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Introduction: hypernuclel

* Hypernuclei: bound nuclear systems of non-strange and strange baryons

— Natural hyperon-baryon correlation system

3
AH
lightest hypernucleus

RMS radius 5 ~ 10 fm

The first discovery of hypernucleus by Marian
Danysz (right) and Jerzy Pniewski (left) in 1952

M. Danysz, J. Pniewski, Philos. Mag. 44 (1953) 348.
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Introduction: YN interaction in dense matter

* Hypernuclei serve as a laboratory to study the
hyperon—nucleon (YN) interaction

* YN interaction is essential in probing dense inner core

of neutron star
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| = Hyperon puzzle: do hyperons exist in the

dense inner core of neutron stars?

e |ack of experimental data of YN, YY, YNN
Interactions to constrain theoretical

models of the dense matter equation of
state (EoS)

D. Lonardoni, et al. PRL 114,092301 (2015)
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Introduction: RHIC BES-II

© ™ AN b

» RHIC Beam Energy Scan phase Il (BES-II): o g d 8 el TN R
1l n -
» Specific focus on low \/ SNN 2 ol
S -
, W ol
* |nclude fixed target (FXT) mode to reach lower f

energies, increase pgp range from ~400 MeV to

~700 MeV

Fi;;d Target

* High statistics data n~2 z=201m
EPD

" VPD | Yellow beam
* Improve systematics R ———— : R —
- BBC

* Detector upgrade: iTPC, EPD, eTOF - WeeT

ETOF

BTOF

— Enhances the capability of various measurements
with excellent precision
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Introduction: hypernuclei in HI collisions

Production mechanism of hypernuclei is still not well understood.

Hypernuclei formation process in violent relativistic heavy-ion (Hl)
collisions can be studied through measurements related to spectra and

collective flow.

s L,E ot e T "~ "3 B.Donigus, Eur. Phys. J. A (2020) 56:280
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113 +4$ """ T = * Hypernuclei measurements are scarce in Hl collision
0 e e - J  experiments
104 L
Y gy % « Atlow beam energies, hypernuclei production is expected
W K, L o ] to be enhanced due to high baryon density
10°8 -

Fox T2  RHIC BES-Il offers great opportunity for hypernuclei
10 10° 10’ s-(@ev) Measurements.
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- H reconstruction

«10° Au+Au Collisions, 0-40%
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« Reconstruction channel: {\H—"He + x ® 0 otst e to twtotl
I ¢.¢ ¢I ! I .¢ I¢ ! I ! ¢I¢
L ey . 297 298 299 3 3.01 3.02
* Particle identification from energy loss measurement using TPC M(*Her) (GeV/c?)
 KF particle package is used for signal reconstruction
3 :
» Backgrounds reconstructed by “He rotation XY. Ju et al. Nucl.Sci.Tech. 34 (2023) 10, 158
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Energy dependence of ?\H production

B e 0-10% collisions
I {é;'f,'....._EE\ o o omanoeimina | Yields increase strongly from \/ SNN
102 & EB b RS =27 GeV to ~4 GeV
'-’0_\ - ------- Coalescence (UrQMD)
v | T « Peak at 3-4 GeV
;>; ol E
i * UrQMD + coalescence model
z | i g o describe data from 3-10 GeV
1074 iH o | ? * Thermal model overestimates data
E I I alssurlnlngl B.IR.(THTSHe+n)=25°/T . by ~ 2 times
[
3 4 5678910 20
sy [GeV]

STAR, PRL 128 (2022) 202301
ALICE, PLB 754 (2016) 360
T. Reichert, et al, PRC 107 (2023) 014912
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Nuclel-to-hadron ratios

I I I T T | I I I IR | I I I IR | I I I 1
1 =
— %z» . Central Collisions ¢  STARAu+Au -
| %$ "\. d/p <~  FOPI Au+Au —
1 0‘1 — % o & E864 Au+Pb —
— ‘ he &  PHENIX Au+Au =
N = \‘\1 & ALICE Pb+Pb _
_9 1 0—2 | \\ Q. -8 o ! ————— Thermal-FIST, w/unst. N _
o = ' M_oQg =
m — . 8T T ‘ _______________________ &-—-—0
L = '\ -
1 0—3 _ E I STARAu+Au __
Q = ‘ RN * B %  FOPI Au+Au =
@ B @ .\ t/p £ E864 Au+Pb —
= e . =  ALICE Pb+Pb _
— 10 = e. B8 o ALICE(*He/p) Pb+Pb =
D? — .\\ O h\ . e Thermal-FIST, w/unst. N Z
5[ RN s R —
10 7 & 2o 5 =
= °H/A x B.R. g . =
_6 — @ STARpreliminary AusAu e f----- ]
10 " E o ALCEPb+PD =
= - --- Thermal-FIST, w/ unst. N Assuming B.R.((H —°He + 7)) =25% =
B | | | L 1111 | | | | I 1111 | | | | I 1111 | | | | | 1 I_
2 3
10 10 10
Collision Energy \s,, (GeV)
STAR, PRL 130 (2023) 202301
STAR, arXiv: 2311.11020

T. Reichert, et al, PRC 107 (2023) 014912

Xiujun Li (USTC)

e Thermal model:

* Light/hypernuclei chemical
freeze-out happens at same
time with hadrons

* d/p consistent with thermal model

. ?\H/A, as well as t/p, overestimated
by thermal model by a factor of ~2

=
0
0
1
0
0
1
0
[

Suggest iH and t yields are not in

equilibrium and fixed at chemical
freeze-out simultaneously with
other hadrons

QPT 2025, 24-28 Oct 2025



Energy dependence of \H (pr).

“F 3 BW
° 5: Au+Au 0-10% collisions ° AH and t <pT> < <pT> at 3 GeV
- Mid-rapidity
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Q 15- ] ; ﬁ GeV
> ﬁg ¢
S | Megel o
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Centrality dependence of ?\H production

B 10-40% 0-10% collisions
i B B Au+Au (STAR)
i ® @ Au+Au (STAR prelimi C :
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STAR, PRL 128 (2022) 202301
ALICE, PLB 754 (2016) 360
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Centrality dependence of ?\H production

0.6:— STAR preliminary | I « Suppression of mid-central/central ?\H
o | yield ratio w.r.t N, ., seems more apparent
X 0.5 | n _

2 . | +C) R o below SNN =/./ GeV
< - ® . ?\H yield ratio tends to increase more
- e |
% 0.3 | | ® + | steeply than proton, A, triton at low
o L ® e energies
\O/ 02:_ H‘ " Npart
© - " mA (lyl<0.5) @ H (lyl<0.5) . . .
C 0.1 Suppression of iH production Iin
B p (lyl<0.1) Ot (lyl<0.5) . . .
b . | | more peripheral collisions at low
3 4 5 6 78910 20 30 energies

Related to the created system size?
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Energy dependence of strangeness population factor S;

1 6—_ STAR preliminary MOdg|SI Default AVPT)
L o A0 GG, Iyi<0.5) =+ Coal (S. Meling AVIPT Increasing trend of S, proposed as a signal
1 4—_ O ZI’TI-ZI’/RU+RU 0-10% —— Coal. (UrQMD, Ar=9.5fm)
' E ;”Egsé'fiudfﬁio-mo/o '— ?ﬁj:rrf;rgg[)wf;j;ﬂm of deconfinement S.Zhang et al. PLB 684 (2010) 224-227
1 2_<> ALICE Pb+Pb 0-10% :‘i - Thermal-FIST, w/o unst. N
- - @ STAR Au+Au, U+U :\: — Thermal-FIST, w/ unst. N . . .
n 3  Data shows a mild increasing trend
B H ;
o | S=5
D8 Herp /\  UrQMD + coalescence also suggest
0.65 / ________________________________________ = increasing trend
045 "o ¥ |o® - 3 . Suppression of > H due to large size
0.2 . .
i Assuming B.R.(,H—"He + ') = 25%  Thermal-FIST also suggest increasing trend

2 3
10 10 10 » Suggest feed-down from unstable nuclei

'Sy [GEV .
| N | | to stable nuclel V. Vovchenko, PLB 809 (2020) 135746
STAR, arXiv: 2310.12674 A. Andronic et al, PLB 697 (2011) 203 (Thermal (GS]))

ALICE, PLB 754 (2016) 360 5. Zhang, PLB 684 (2010) 224 (Coal +AMPT)
ES64, PRC 70 (2004) 024902 T Reichert, et al, PRC 107 (2023) 014912 (Coal +UrQMD, Thermal-FIST)
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T35

Multiplicity depenaence of S,

T Bracket: —'ﬁ/ Upper edge of box: "B AR prefiminary
3- 0-10% Au+Au cioclallzllo?/s - syst. unc. S, value corrected 0 93_ o Au+Au (s = 7.7-27 GeV, p_/A > 0.4 GeV/c)
107 VSun = © E for feed-down | - @ Zr+Zr/Ru+Ru (|s, = 200 GeV)
i 3 H i 0) from 0.8 O Au+Au/U+U (|s, ~ 200 GeV) -
- : thermal model - @ Pb+Pb (s, = 2.76 TeV)
AN Line: g - NN 3H
107 1 otat unc ~ 0.7 Op+Pb(s=502Tev) g —_ A
N - ] . . T B A
) - - .1 Lower edge of box: % . ‘He X o
% - @ Data (B.R.=25%) | S3 value uncorrected g 0'6_ ,_I'"' """""""""" B
&) 10_55_ E for feed-down O -
— - y=(-0.25,0) - = 0.9
%I_ _:}::::}::::}::::}::::}::::|_ . . _ICE E Pr
> Coalescenc | » Coalescence using Gaussian @ 0.4
— — Congleton (3-body) 3 o —
Q. 103t — Congleton (2-body) — ' N —
£ — Congleto wave function for \ H D o3
C:IE/ UndereStlmate data O 2:_ = 0 Coalescence
O, _ ' E pssuming B == Congleton (3-body)
* Coalescence using Congleton 0.1 ((H~*He+x)=25% — Congleton (2-body)
: 3 . N --- Thermal model == Gaussian
. wave function or ; H describe of 1 &t il ] -
i  the dat d f 10 10
- y=(-0.5.- the data across wide range o . L
P y=00570.25) $ Charged-particle multiplicity ( dN_ /dn )

energles STAR, Phys.Rev.Lett. 128 (2022) 20, 202301
ALICE, PRL 128(2022)252003 V. Vovchenko, PLB 785(2018)171 (Thermal)

ALICE, PLB 754 (2016) 360 Y-H. Leung, arXiv: 2510.067358 (Coalescence)
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Summary

« Experimental results of ?\H production in:

e 3.0-27 GeV Au+Au collisions
e 200 GeV Zr+Zr/Ru+Ru collisions

Coalescence

 Experimental data support coalescence is a

dominate mechanism of iH formation at mid-

rapidity in heavy-ion collisions at RHIC. Hadron  Hypermucle:
3 0 chemical formation
- \H are likely not in thermal equilibrium at hadron s freeze-out .. | t
| | |
chemical freeze-out. ®© @
Yy
@
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Outlook

104:a¥§ § S8 B F R Y Y e 2Ry (5 (GeV)
: BES-I lIBES-II FJFXT :
~~~ i l a7 1 02 — Thermal-FIST V. Vovchenko, H. Stoecker
2 3 % — Comput. Phys. Commun. 244, 295 (2019)
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PR ro%s KRS |
T AR ERL 107
ITH ; ERERLL |
1H11088 !
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 RHIC-STAR: huge datasets at RHIC top and o
lowest energies 107

- Run 21, Au+Au 3 GeV, ~2 billion events —
- Run 18, Isobar 200 GeV, ~6 billion events —
- Run 23-25, Au+Au 200 GeV, ~18 billion events 10710 STARFXT

CBM @ FAIR

CHNS @ HIAF

* Opportunities for heavier (anti-)hypernuclei - N

2 3 4 5 678910 20 30
Collision Energy |'s,, [GeV]
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?\H rapidity and pr spectra
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- H production in isobar 200 GeV

6
x10
_Analytical Coal. MUSIC + UrQMD + Coal. Thermal-Fist (CE)
B STAR Preliminary —LHC energy Zr+Zr 200 GeV LHC energy (T = 155 MeV )
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=0 A @ 0-10% (x4) - —— 3-body  — B, =0.164 MeV (World average) -'- V=3 dV/dy =
5 SR i S : ;g'igof’ (x2) N B, =0.102 MeV (ALICE 2023) ~ Zr+Zr/Ru+Ru 200 GeV ]
§ N IR s 40'800; < — /// == Ve = dVidy .
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Nz%l_ 1077 . \ 1 e BRI 5 ,,,,,, :\\'\ == .
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Feed-down from unstable nuclel

100 ————rrmr — -

~ 1

Q) -
< AR I
~ g0} _ —_dt 1 5 0.8
C —~ i
'.8 ......... 3He % i
S 60 ‘He 1 %0.6-
= 72 Jat .
C U)O') AH
5 40 - 0.4/ 53 = He x A
% C X ?
O
L 20 : 0.2

O e —— o .
10’ L, 0 10° 10 10°
s\ [G€eV] /'Sy [GEV]
V. Vovchenko, PLB 809 (2020) 135746
* Feed down fraction estimated by Thermal-Fist e Feed-down correction of S; from
* From unstable nuclei (4H, 4He, 4Li, 5H, 5He, 5Li) to unstable nuclei estimated using

the stable lower mass nuclei(p, d, t, He3, He4) Thermal-FIST
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Nuclel wave functions

Y-H. Leung, arXiv: 2510.067358 (Coalescence)

: —— Congleton (3-body EFT) _ _
[ s Congleton (2-body) Wigner-function coalescence: coalescence
I  Gaussian probability given by overlap between ?\H
1077\ wave function and nucleon/hyperon
S N\ n distributions at freeze out
,"E; I o O  Extracted source size at 0-10% Au+Au
L5102 200GeV ~ 4.5 fm
=) E
i o Atr,4<4.5fm, wave functions with larger
I probability density will yield higher
10°F production rates.
o b b b b b NG
0 S 10 15 20 25 30

g [fm]
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