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1) Hyperon-nucleon (YN) interaction

2) STAR Experiment for Fixed-target

3) 2:Hand }H reconstruction in 3 GeV Au+Au
4) Directed flow measurement of iH and ;H
5) Hypernuclei opportunity at HIAF

6) Summary



SU(3) Baryon Octet

Hyperon and YN-interaction

Baryon quarks | Isospin | Mass
(Hyperon) (MeV)
N u d s 0] 1115

>+ U U S 1 1189
50 wd s 1 1193
2 dd s 1 1197
=0 U S s 1/2 1315
=" ds s 1/2 1321

Hyperon-Nucleon interaction (YN)
® Understanding strong interaction
® Original of nuclear force
® Probe of nuclear structure
® Properties of neutron star

"The hyperon-nucleon interaction: conventional versus effective field theory approach”,

Lect.NotesPhys.724:113-140,2007, J. Haidenbauer, Ulf-G. Meifiner, et al.
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Chiral Effective Field Theory (xEFT) YN interaction
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Review: Petschauer S, Haidenbauer J, Kaiser N, Meifiner U-G and Weise W,
Hyperon-Nuclear Interactions From SU(3) Chiral Effective Field Theory.
Front. Phys. 8:12 (2020)



Hypernuclei and YN interaction

Hypernucleus: bound state of the Hyperon(s) and nucleons.

@  up Down  (b) Strange Properties of hypernuclei (i.e lifetime,
chk Tdk qfsk binding energy, decay BR.) can be used
di@Ou  Jd@Ou d@ Ou to extract the strength of hyperon-
\protor! Nleutmn/ Apartide nucleon (YN) interaction.

Binding energy of single-A Hypernuclei:

BA(4Z) = M(*1Z) + M(A) = M(22)
- VR \

Core Free A Hypernuclei
mass mass mass

Normal nucleus N\ hypernucleus



Neutron Star and YN-interaction

“Hyperon puzzle": the difficulty to reconcile the measured masses of neutron
stars (NSs) with the presence of hyperons in their interiors

[Ighazio Bombaci, JPS Conf. Proc. 17, 101002 (2017)]; Phys. Rev. € 81, 035803 (2010)
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xEFT: Density Dependent YN Interaction

symmetric nuclear matter
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HICs at high baryon density region

1

Initial state

Time Evolution of HICS

Energy Stopping
Hard Collisions

5| AuAu, b= 6 fm, averages inr <2 fm
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Hydrodynamic
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hard EOS
----soft EOS

300 -

250

200

temperature [MeV]
7
(=]

12.8 AGeV
6.4 AGeV |

100 3.2 AGeV
e 1.6 AGeV

50+ — 0.8 AGeV
/l/ 0.4 AGeV
— 0.2AGeV

0O 2 4 6 8

density ng/ng

A. Sorensen et. al,
arXiv:2301.13253v2

| ' I ' | ' | ' | 11 ! | | | |
0.08 [ Au+Au Collisions (10-40%) T i i’: %7 5.4-4 (GeV)
08 ---- 200 e i
544 'S+ gl K A & # 1-_'. PlE
0.06F - 27 ¢5+§§ Ed}‘ | P *x o @ ,_o+g,?al¥f“"ﬂ ]
o IEEEEE 14.5 & zn= & 'oﬁ
& 004k 7.7 %‘;ﬁq-:i" i 55,&’/, i
Som ok P
002 @° + & -
- i (a) Positive particle ¢ :ép/ (b) Negative particle
oo EA
Kroka £ xk 4 PoAahk oy
_0-02 — A A A 1T # A N
[ | | | 1 [ |

06 08 0 02 04 06 08
(m, - mg)/n, (GeV/c?)
STAR Collaboration, PLB, 827, 137003 (2022)

Due to strong baryon stopping,
nuclear matter with high baryon
density is expected to be
in HICs at medium

created
energies



Hyper-nuclei Productions in HICs
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Possible connection with in-medium YN interaction
® Hypernuclei production

® Hypernuclei collectivity



2. Fixed-Target Runs at STAR
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Charged particle PID and 3H and 3H Reconstruction

2018 STAR FXT 3 GeV data set;
260M minimum biased events

1) Hyper-nuclei reconstruction channels:
AH -> 3He + == 2-body
AH->p +d + v 3-body
AH -> *He + =w= 2-body

2) PID of p, d, t,3He, *He, m are made based
on the dE/dx vs p/q distribution and
particles are selected by |no| method

(dE/dx) (keV/cm)

STAR TPC Particle Identification
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10}
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Reconstruction topology with KFParticle

Two-body decay Three-body decay

decay length +— 1/d]

decay length «— 1/dl

dca of daughter «—» szrim
dca of daughter «——» szrim
Primary Vertex

Primary Vertex
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4. Collective Flow with Event Plane Method

|off plane squeeze-out |

Event Plane Resolution
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Angular Distributions of Hypernuclei H

p: (1.2, 3.0) GeV/c; vy:(-1.0,-0.2); Centrality: 5-40% Angular (¢p—¥,) Distributions
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Experimental data Vs Transport+coalesence
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® The slopes of dv; /dy Vs Mass for hyper-nuclei is similar to that of light nuclei
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® Data and Simulation results are in a good agreement

Support: Coalescence is a dominant process for (hyper-)cluster formation
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JAM/UrQMD + Coalescence

® Jet AA Microscopic Transport Model ( JAM) simulation NARAetal, PRC, 61,024901(2000)
H. Liu (STAR Collaboration), SciPost Phys. Proc., 040 (2022)
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Directed Flow v,
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2H Production in HICs
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When and how are the (hyper-)clusters formed?
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Scenario I: Coalescence production at freeze-out

\ tme o f f PHYSICAL REVIEW C 74, 047901 (2006)
200 T T T

Hadronic freeze-out
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In picture of coalescence at freeze-out, hypernuclei collective flow

would not probe YN interaction at high baryon density
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Scenario IT: Dynamical formation of (hyper-)clusters

Gleassel, PRC, 105, 014908 (2022)
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In dynamic formation scenario, hyper-nuclei collective flow and production

may take the information of in-medium YN interaction
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5. Hypernuclei opportunity at HIAF

High Intensity Heavy-ion Accelerator Facility (HIAF) CSR-External target Experiment (CEE)
(2020-2024)
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Scenario IT: Dynamical formation of (hyper-)clusters

Nesiﬂdig et al, PLB, 827, 136891 (2022)
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