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Outline Introduction: what and why
What is hypernuclei? 
Bound nuclear systems of 
non-strange and strange baryons. 

M. Danysz (right) and J. Pniewski (left) 
discovered hypernuclei in 1952
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H. Nemura et al, Prog. Theor. Phys. 103, 929 (2000) 

3He

Yifei Zhang/USTC 第一届安徽省核物理研讨会，2024年1月22日



4

Outline Introduction: what and why
Why is hypernuclei? 
v Probe hyperon-nucleon (Y-N) interactions. Simple/light hypernuclei are cornerstones.

v Strangeness in high-density nuclear matter. EoS of neutron stars.
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Outline Introduction: how
Experimentally, measurement of hypernuclei allow us to understand, 

Internal structure of hypernuclei

Loosely bounded, binding energy, branching ratios ... 

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

Production in high energy heavy-ion collisions 

production yields/mechanisms, collectivity …

The formation of loosely bound states (how they survive)
in violent heavy-ion collisions is not well understood 

Week decay, lifetime is close to free L hyperon. n
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Outline Introduction: RHIC BES-II program

BES-II FXT3

RHIC BES-II program:
Collider mode:  7.7 – 19.6 GeV

Fixed Target (FXT) mode: 

extends down to 3.0 GeV

μB coverage: 20 – 720 MeV
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Outline Introduction: RHIC BES-II program

B. Dönigus, EPJA (2020) 56:280 

Coalescence and statistical-thermal models predict: At lower beam energies,
the hypernuclei production is expected to be enhanced due to high baryon density.

Large statistics from STAR BES-II provide a great opportunity to study hypernuclei production.
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Outline Hypernuclei reconstructions
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OutlineHypernuclei production yields at 3 GeV
PRL 128, 202301(2022) 

First measurement of dN/dy of light hypernuclei in heavy-ion collisions.

Different trends in the rapidity distributions in central (0-10%) and semi-central (10-50%) collisions.

Transport model (JAM) with coalescence reproduces trends of !"H but failed to describe !
#H.

!
#H
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OutlineHypertriton production yields at BES-II energies

Comprehensive measurements using fixed-target and collider data with high statistics.

Fixed-target mode

Collider mode
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Outline Hypertriton excitation function

Yield increases strongly from 27 - 7.7 GeV 
Maximum is reached at ~3-4 GeV 
Qualitatively consistent with thermal and 
coalescence models 
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Outline Nuclei-to-Hadron Ratios 

At RHIC energies, similar to t/p

!
#H/Λ is overestimated by a factor of ~2 by the thermal model.

!
"H/Λ consistent with thermal model, feeddown effect?
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Outline Strangeness Population Factor (SA)

SA: Ratio of hypernuclei yield compared to light nuclei.
SA vs pT/A, expect ~ 1 if no suppression naively,

S3 < 1 ⟶ suppression of !#H to 3He due to larger size.
S4 > S3 ⟶ enhanced !

"H, feeddown from excited states.

No clear centrality dependence.
None of the models describe the S3 data quantitatively.

Increasing trend of S3 originally proposed as 
a signature of onset of deconfinement PLB 684 (2010) 224 
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Outline Hypernuclei directed flow at 3 GeV

STAR, PRL 130, 212301 (2023)
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OutlineHypertriton relative branching ratio (R3)

Relative branching ratio:

Improved precision on R3

Stronger constraints on hypernuclear interaction models used to describe 
Stronger constraints on absolute B.R.s 

#
$H
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Outline Lifetimes for light hypernuclei

PRL 128, 202301(2022) 

Lifetime of light hypernuclei !#H , !"H and !"He are 
shorter than that of free Λ (with 1.8σ, 3.0σ, 1.1σ) 

Consistent with former measurements (within 2.5σ 
for !#H , !"H ) 

Results consistent with model calculations
including pion FSI and calculations under Λd 2-
body picture within 1σ 

!
#H, !"H results with improved precision provide
tighter constraints on models
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Outline BL of !
𝟑H
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Outline BL and DBL of !
#H and !

#H𝐞
STAR, PLB 834 (2022) 137449 

Yifei Zhang/USTC 第一届安徽省核物理研讨会，2024年1月22日



21

Outline Summary
STAR BES-II provides a unique opportunity to study hypernuclei, especially at high-baryon-density region. 
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Excitation functions and SA.
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OutlineOutlook: High baryon density frontier

STAR iTPC/ETOF fully installed in 2019

High statistics of STAR BES-II/FXT data

NICA/MPD 4-11 GeV

FAIR/CBM 2-5 GeV

HIAF/CEE 1-4.25 GeV

CBM

MPD
X. Luo et al., Particles, 3, 278 (2020)

CEE

Aim for precision measurements.
Searching for new hypernuclei states, A=5, L-L…
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Thanks for your attention !
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Outline Feed-down effect
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