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Measurements on Proton and Light Nuclei Production in Au+Au
Collisions by RHIC-STAR in the High Baryon Density Region

Light nuclei, such as deuteron and triton, are loosely bound objects, and their yields are expected to be sensitive to baryon density fluctuations. They
may be used to probe the signature of a first-order phase transition and/or critical point in heavy-ion collisions. In this poster, we will present the
collision centrality and rapidity dependence of proton and light nuclei production in Au+Au collisions at 𝒔𝑵𝑵 = 3.0, 3.2, 3.5, 3.9 and 4.5 GeV recorded
by the STAR experiment in fixed-target mode. The transverse momentum (𝒑") spectra, coalescence parameters (B#), particle ratios, kinetic freeze-out
temperature (T$%&), and collective velocity (𝜷") will be shown and compared with results from collider energies.

Ø QCD Phase Transition
• High Temperature: QGP properties
• High Baryon Density: Critical Point and 1!"

order phase boundary

Ø Light Nuclei Production Mechanism
• Thermal[1] and Coalescence[2] approach

The Solenoidal Tracker At RHIC (STAR)
Ø BES-II detector upgrade
• iTPC

cover full area,  -1.5 < h < 1.5 
better dE/dx,  pT > 60 MeV/c.

• eTOF
at the east end of STAR,
-2< h <-1

• EPD 2.3<h<5.0

Light Nuclei 𝒑& spectra, dN/dy & < 𝒑𝑻 >
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Ø Light nuclei 𝑝# spectra in 0-10% centrality  for each 
rapidity.

Ø Light nuclei dN/dy and < 𝒑𝑻 > distribution in 0-10% 
centrality with energy and mass.

Coalescence parameters B𝑨 & particle ratio 

2 3 4 5 10 20 30 100 200
 (GeV)NNsCollision Energy 

12−10

10−10

8−10

6−10

4−10

2−10

A-
1

)3
/c2

 (G
eV

AB

    40

EOS Au+Au
NA44 Pb+Pb
STAR Au+Au
STAR(t) Au+Au

E878 Au+Au
E864 Au+Pb
E866 Au+Au
E877 Au+Au
PHENIX Au+Au

STAR Au+Au 3.0~4.5 GeV
(d)2 B (t)3 B He)3(3 B He)4(4 B

Central collisions

deuteron

He(triton)3

He4

Ø As the energy increases, 𝑩𝑨 becomes smaller, reflecting that the 
effective volume of the system[4] is larger.

Ø For d/p and t/p, thermal model[5] overestimate no matter the 
nuclei will excited or not. For 𝟒He/p, stable nuclei in thermal is 
consistent with the experiment data. 

Kinetic Freeze-out Dynamics
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Au + Au Collisions at Mid-rapidity

Ø The freeze-out temperature 
𝑻𝒌𝒊𝒏 and average radial 
flow velocity < 𝜷𝑻> show a 
monotonically trend from 
central to peripheral 
collisions.

Ø In the fixed-target energy 
region, proton is different 
from that at high energy, 
which implies a different 
equation of state.

Ø We report light nuclei production with rapidity and energy dependence in Au + Au 
collisions at  𝒔𝑵𝑵 = 3.0 - 4.5 GeV by STAR experiment.

Ø Present the particle ratio and 𝑩𝑨 with energy dependence, and compare with thermal 
model, which overestimate d/p and t/p, but consist with 𝟒He/p by stable nuclei .

Ø Calculate the freeze-out temperature 𝑻𝒌𝒊𝒏 and average radial flow velocity < 𝜷𝑻> , the 
kinematic dynamics difference indicated that EoS of the hot and dense medium in the 
low energy collisions seems different from that of high energy collisions.
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