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Explore QCD Phase Diagram at RHIC
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* Formation of QGP in high energy heavy ion collisions (Vs =200 GeV, g =25 MeV) / STAR: Phys. Rev. Lett. 128, 202303 (2022)
- Strangeness enhancement, flow NCQ scaling, Ry, R, etc. ~“" " Central Au + Au Collisions
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Strangeness as a Probe to Study the Nuclear Matter
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e Rich structure in these excitation functions

- Production mechanism is different at high and low
baryon density

pair production: gg — ss, qq — SS
hadronic interaction: BB — BYK, BB — BBKK
B:N,p, Aetc. Y:A,E etc. K:KY K"

- A/m peaks at sy ~ 8 GeV
Model: Baryon density maximal at \/SNN ~ 8 GeVIU]

=Scarce data at low energy, more data is needed!

= Connections to the softness of dense nuclear matter,
phase boundary, and onset of deconfinement

[1] J. Randrup, et al. Phys. Rev. C74, 047901 (2006) 4



STAR Detector and BES-11

nner upgrade . ° STAR BES_II ( \/SNN — 3_54.4 GeV)
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e 10X statistics compared to BES-I
* Detector upgrades: iTPC, eTOF
e FXT extends energy down to 3 GeV
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e New results from BES-II data at:

3.0, 3.2, 3.5, 3.9, 4.5 GeV
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Particle Acceptance
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* Particle rapidity coverage from beam rapidity to mid-rapidity
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Strangeness Reconstruction

STAR: Phys. Lett. B 831, 137152 (2022
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o Comprehensive strangeness (K™, KO, A, ¢, Z7) measurements at different energies from 3 to 4.5 GeV



Strangeness Reconstruction
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Strangeness Excitation Function

[ Au+Au collision
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Mid-rapidity Yield Ratio
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e Strange baryons, especially the double strangeness =, are sensitive probes

UrQMD: cascade mode, hard EOS to the medium pr()perties

[1] S. Chatterjee et al. Adv.High Energy Phys. 349013 (2015)



Mid-rapidity Yield Ratio

STAR: Phys. Lett. B 831, 137152 (2022)
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Centrality Dependence of 4 Yields - 3 GeV
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Centrality Dependence of Mid-rapidity Yields

STAR: Phys. Rev. C 102, 034909 (2020); HADES: Phys.Lett.B 793 (2019) 457-463
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Baryon-to-Meson Yield Ratio

STAR: Phys. Rev. C 102, 034909 (2020)
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1) At high energies (Vsyy = 7.7 GeV), A/ K(S) is enhanced in central collisions
* Parton recombination?

1] STAR: Phys. Rev. C 83, 24901 (2011)
2] ALICE: Phys. Lett. B 728 (2014) 25-38
] ALICE: Phys. Rev. C 99, 024906 (2019) 14
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Baryon-to-Meson Yield Ratio

STAR: Phys. Rev. C 102, 034909 (2020)
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1) At high energies (Vsyy = 7.7 GeV), A/ Kg is enhanced in central collisions
* Parton recombination?
2) A/ K(S) enhancement not observed at 3 GeV in the measured p+ range
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Baryon-to-Meson Yield Ratio
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1) A/ K(S) is enhanced in py [1.2, 1.4] GeV/c at 4.5 GeV, but not observed below 3.9 GeV
= Possible change of medium properties



Average Transverse Momentum - 3 GeV
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- Possibly due to smaller Y-N interaction than N-N 1nteraction?

2) Transport model (PHQMD) with baryon mean field offer
consistent (p> for p, A and =~

o (pp is sensitive to EOS

Stiff EOS implies a rapid increase 1n pressure with energy density, harder
EOS will lead to harder pt distribution, larger (py) [1]

[1] J Steinheimer, et al. Eur. Phys. J. C 82, 911 (2022)


https://link.aps.org/doi/10.1103/PhysRevC.101.044905

Average Transverse Momentum

e (M) — M, is an approximate representation of the temperature of the system!1]
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1) Below 11.5 GeV, A (m+) — m, tends to be smaller than proton, while they are compatible at 11.5 GeV or higher
» Difference between Y-N and N-N potentials playing a role below 11.5 GeV?

[1] L. Van Hove, Phys. Lett. B 118, 138 (1982)
STAR: Phys. Rev. C 102, 034909 (2020)
STAR: Phys. Rev. C 96, 044904 (2017)



Average Transverse Momentum

e (M) — M, is an approximate representation of the temperature of the system!1]
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1) Below 11.5 GeV, A (m+) — m, tends to be smaller than proton, while they are compatible at 11.5 GeV or higher
» Difference between Y-N and N-N potentials playing a role below 11.5 GeV?

2) Transport model (UrQMD) offers consistent (p> for A and =~ below 5 GeV, but fails at 7.7 GeV or higher

* Transition from a hadronic interaction dominated matter to matter dominated by quark degrees of freedom

somewhere between 4.5 and 7.7 GeV? [1] L. Van Hove, Phys. Lett. B 118, 138 (1982)
STAR: Phys. Rev. C 102, 034909 (2020)

(UrQMD) S. A. Bass, et al. Prog. Part. Nucl. Phys. 41 (1998) STAR: Phys. Rev. C 96, 044904 (2017)



Kinematic Freeze-out Properties

STAR: Phys. Rev. C 102, 034909 (2020); Phys. Rev. C 96, 044904 (2017); Phys. Rev. Lett. 108, 072301 (2012)

S 0.15
)
|\E
o 0.1
=
©
O
& 0.05
-
®
|_
0

~ Au+Au Collisions at RHIC

Peripheral Central

STAR Preliminary
w,K,p (7.7-200 GeV, STAR)

mPm AR K (3 GeV, BES-II)

1 1) Freeze-out parameters (T,. , (/7)) of p, A and
- K(s) at 3 GeV do not follow the same trend as

r, K, pat7.7-200 GeV

=(Change in medium properties (EOS) or
- expansion dynamics

Blast wave function fit

d*N K sinh p(r myp cosh p(r
_ =AJ e ¢ PESIRAC) L mapeoshp(r),
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1,;,: the kinetic freeze-out temperature

< ,BT> : average transverse radial flow velocity

n: the exponent of flow velocity profile, n=1
Iy and K, are from Bjorken Hydrodynamic assumption
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Kinematic Freeze-out Properties

STAR: Phys. Rev. C 102, 034909 (2020); Phys. Rev. C 96, 044904 (2017); Phys. Rev. Lett. 108, 072301 (2012)
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2) Transport model (UrQMD) predicts decreasing
Ty, from 7.7 — 3 GeV

o Different freeze-out parameters for p, A and Kg,
similar to 3 GeV data
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Summary

» Precision measurements of strangeness ( K™, KO, A, @ and =) production in 3 — 4.5 GeV AutAu collisions

1) Steeper centrality dependence of mid-rapidity yields (ag ) at 3 — 4.5 GeV than that at higher energies

2) Baryvon-to-meson ratio (A/ KOS) enhancement not observed at 3 — 3.5 GeV, but observed at 4.5 GeV or

higher energies

3) Canonical suppression of strangeness is observed at 3 GeV

4) Freeze-out parameters (T,;., (/1)) of p, A and K(S) at 3 GeV do not follow the same trend as 7, K, p
at 7.7 — 200 GeV

= Hadron dominated medium created in 3 GeV Au+Au collisions

= (nset of partonic degrees of freedom at ~ 3.9 GeV? Or are trends driven by
expansion dynamics?
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Future Strangeness Studies with CBM
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CBM Performance Study - Particle Identification with PID Detectors
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Yingjie Zhou (for the CBM collaboration)
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« PHQMD Au+Au at Vsyy = 3 GeV, b <15 fm, ~15 M events

 Transport to the CBM detector via GEANT3
 Transport — digitisation — reconstruction

 PID detectors of CBM will allow a clear identification of charged
tracks

 TOF (Time of Flight) — hadron identification

(PHQMD) J. Aichelin, et al. Phys. Rev. C 101, 044905 (2020)
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STS (Silicon Tracking System) — heavy fragments 1dentification by dE/dX
 TRD (Transition Radiation detector) — electron and heavy fragments
identification
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PHQMD, w/o momentum dependence
Hard: k=380 MeV

Blue open box: MC 1nput acceptance

CBM Performance Study - Strange Particle Reconstruction

PHQMD Au+Au 3 GeV

Filled box: Simulation reconstructed acceptance
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Particle Multiplicity | decay mode BR efficiency(4pi) | Signal counts per week
A 1.22 pr 63.9% 27 % 1.5e8
K2 0.54 atn” 69.2% 12 % 3.2e7
;5_ 6.5e-3 3/\71'_ 99 % 5% 3.5e7
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e Good low pt coverage, mid-rapidity coverage

 High statistics will be able to perform a comprehensive study of
strangeness and hypernuclei

* B.R. estimated from https://hypernuclei.kph.uni-mainz.de/
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Outlook: Year 1 — 3 Proposed Scenario as of September 2023

*To be confirmed
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C+C
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C+C

Agt+Ag
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618,10, max
4.6]18,10, max

Commissioning

30 (5 each) 2-1070 each EB mBias
2,4,6,8,10, max 18 (3 each) 4-1019 each mBias
3,4,8 12 (3 each) 2-10"11 each mBias
610, max 30 (5 each) 210" each mBias
2,4,6,8,10, max 18 (3 each) 4-10"" each mBias
3.4 8@ 12 (3 each) 2.10'2 each mBias
-8 10, max 12 (2 each) 4.-1011 each EB+ Selectors
2,4,6,8,10, max 6 (1 each) 8-10'" each
2,4 28 (14 each) 1019 each
2,4 8 (4 each) 2-1070 each mBias

I.Vassiliev, CBM collaboration meeting: GSI, Darmstadt, Germany, Mar. 2024 30
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Centrality Dependence of 4 Yields - 3 GeV
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1) Single strange hadron yields (K™, K2, A) follow common (Npart?

scaling, but =~ seems to deviate from the scaling trend (20
deviation from S=1)

Due to =~ Sub-threshold production?
— Multi-step collisions involving pions and Delta resonances — sensitive
to the baryon density, which depends on the EOSI!]

NN — E_K+K+N Sthresh.: 325 GeV
NN — KONA /S, . =2.56 GeV

2) p+p following the scaling trend
= Hadronic interactions drive the observed trends

3) PHQMD over-estimate strange hadron yields, but reproduce
the scaling trends

[1] T. Song, et al. Phys. Rev. C 103, 044901 (2021)
(p+p) V. Kolesnikov, et al. Phys. Part. Nuclei Lett. 17, (2020) 142—153
(PHQMD) J. Aichelin, et al. Phys. Rev. C 101, 044905 (2020)
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* Pion: evaluated from power function which fits to data Collected in Adv.High Energy Phys. 2015 (2015) 349013



