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Introduction - Hypernuclel

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

* Probe hyperon-nucleon(Y-N) interaction
e Strangeness in high density nuclear matter
 EOS of neutron star
* Experimentally, we can make measurements related to:

1. Internal structure

* Lifetime, binding energy, branching ratios etc.

Understanding hypernuclei structure may give more constraints on the Y-N interaction

2. Production in heavy-ion collisions

* Spectra, collectivity etc.

The formation of loosely bound states in violent heavy-ion collisions is not well understood
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STAR and BES-II

. Collider mode: 4 /syny =7.7 - 19.6 GeV
. Fixed Target (FXT) mode: extends collision energy down to 4 /Syn = 3.0 GeV

FXT mode setup:
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__Hypernuclei and STAR BES-I
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Hypernuclei analysis in STAR BES-I

STAR collaboration found the anti-hyper

triton.
Science 328, 58 (2010) (STAR)

o
o

M. Rayet, 1966
G. Bhamathi, 1969
PR180,1307(1969) B. Ram, 1971
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Hypernuclel reconstruction
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?\H branching ratio R,

B.R.(3H — "Her")
B.R.(3H — 3Hez") + B.R.(GH — dpz~)

Relative branching ratio: R; =

(8P )
PRC 102,
o " World Average 064002
I _ B, (MeV)
o= 0.6 NC26,  NPB16, \e020) - R -
— 840(1962) 77(1970) T ' 3 may be sensitive to
- PRL20, | . e 0.3 , _ 3
819(1968) PRCS?, the binding energy of 1 H
— NPB67, STAR 2017 1595(1998) | =i=imi= 0.2
0.4 A - 269(1973) ~  seees
RN DR R O I [ S
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S T ——— oS "‘ ............ ; ................... oy e e STAR 2021 (preliminary): '
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B 64-1, 63(1964) - L 1992 ' R3 = 0272 + 0030 + 0042 ‘
0.2 STAR 2021 ,
- « Updated world average R, is
- o consistent with theory calculation ‘._w
_ STAR Preliminary assuming B~ 0.1 MeV

» Improved precision on R;

« Stronger constraints on hypernuclear interaction models used to describe ?\H

» Stronger constraints on absolute B.R.s
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- H, 1H and ‘| He lifetimes
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PRL 128, 202301(2022)
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B, and AB, of YH and \He
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A binding energies(B ,) of f\H and f\He and their differences AB , * A binding-energy difference

- For ground states, AB}(0%) = B,(3He,0%) — B, (1 H,0")

* For excited states, the results are obtained from the y-ray
transition energies Ey

B\ (AHe/H,1%) = B,(3He/H,0%) — E (He/H)
AB}(1%) =B, (1He,17) — B, (R H,1%)

— Study charge symmetry breaking (CSB)
effect in A = 4 hypernuclel

* Differences are comparable large values and
have opposite sign in 07 and 17 states

» Consistent with the calculation including
a CSB effect within uncertainties.
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Hypernuclei production at 3 GeV
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* First measurement of dN/dy of hypernuclei in heavy-ion collisions

e Different trends in the jl\H rapidity distribution in central (0-10%) and mid-central (10-50%) collisions

e Transport model (JAM) with coalescence reproduces trends of f\H rapidity distributions seen in data
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Comparison to /A and light nuclei at 3 GeV
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A. Andronic et al, PLB 697 (2011) 203 (Thermal model)
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Energy dependence of hypernuclel production in heavy-ion collisions
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GeV/
P,le C]STAR, PRL 128 (2022) 202301 \/ SNN [GeV]

f\H yield at mid-rapidity increases from 2.76 TeV to 3 GeV

* Driven by increase in baryon density at low energies

Thermal model reproduces the trend, but slightly
overestimate the yields of ?\H at 19.6 and 27 GeV.

Meanwhile, 4 H is underestimated.

Coalescence(DCM) cannot describe ?\H “H yields using

same coalescence parameters, whereas coalescence(JAM)
using different parameters approximately can

PHQMD describes j‘\H at 3 GeV, but slightly overestimates
>H

A

Hybrid URQMD overestimates both yields at 3 GeV by an
order of magnitude

Provide first constrains for
hypernuclei production models in
the high-baryon-density region

ALICE, PLB 754 (2016) 360 Y. Nara et al, PRC 61 (1999) 024901 (JAM)
A. Andronic et al, PLB 697 (2011) 203 (Thermal model) S. GlaBel et al, arXiv: 2106,14839 (PHQMD)

J. Steinheimer et al, PLB 714 (2021) ( H. URQMD, DCM)
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S;and S,

S ,: relative suppression of hypernuclei production |
i ! : _
compared to light nuclei production _AH 1§ ! ?IE@']( # o &
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?\H and f\H directed flow at 3 GeV

Vs, = 3 GeV Au+Au Collisions at RHIC 14 | | ¢
NN .
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. 4 o d ] -
%) /_.’ A 3-body decay * At v 3He % A. B Hyper nuclei
< : /" ' HER fit result ,+ o ‘He -9 0.2 — - = Linear fit for light nuclei
I I 1 l I | | | | 2 STAR Prelimininary
-1 -0.5 0.0 0.5 1 -1 -0.5 0.0 0.5 1 0
| | | |

4

Particle Rapidity 1 2 3
Mass (GeV/c9)
e First measurements of ?\H and f\H directed flow (v;) from 5 - 40% centrality

e V, slopes of SH and ‘H seem to follow a mass number scaling.
1 SIOP A A

— Imply coalescence is a dominant process for hypernuclei formation in heavy-ion collisions
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Summary

 STAR BES-II provides a unique opportunity to study hypernuclei, especially at high-baryon-density region

: ?\H *H lifetimes measured with improved precision
» Relative branching ratio R, of ?\H with improved precision

« Precision lifetime and R; provide stronger constraints on hyper nuclear interaction models

« A binding-energy difference between f\H and f\He
e Hint of CSB effect at A=4

o First measurement of ?\H and f\H collectivity v,

« Mass number scaling is observed for the light hypernuclei — qualitatively consistent with coalescence

e First measurement of ?\H and f\H dN/dy vs y in heavy-ion collisions.

 Provide first constraints to hypernuclei production models @ high pg

* Qutlook: 1. iTPC and eToF fully installed in 2019 — improve 1 acceptance and PID at large n
2. 2 billion events collected at 3 GeV in 2021 — larger statistics, higher precision

» Expect precision measurements and more information of hypernuclei production with wider 7 range
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?\H 3-body signal

| _ 2 A ]
50'012: Au+Au s =3 GeV  STAR Preliminary 3 5 AMC O
[ _ ¢ Data B
Ot ...M: T — ]
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0.004] 0<P,<3 GeVic QBO ~+- Same-Event (SE) - /\d I | :
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0.002F 31 ~ B - B
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MaSS(pﬂ?d) (GeV/Cz) 1_+_+__+_ + _______________________________________________ i

o "1 —

 SE-ME signals contains real signal and . , 3 A 0.6/ —
. . _ » Estimation of % H purity in signals e
kinematically correlated A + d(A — px") At PUMLY J - AHx

« Normalized )(]%,DF distribution of A + d and f\H template from MC
(fAq @nd f3 ), and reconstructed signal fp,

. Purity: the fraction of real 3 H signals Jiu in signals fp,,, from fitting

Jpata=Po'faa + P1fin)
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Lifetime

107" ® ys,,=3.0GeV, STAR (2021) O N O ys\y = 3.0 GeV, STAR Preliminary
; (P\? O s =7-2GeV, STAR (2021) | . SN 1077 * A \s,, =3.0GeV, Data =
" - A - - Exp. fit | Dg : Q. LN, Exp. fit .
\ i I . - . —
EI +q>~¢ ®‘ ) ¢\ Y B .‘n n
= 10°F ® 3 ) 3 s S i S STAR |
g N ’ - @\ .\ N . E i .... |
\__I/ \ 0\ Q- l...
®) N =l ..
2 * L S 102 " =
'O 1 0—3 - N — N — N . % : ..‘ :
S i N “ R ¢ = | -
< | °H NooFAH “ | %He pR = . ‘
~ A .\ N . - A T . B A AN N i N a
1 0_4 oo 1 i B ' A I |\ I I AN B N B I AN AN B BN A A I I\I R S S T N NN TN T M A N NN A A NN T B A BN AN AN AN i |
0 10 20 30 40 0 10 20 30 40 0 10 20 30 40 50 ) '
L/By[cm]

. Lifetime 7 extracted via N(t) = Ne~-/re?

» A lifetime cross check : 267*4 ps, consistent with PDG value (263%2 ps)

. ?\H and f\H lifetimes from 3.0 GeV consistent with 7.2 GeV results
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A binding energy analysis

3000 _I I 1 I I I I 1 I I I I I I I I I I I I I I I I I _ [ ] 1 ] ] ] ] 1 ] ] ] ] 1 ] ] ] ] I ] ] ] ] I ] ] ] ] |

- O Signal candidates . 140 |- veeees Total fit —

- J a) - b) -

& 2500 |- — Rotated background — & PO Signal fit =

L . <> ] S N ;
% N ¢ . % N
2000 - — 100
= - PS5 5 = -
— n ) _ — "
~ = ~— 80
= 1500 |- et g 3 :
= : : = :
Q 1000 | — o -
O n ] O oL
q . ] _
500 |~ ! ' ] o0
_ ! ' ] _

Y VR R R A R YU R R o Ee .
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4 - 2 3 - 2
M("He + n") (GeV/c") M("He + p + ') (GeV/c")

 The background are obtained by rotating “He or *He track by 180 degrees
* The signal and the background are fitted by a Gaussian distribution and a double-exponential function, respectively.
m(3H) = 3922.3840.06(stat.)40.14(syst.) MeV /¢? m(3He) = 3921.69 & 0.13(stat.) + 0.12(syst.) MeV /¢?

y A blndlng energy . BA — (MA =+ Mcore — -Z\4hypernucleus)c2
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Observation of %ﬁ

« Datasets from STAR at RHIC facility

1200:_ iH S: 948.6+59.0 B: 2485.4 800;_ ?_\ﬁ S: 642.2+49.1 B: 1732.8
1000:_ ¢ Candidates  * S/V8+B: 16.2 700?1' Candidates =t S/V8+B: 13.2 NN 4
- —Rotation STAR Preliminary 600;—_ Rotation STAR Preliminary 2010 Au+Au 0.67B
-og 800:_ background = # 42 500;— background 2011 200 Au+Au 0.68B
§ 3 § 400 2012 193 U+U 0.67B
i 20 2018 200 Ru+Ru, Zr+Zr 4.61B
L 200
= 1005 1E , ,
QLo . L . . . | . PR NSRS RNRTUT SN NS S RS S 051.11..11 o L b ] 09:_*.I-h|SA"a!ysIs STARpreIiminary
296 298 3 3.02 3.04 3.06 3.08 3.1 296 298 3 3.02 3.04 3.06 3.08 3.1 ““E @ STAR Science 2010
He + 7 invariant mass (GeV/c?) He + ©* invariant mass (GeV/c? 0.8 - <+ Thermal Model PLB 2011
0.7E
gg;: ‘H S:26.8:6.1 B:10.2:0.4 16 %ﬁ S:17.0+4.7 B:5.0:0.3 2 0'65_
18E + Candidates S/\S+B: 4.4 141 4 candidates S/\S+B: 3.6 E 0.5 3 O +
16 — Rotation | equiv. Gauss N : 6.4 12E — Rotation equiv. Gauss N : 5.5 0.4 + e * + e
9 145 background ) STAR Preliminary @ 10:_ background 1 STAR Preliminary = !
s 12p £ 1 0.3F
o 105 o 8- 0.2
O 8= O 6 =
IRATIAT) RLLIAm "ot
4= f 4] (4] : - + 0t ! . . .
25 Myt T T Ty 24 R Mg ik L “He “He bk A
9.86 3 88 3 9 3 92 3 94 3. 96 3.98 4 9.86 3 88 3 9 3 92 3 94 3 95 3 98 4 3He ‘He ?\H iH

‘He + 7 invariant mass (GeV/c?)

‘He + n* invariant mass (GeV/c?)

Antimatter/matter yield ratios are consistent

. First observation of H with ~5¢ significance with previous results and models.

* First observation of heaviest anti-hyper nucleus in experiment

* New opportunity for the study of matter-antimatter asymmetry
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Detector upgrade

: - - iTPC Run2019
In year 2019: QM2019 talk, Yi Yang o.mE lTPC RES:OIS .
014 .
1. iTPC fully operational Som- s
3 f . . . .
- 01 % °. .
2. eTof fully installed Samt N3 -2
1~ -
X 0.06}
They both improve n acceptance and PID at large 7. %aug
0.02?
2 ‘ $T5

0 025 085 078 1 1385 15 1% 12 @ 0 05 0T Y 13 8 % 2
0 025 08 075 1 128 185 1% 2

Rapidity (y) Rapidity (y) Rapidity (y)

y

High statistics in BES-Il + wider ncoverage than in year 2018

— EXxpect precision measurements and more information at large 7
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