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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 T
hyperon—nucleon (YN) interaction g
YN interaction is essential in probing dense inner core Ry

of neutron star 7 neutron star

 Hyperon puzzle: do hyperons exist in the dense

inner core of neutron stars? S T |
D 4 e '
" " :PU e NN PSR J0348+0432 |
. NO dlreCt methOd tO prObe Inner Core 20 E':::::::::::!:::::::!:::::::::::::::A ::::::::::::::::::Z::::::::::::::::::?{,\
| AN + ANN (1l PSR J1614-2230 { ~Observed
— 16| ; neutron stars
 Rely on theoretical models compared with £  |AN*ANN
. T AN + ANN (I
observations oo | '
. - AN -
» Lack of experimental data of YN, YNN, YY " .
0.0 .................

Interactions to constrain theoretical models of the 11 12 13 14 15

dense matter equation of state (EoS) D L omdon Al PRI 14 097301 (015
. Lonardoni, et al. ;
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Introduction: RHIC BES-II

S o © ®m N o
g r; 3 : AR ; oy LG L% o 1% [~} %) ‘v O
& & & KIEANIEN GRS o NN @ © ¥ & o ooy \ISNN (GeV)

 RHIC beam energy scan Phase Il (BES-I): 10°F Joms: Boesy G
g 1o3é
. Specific focus on low \/ SNN % |
> -
| L 10k
* |nclude fixed target (FXT) mode to reach lower :
energies, increase pgp range from ~400 MeV to
~700 MeV
Fi;;d Target
* High statistics data 02 z=201m
EPD
. VPD | Yellow beam
* Improve systematics —_— ' ——— —
- "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 relativistic heavy-ion (HIl) collisions

can be studied through measurements related to spectra and collective flow.

-:|- I T T TTI I I T T T I| I I T T T I| I I I I:
= 10%= o ALICE data 4+ STARdata =
] + JH, ;ﬁ od, d :

T “hems 3 * Hypernuclei measurements are scarce in HI collision experiments

6
- AAHe

i . At low beam energies, hypernuclei production is expected to be
2 enhanced due to high baryon density

RHIC BES-II offers great opportunity for hypernuclei measurements.

i B Dgnigus, Eur. Phys. J. A (2020) 56:280
VSw (GeV) A Andronic et al. PLB (2011) 697:203-207
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- H reconstruction
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« Reconstruction channel: f\H—>3He + T
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Counts per 2 MeV/c*

W H

Counts per 1 MeV/c?
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» Particle identification from energy loss measurement using TPC

 KF particle package is used for signal reconstruction
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«10° Au+Au Collisions, 0-40%

LSy = 3.2 GeV
— -0.5<y<0

- 1<pT<4 GeV/c

+

Counts

70F

x10°

298 3 3.02
M (GeV/c?)

%1 03 #Data |

I ! I ! I
Rot. Bg -+ Data-Rot. Bg

" sy = 19.6 GeV

- 1lyl<0.5
1 5<p_<4 GeV/c

¢|¢¢¢¢| ¢

298 3 3.02
M (GeV/c?)

!

297 298 2.99

3

3.01 3.02

M(°Her) (GeV/c?)

XY. Ju et al. Nucl.Sci.Tech. 34 (2023) 10, 158
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?\H rapidity and pr spectra

Au+Au collisions, lyl<0.5

B - 7.7 GeV 11.5GeV | 14.6 GeV
B i :
u 0 g, B = SRR " "
o e S Ui  Measurements cover 11 different energies
> 107 IS e A
() NN o N AN g Ce ]
Q| smmpmnay == =i Collider: 7.7, 1.5, 14.6, 19.6, 27 GeV
— * af, 0-10% N .
R — _ , Fixed Target: 3.0, 3.2, 3.5, 3.9, 4.5, 5.2 GeV
'O L
Z .4 19.6 GeV 27 GeV
& L
5 5 ‘::- \N\]:.: ~~~~~
%10_6_ m\?;\ N \\\l\:}:'“m """""""""""""" L L LA NN LR R B B N NN BN N B T L LI B B T LA B L B B
N S e 0006l 3GeV 1 3.2GeV r | 35Gev 3.9 GeV 4.5 GeV 5.2 GeV ]
- S ENUEES Tt B H — dpm (x(1_|§)- STAR Preliminary 0-10% (top) :
m‘:}: EQ:J\ ! + 1 @ /3\H —°Hen | + Au+Au
1078+ , | | , 0.004 |- -+ ]
0 D 0 2 4 ' * ' 1 ¢ + + +
b, [GeVic] go.ooz:— * - . + ¢ ‘ O ]
©
X
m‘0.00S:::::::::::::::=:::' H—++ 1+ -+ -+ H—++ 1 H—++ 1 e
m 3 GeV 3.2 GeV 3.5 GeV 3.9 GeV 4.5 GeV 5.2 GeV
10-40% (bottom)
0.002 | - +
0.001} B ' - o ¢ ¢ Q
$ e ¢ © . o
O...l...l...l...l......I...l...l...l... N A BN AN B B R A T AR A AN I DR A B B A B R AR A B A B R A A AR A i BN B B A BT SR B B
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Energy dependence of ?\H production

_ 0-10% collisions
B Au+Au (STAR)
) &EEE ’;\;:’;E iLACF;)pre"minarw « Yields increase strongly from \/ SNN =
1072 |
- B - Thermal 27 GeV to ~4 GeV
f()\ B ------- Coalescence (UrQMD)
O N N
V - .  Peak at 3-4 GeV
:>; 1 0—3 _ E SN 3y,
5 » UrQMD + coalescence models
% i E qualitatively describe the data
2.76TeV
3 ¢ .
107% H * Thermal model overestimates the data
E A assuming B.R.(iH —3He + 7)) = 25%
i I I I | I //

[

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

1?% I o III| I I o III| I I o III| I I 1 Ié o Thermal model:
- *ﬁ&ﬁ’ Central Collisions {t ;T)AF\)TAAUZAU =
10 ' = gg'@\ ’;}\ dP o coes ause —= ¢ Light/hypernuclei chemical
o b " %, T aicereies - freeze-out happens at same
= 10—2 E_ : \&j\Q‘ . Thermal-FIST, w/ unst. N _E tlme Wlth hadl‘OnS
CU [ 8 SN &-—- -0
- — = — T E E E E E S S S S S S S S S S S S DS . W
10—3 —— ug . O STARAu+Au — . . .
% s ° . - Vo o Lot - : * d/p consistent with thermal model
= - . I
% 10 ) é_ N = !\\!\\\ . Qt:gi(sﬁe/?))PMPb _§ : -
O s N Therma"F'ST’V:”"St'N 1 1e 2H/A, as well as t/p, overestimated :
— .\‘\ __________________________ =
= AH/AxBR. o 3 by thermal model by a factor of ~2
10—6 __ ‘ STARpreIiminaryAu+Au ______________________________ (i; _____ __ I Il B BE BHE B F B F F F F FE F FFEE F EE EEEsE -I
§ ——(i— '?rI:IeC:riaFI)-?:TSP$, w/ unst. N Assuming B.R.(iH —3He + ) =25% § 3 i _
B | | [ 1 1 11 I| | | [ 1 1 11 I| | | [ 1 1 11 I| | | I I_ SuggeSt AH and t ylelds are nOt In
2 3 i : :
10 10 10 equilibrium and fixed at chemical
Collision Energy \/SNN (GeV) freeze-out simultaneously with
STAR, PRL 130 (2023) 202301 other hadrons

STAR, arXiv: 2311.11020
T. Reichert, et al, PRC 107 (2023) 014912
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Energy dependence of \H (pr).

“F 3 BW
° 5: Au+Au 0-10% collisions ° AH and t <pT> < <pT> at 3 GeV
- Mid-rapidity
2:— STAR preliminary ______________

= H ﬁ """" ¢ | ° Hintof AHand t (pr) < (pr)®V at | /sy > 7.7

Q 15- ] ; ﬁ GeV
> %@ ¢
S | Megel . o
= T S, .  Blast-wave fit using measured kinetic
g/_" - LL e freeze-out parameters from light hadrons
0.5 Data Blast-wave fit to (it,K,p) data (71', K, p)
®°H mA H A S L L L L L L L L =
O . : "
ot Op toe - iH and t might do not follow same collective :
| | ] [
3 4567 10 20 30 1 expansion as light hadrons. l
Syn (GeV) e e e e e e m e meceeeeemee— e ——————— !
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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 :

o2l &EE . Yoo oues 1« Similar trend in central (0-10%)
. . . and mid-central (10-40%)
o L E!E collisions
L [ e
=103 . .
> - -
= .

O i C e 2.76TeV
3 _ ¢
107 = H
- assuming B.R.(SH —3He + 1) = 25% —
i | | | |

I

3 45678910 20

/'Sy [GeV]

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 Models
O Au+Au 0-40% == Coal. (Default AMPT) .
e (Iou;rA:Q4 v/, 1yl<0.5) = Coal. (5. Melting AVPT) A prominent enhancement of S; was proposed as a probe
- ! 10% —— Coal. (UrQMD, Ar=9.5fm) - S. Zhang et al. PLB 684 (2010) 224-227
1 .4__%uﬁ|ri;ﬁg§ g;?au 0-10% — Coal. (UrQMD, Ar=4.3fm) for deconfinement . (2010)
- ] E864 Au+Pt 0-10% #-+=- Thermal GSI, w/o unst. N
{1 2 ALICEPb+Pb0-10% ¢ — IhermalFIST,wiounst R Data shows a mild increasing trend from 4 /Sy = 3.0 GeV to
L STAR AusAu. Usl & — Thermal-FIST, w/ unst. N NN
— 2.76 TeV
1 3 H ~
™M : S3 - A 4“:'
p 0.8 He x % For coalescence(UrQMD) models, the energy dependence is
- /\ " sensitive to the source radius (Ar). Data favor larger radius.
0.6 - o
- e Due to the difficulty in forming f\H of large radius in
AU % $ small systems
- Assuming B.R.( *H—"He + ) = 25% Thermal-FIST, which includes feed-down from unstable
_I IIIIIII| | IIIIIII| | IIIIIII| | [ 1 1 11

10 107 10°
'Sy [GeV]

nuclei to stable p, 3He, describes the S3 data better

e Possible feed-down should be accounted

STAR, arXiv: 2310.12674 A. Andronic et al, PLB 697 (2011) 203 (Thermal (GSI))
ALICE, PLB 754 (2016) 360 §. 7Zhang, PLB 684 (2010) 224 (Coal +AMPT)
ES64, PRC 70 (2004) 024902 T Reichert, et al, PRC 107 (2023) 014912 (UrQMD, Thermal-FIST)
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T

d?N/(2m p_dydp ) [(GeV/c)?]

1073

1074

107

1073E

107¢
- y=(-0.5,-0.25)

® Data (B.R.=25%)

y=(-0.25,0)

0-10% Au+Au collisions -
\'Syn = 3 GeV

Bracket:
syst. unc.

-/

Upper edge of box:
S5 value corrected

3
H

I | I I I I
Coalescenc

— Congleton (3-body)

— Congleton (2-body)
— Gaussian

1

1.5

5 25 3
p_ [GeV/c]

T35

for feed-down
from
thermal model

O,
Line: > \

stat. unc.
L1 Lower edge of box:

S5 value uncorrected
for feed-down

“H
S3 — A
SHe X —
P
 (Coalescence quantitatively
reproduces the data across
wide range of energies

STAR, Phys.Rev.Lett. 128 (2022) 20, 202301
ALICE, PRL 128(2022)252003
ALICE, PLB 754 (2016) 360

S, (stable nuclei)

1

0.9

0.8

O
~

0.6

0.2

0.1

0

Multiplicity depenaence of S,

STAR preliminary

o Au+Au (\sy, = 7.7-27 GeV, p./A>0.4 GeV/c)

® Zr+Zr/Ru+Ru (\s,, = 200 GeV)
O Au+Au/U+U (\s,, = 200 GeV)

¢ Pb+Pb (\s,, =2.76 TeV)
O p+Pb (ys, = 5.02 TeV)
........................................ . J
- Or
:\g
- — T Coalescence
= ssuming B.A. == Congleton (3-body)
:_ (°H—°He+ ) = 25% == Congleton (2-body)
B --- Thermal model == Gaussian
B | | | L1 11 | | | | | L1 11 | | |
10? 10°

Charged-particle multiplicity { dN_ /dn )

V. Vovchenko, PLB 785(2018)171 (Thermal)
Y-H. Leung, arXiv: 2510.06758 (Coalescence)

Xiujun Li (USTC)

QPT 2025, 24-28 Oct 2025




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 _ freeze-out ... | t
| | |
chemical freeze-out. ®@ @
Wl
@
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Outlook

WS H ST T FRY Y YL 2L {5, (GeV) 10° Comput. Phys. Commun. 544, 595 (5019)
1O4§ = omput. Phys. Commun. 244,
R lBes-1 @BES-II [FXT -
< 10°F , i
o | : I
8 1k “IRRRl |
: : S B 5w
40 : % R R
‘ | BB ERE |
0.1 0.2 0.5 0.6 0.7
u GeV)
« RHIC-STAR
* huge datasets give opportunities for heavier 10710}
hypernuclei at FXT energies and anti- - e -
hypernuclei measurements at RHIC top energy 2 3 4 55678910 20 30

Collision Energy |\'s,, [GeV]
* Run 21, Au+Au 3 GeV, ~2 billion events

e Run 18, Isobar 200 GeV, ~6 billion events
e Run 23-25, Au+Au 200 GeV, ~18 billion events
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Feed-down from unstable nuclel

100 ——————— — —— S

3 —-e-p s |

O\c> - = g i

~— 80F 7 D 08_

C —-= 1 = i

'_8 ......... 3He -I(E :

S 60 ‘He { 0.6/

= % i

- U)oo

S 40 - 0.4

8

ke

O,

L 20 [ o2

0 ."- ...-.l . ] O_l L] L
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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