
X collaboration meeting MPD experiment

Identified particle production at BES STAR

Alexey Aparin Joint Institute for Nuclear Research



X MPD collaboration meeting, 8-10 November 2022, Dubna 2

HIC facilities and experiments  
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Beam Energy Scan to map the QCD phase diagram

Two stages of Beam Energy Scan:
Stage I: 7.7 – 39 GeV 2010 – 2014
First glance on low energy region, rather low statistics

Stage II: 3 – 27 GeV 2018 – 2021
Precise measurements at low energies, sufficient statistics
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Strange particle production at BES-I

Phys. Rev. C 102 (2020) 34909
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Strange particle production at BES-I
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Strange particle production at BES-I
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Grand Canonical Ensemble – B, Q and S are conserved at average
Canonical Ensemble – exact conservation of B, Q and S 
Strangeness Canonical Ensemble – exact conservation of S

Thermal model predictions comparison
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Blast-wave fits for particle spectra
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Collectivity and temperature of the medium

Phys. Rev. C 96 (2017) 44904
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Nuclear modification in the medium
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• Tracking and PID (full 2π)
TPC: |η| < 1
iTPC (2019+): |η| < 1.5
TOF: |η| < 1
eTOF (2019+): -1.6 < η < -1
BEMC: |η| < 1
EEMC: 1 < η < 2
HFT (2014-2016): |η| < 1
MTD (2014+): |η| < 0.5

• MB trigger and event
plane reconstruction
BBC (before 2018): 3.3 < |η| < 5 
EPD (2018+): 2.1 < |η| < 5.1
FMS (before 2017): 2.5 < |η| < 4
VPD: 4.2 < |η| < 5
ZDC: 6.5 < |η| < 7.5

• Future upgrades (2022+)
FCS: 2.5 < |η| < 4
FTS: 2.5 < |η| < 4
ECAL & HCAL: 2.5 < |η| < 4

STAR detector upgrades 
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STAR event with new sub-detectors
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TPC coverage at FXT energies
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Only ~ 15% of full statistics analyzed (300M)

Particle identification at 3 GeV
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Nature 548 (2017) 62,
PRC 104 (2021) 061901,
arXiv: 2204.02302

Global polarization measurements

Global hyperon polarizationovera large range of 
collision energywas recently measured and 
successfully reproduced by hydrodynamic and 
transport models with intense fluid vorticity of 
the QGP

The observation of substantial polarization in 
these collisions may require a reexamination of 
the viscosity of any fluid created in the collision, 
of the thermalization timescale of rotational 
modes, and of hadronic mechanisms to produce 
global polarization.
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Elliptic flow is negative (squeeze-out) at 3 GeV, 
as expected from the previous AGS data

The quark number scaling has been used at 
higher energies as a signature of the QGP. At 3 
GeV, the scaling is broken down e.g. hadronic 
gas (not QGP).

Elliptic flow at 3 GeV

Phys. Lett. B 827(2022) 137003
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Hidden vs. open strangeness production

Phys. Lett. B 831(2022) 137152

The thermal model with grand canonical ensemble (GCE) under-predicts the ratios

The canonical ensemble (CE) calculations reproduce the ratios with correlation 
lengths of 3-4 fm

These observations imply that the fmeson is produced in a system of high baryon 
density causing the small correlation length
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Hypernuclei production

PRL 128 (2022) 202301

Hyper-triton yields follow the thermal model predictions

Hyper-H4 yields are under predicted by thermal models 

Lifetime measurements are consistent with previous measurements 
and have higher precision
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Summary

 BES-I results are mostly analyzed and published

 BES-II has increased statistics and collision energy coverage

 BES-II data were taken after several detector upgrades

 Previous energy scans had demonstrated the liquid - gas phase transition and 

the evolution from systems dominated by the attractive part of the inter nucleon 

potential to those dominated by repulsive interactions

 The first results are from the lowest energy FXT system and these demonstrate 

that the system is clearly in the hadronic gas phase (as expected)

 Data taking has been very successfully completed and analysis is underway
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Backup slides



X MPD collaboration meeting, 8-10 November 2022, Dubna 20

BES-I statistics and run time
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BES-II statistics and run time
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New acceptance 


