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Why Measure Light Hadrons?

● Measure π±, K±, p, & p across pT and rapidity
– Kinetic & Chemical Freeze-out
– Baryon and Strangeness Chemical Potentials
– Associated Production of K+

– Baryon Stopping
– Collective Radial Flow with Blast-Wave Model 

● Beam Energy Scan II (BES-II)
– √sNN = 7.7, 9.2, 11.5, 14.6, 17.3,

          19.6, 27, 54.4 GeV
– BES-I Published Mid-Rapidity Measurements
– Where are we on the QCD phase diagram at kinetic  

& chemical freeze-out?
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Particle Identification in STAR

Barrel Time of Flight (BTOF)

Time Projection 

Chamber (TPC)

Solenoidal Tracker At RHIC (STAR)
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Yield Extraction
STAR Au+Au √sNN=19.6 GeV   0-5%

y=[-0.05,0.05] 
mT-mp=[0.2465,0.2559] GeV/c2 
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STAR Au+Au 
√sNN=19.6 GeV   0-5%

 y=[-0.05,0.05] 
mT-mp=[1.021,1.074] GeV/c2
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● Gaussian Fits 
of ln(dE/dx) 
from TPC

● Student-T 
Fits of m2 
from BTOF

TPC

BTOF
STAR Preliminary

0 - 5 %
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Corrections to the Spectra

Proton TPC Efficiency
STAR Au+Au √sNN=19.6 GeV   0-5%

y=[0.05,0.15] 

Proton Energy Loss Correction
STAR Au+Au √sNN=19.6 GeV   0-5%

y=[-0.05,0.05] 

● Feed-Down Decays
– 15% for protons at y = 0, √sNN = 19.6 GeV

● Acceptance & Efficiency
● Energy Loss

Proton Feed-Down Contributions
STAR Au+Au √sNN=19.6 GeV  0-5%

y=[-0.05,0.05] 
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Mid-Rapidity Yields at 54.4 GeV

● Centrality dependence of yields at y = [-0.1,0.1]

Work of 
Krishan Gopal 



7      Matthew Harasty       Quark Matter       Houston, TX       5 September 2023

Rapidity Dependent Spectra

STAR Preliminary
0 - 5 % STAR Preliminary

0 - 5 %
STAR Preliminary

0 - 5 %

– Wide Rapidity Coverage (BES-I reported mid-rapidity)
– Spectra fit at low pT to extract dN/dy 
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Pion Production
● Pair production of pions
● π- excess at low √sNN due to 

delta resonance 
– Neutron rich initial conditions

Mid-Rapidity 
Pion Ratio

STAR Preliminary
    This Work
    Reflected
    STAR, PRC 44904

STAR Preliminary
    This Work
    Reflected
    STAR, PRC 44904

0-5%

70-80%
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K+ and Associated Production
● Associated K+ production dominates over pair 

production at lower √sNN

Mid-Rapidity 
Kaon Ratio

– Indicates non-zero μS

– Strangeness distillation 

0-5%

70-80%

STAR Preliminary
    This Work
    Reflected
    STAR, PRC 44904

STAR Preliminary
    This Work
    Reflected
    STAR, PRC 44904

~40%
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Baryon Stopping 

● Participant protons slowed toward mid-rapidity
– Interactions with medium
– ybeam =  2.75 (14.6 GeV)   3.04 (19.6 GeV) 

● p/p ratio relates to baryon chemical potential 

Mid-Rapidity 
Proton Ratio

STAR Preliminary
    This Work
    Reflected
    STAR, PRC 44904

STAR Preliminary
    This Work
    Reflected
    STAR, PRC 44904

0-5%

70-80%
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Kinetic Freeze-out at 54.4 GeV

● Tkin and <β> show anti-correlated trend, 
similar to the other BES-I energies

Simultaneous Fit

(BES-II)

Work of 
Krishan Gopal 
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Chemical Freeze-Out at 27 GeV

● Fits by THERMUS 
– Chemical equilibrium model
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Chemical Freeze-Out at 27 GeV

● Fits by THERMUS 
– Chemical equilibrium model

● K+ associated production

● Differing Lambda and K+ 
dN/dy  → ΔμS ~ 10 MeV for 
Δy = 1
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Conclusions

● dN/dy of π±, K±, p, & p with pT spectra
– √sNN = 14.6, 19.6, 27, 54.4 (mid-rapidity) GeV

– Associated Production of K+

● 40% at √sNN = 14.6 GeV    →   15% at √sNN = 54.4 GeV

– Baryon and Strangeness Chemical Potentials (√sNN =27 GeV)
● ΔμB ~ 25 MeV for Δy = 1  (baryon stopping)
● ΔμS ~ 10 MeV for Δy = 1  (associated production)



Thank You!
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Negative 54.4 GeV Spectra
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14.6 GeV Pion dN/dy

STAR Preliminary
    This Work
    Reflected
    STAR, PRC 44904

STAR Preliminary
    This Work
    Reflected
    STAR, PRC 44904
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14.6 GeV Proton dN/dy

STAR Preliminary
    This Work
    Reflected

STAR Preliminary
    This Work
    Reflected
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19.6 GeV Kaon dN/dy

STAR Preliminary
    This Work
    Reflected
    STAR, PRC 44904

STAR Preliminary
    This Work
    Reflected
    STAR, PRC 44904
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