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® Hyperon-Nucleon (YN) Interaction

® STAR Experiment for Fixed-target
® Directed flow measurement of :H and tH
® Cluster Formation and In-Medium YN Interaction

® Hypernuclei opportunity at HIAF

® 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



Single-A Hypernuclei chart

Lambda Hypernuclei Chart

A Hypernuclear Chart

(2012)
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Updated from: Hashimoto, O., and H. Tamura
Prog. Part. Nucl. Phys. 57, 564(2006)

A. Gal et, al, RevModPhys, 88, 035004 (2016)

D. J. Millener, C. B. Dover, and A. Gal, RPC, 38, 2700 (1988)
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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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D. Gerstung, N. Kaisera , W Weise, Eur. Phys. J. A (2020) 56 :175

SRfAT A\ SRS _E B BUAZ T BB YNFRYY A8 B4 FH SELa XN = 2




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
Evolution

Hadron Freezeout
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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
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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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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

STAR Collaboration, Phys. Rev. Lett. 130, 212301 (2023) PJ/A~ (0.4, 0.8) GeVic
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® The slopes of dv; /dy Vs Mass for hyper-nuclei is similar to that of light nuclei
® Data and Simulation results are in a good agreement

Support: Coalescence is a dominant process for (hyper-)cluster formation -



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

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

| ——r————————r———————
10 f &= npn — nd: formation 3
%’ 100;r &=  ad — npn: disintegration-'!
= '
s 107'F (SMASH)
o 25
2 10
.9 _3:
5 107F
s i
ez 107°F
10t
0 20 40 60 80 0
t [fm/c]
¢ HADES {Iprelim.}
% ey ¥  E895 (Witt thesis)
10f ®  E802 ;
= 4  NA49
A * STAR
=
Z
= d )
(SMASH) *
0.01F a *
(b)

0.001

OLITINYCHENKO, PRC,103, 034913 (2021)

siz [Gev] '

Yield (dN/dy)

—— Equilibriurm
—— 3*Equilibrium
2.5 —— Nucleosynthesis after 90 MaV
El?.’? —— Nucleosynthesis after 100 MeV
= .
o —— Nucleosynthesis after 120 MeV
= 20 —— Nucleosynthesis at 155 MeV
e
k=
o 1.5
N
© —
—
€ 10
| .
[=]
[
0.5
0.0 10 12 14 16 18

t)

Au+Au (0-10%) @200 GeV |y|<0.5
8.0x102} ¥ STAR i
/ — L] A A A
4.0x102} /
/ Shaded bands: MUSIC+RKE
00k «~~ Dashed lines: SHM (without hadronic effects)
30)(10'4 L STAR Preliminary 3H
2.0x104} 7 TNNN < 7 3H
/ TNd < 7 3H
1.0x10*}
/
0.0 b= : - : -
5 10 15 20 25 30
Time [fm/c]

Kai-Jia Sun et al, arXiv:2207.12532 (2022)

35

23



PHQMD: PRC, 108, 014902 (2023)
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In dynamic formation scenario, hyper-nuclei collective flow and production

may take the information of in-medium YN interaction




5. Hypernuclei opportunity at HIAF

High Intensity Heavy-ion Accelerator Facility (HIAF) CSR-External target Experiment (CEE)
(2020-2024)
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