medium produced in relativistic heavy-ion 
collisions from the beam energy scan program. Physical Review C, 96(4), 044904)

μB

BES-I

2010 2014
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• BES-I: 

• Established a kinetic 
freezeout line

QGP

T

Nuclei

~ 1 GeV

155 MeV

Hadron gas

Chemical Freeze out

STAR Collaboration (2017). Bulk properties of the 
medium produced in relativistic heavy-ion collisions 
from the beam energy scan program. Physical Review 
C, 96(4), 044904)

Kinetic Freeze out

μB

BES-I

2010

sNN = 7.7 GeV

2014
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20182010 2025
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20182010 2025

Constraining the 
evolution of the system
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BES-II

20182010 2021

η = 0.88η = 1.50

η = 1.55η = 2.17

bTOF

bTOF

iTPC upgrade 
TPC

eT
OF

eT
OF

Collider FXT 
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BES-II

2018

• Hot topics (so far) from BES-II: 

• Critical point search in FXT 
and collider modes


• Pinning down the onset of 
NCQ scaling

2010 2021
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• Hot topics (so far) from BES-II: 

• Critical point search in FXT 
and collider


• Pinning down the onset of 
NCQ scaling

BES-II

S.R Sharma, Quark Matter 2025 
https://indico.cern.ch/event/1334113/contributions/6369544/
attachments/3048394/5386954/Sharang_Quark_Matter_2025.pdf

20182010
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• Scientific potential in BES-II 

• Extensive comparisons with AGS and SPS


• Extend kinetic and chemical freeze out lines


• Definitive onset of deconfinement


• First order phase transition


• Critical point

BES-II

20182010
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2000

• Mostly qualitative theoretical 
predictions

Rajagopal, K., & Wilczek, F. (2001). The condensed matter physics of QCD. In 
At The Frontier of Particle Physics: Handbook of QCD (In 3 Volumes) (pp. 
2061-2151).
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μB

T

Nuclei

~ 1 GeV

155 MeV

(45, 175) Chemical 
Freezeout

sNN = 200 GeV

QGP• First experimental probes 
of the phase diagram at 
RHIC energies 

• Canonical QGP probes 
established 

2005
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BES-I

QGP

Hadron Gas

BES-II
Chemical Freezeout

Kinetic Freezeout

• No longer a cartoon 

• Freeze-out lines 
established 

• QGP signatures existing to 
larger μB
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Today

• Temperature over system 
evolution 

• Will we see a critical point? 

• Onset of deconfinement?

QGP

Hadron Gas

BES-II

Chemical Freezeout

Kinetic Freezeout
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Today

• Temperature over system 
evolution 

• Will we see a critical point? 

• Onset of deconfinement?

QGP

Hadron Gas

BES-II

All crossover?
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Today

• Temperature over system 
evolution 

• Will we see a critical point? 

• Onset of deconfinement?

QGP

Hadron Gas

BES-II

Critical point?
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Thank you


