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Hypernuclei
- the next decade -

Josef Pochodzalla

Why are hypernuclei interesting?

Why different experiments ? 

What will come in the next decade ?



Science, Vol. 159, p. 1346



Alastair G.W. Cameron,  Astrophysical Journal, vol. 130, p.884 (1959)

5 decades of hyperons in neutron stars



Baryon stars
Input: Baryons in chemical Equilibrium, conservation laws, interaction

beyond 2ρ0 hyperons may play a significant role in neutron stars
in the core hyperons may even be more abundant than neutrons 

Wambach 2008:”…it becomes practically impossible to ignore strangeness 
when considering neutron stars” 

needed: full BB interaction at high density= at small distances

N. K. Glendenning, Phys. Rev. C 64, 025801 (2001) 



Y-Y Interaction in neutron stars
MI Ai-Jun and YOU Wie, Commun. Theor. Phys. (Beijing, China) 53 (2010) pp. 133–137



Strategy
→ see talk of James Vary: ab initio calculations…

NN scattering data

Phenomenological
NN forces

Argonne, Nijmegen…

finite nuclei

χ effective 
field theories

consistent 
NN,NNN,… forces NY,NNY,YY forces

hypernuclei

dense stars



Strategy
…but there is still a long way to go
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Nuclear Forces from Lattice QCD
Forefront Questions in Nuclear Science and the Role of HighPerformance Computing, 
January 26-28, 2009 · Washington D.C.

Nemura, Ishii, Aoki, 
Hatsuda,
Phys.Lett.B673 
(2009)136

NΞ0
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systems

particle
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Hypernuclear physics: a multicultural activity

nuclear 
structure

nuclear
reaction

hot 
nuclear
medium

QCD and 
chiral

symmetry

hadron 
structure

hyper-
nuclei

nuclear 
physics

Hypernuclei offer a bridge between traditional nuclear 
physics , hadron physics and astrophysics 

It helps to explore fundamental questions like
How do nucleons and nuclei form out of quarks?
Can nuclear structure be derived quantitatively from QCD?
Properties of strange baryons in nuclei and structure of QCD
vacuum?
Baryon-baryon weak interaction ΛN→NN, ΛΛ→ΛN
H-dibaryon {uuddss} in nuclei ?
Can we constrain the interior of neutron stars?



Why different experiments ?



International Hypernuclear Network

JLab
• electro-production
• single Λ-hypernuclei
• Λ-wavefunction

HypHI @ GSI
• heavy ion beams
• single Λ-hypernuclei     

at extreme isospins
• magnetic moments

Dubna
• heavy ion beam
• single Λ-hypernuclei
• weak decays

KEK → J-PARC
• intense K- beam
• single and double Λ-hypernuclei
• γ-ray spectroscopy for single Λ

FINUDA @ DAFNE
• e+e- collider
• stopped-K- reaction
• single Λ-hypernuclei
• γ-ray spectroscopy

KAOS @ MAMI
• electro-production
• single Λ-hypernuclei
• Λ-wavefunction

PANDA @ FAIR
• anti-proton beam
• double Λ-hypernuclei
• γ-ray spectroscopy

STAR @ RHIC
• HI collider
• anti Λ-hypernuclei
• exotica?

2010 2020
KEK

FINUDA

HYPHI

JPARC

MAMI

PANDAJLAB

RHIC



Birth, life and death of a hypernucleus
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Single Hypernuclei - Two-body Reactions
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Updated from: O. Hashimoto and H. Tamura, Prog. Part. Nucl. Phys. 57 (2006) 564.

High Resolution γ-Spectroscopy at KEK 



The present nuclear chart

Present limitations
only single Λ-hypernuclei close to valley of stability
only very few ΛΛ-hypernuclei events
Information on Ξ hypernuclei limited
no information on antihyperons in normal nuclei 

HYP2006   

H. Merkel

• a Λ hyperon remains a Λ hyperon inside the nucleus

• Λ potential about 2/3 of nucleon potential

• spin-orbit interaction very small

• Λ-Σ mixing important



What will come in the next decade?



International Hypernuclear Network

JLab
• electro-production
• single Λ-hypernuclei
• Λ-wavefunction

HypHI @ GSI
• heavy ion beams
• single Λ-hypernuclei     

at extreme isospins
• magnetic moments

Dubna
• heavy ion beam
• single Λ-hypernuclei
• weak decays

KEK → J-PARC
• intense K- beam
• single and double Λ-hypernuclei
• γ-ray spectroscopy for single Λ

FINUDA @ DAFNE
• e+e- collider
• stopped-K- reaction
• single Λ-hypernuclei
• γ-ray spectroscopy

KAOS @ MAMI
• electro-production
• single Λ-hypernuclei
• Λ-wavefunction

PANDA @ FAIR
• anti-proton beam
• double Λ-hypernuclei
• γ-ray spectroscopy

RHIC
• HI collider
• anti Λ-hypernuclei
• exotica?

2010 2020
KEK

FINUDA

HYPHI

JPARC

MAMI

PANDAJLAB
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KEK/JPARC



J-PARC beyond 2010

Handron Hall

Beam 
Dump

T1 target

K1.8

K1.8BR

K1.1
S-type

KL

K0.8
C-type

30GeV primary 
beam (phase 1)

Hyperball-J

production
target (T1)

SKS

Several intense K- beam lines, π-beams
γ-ray spectroscopy for single Λ
Complete study of light (A<30) hypernuclei
Study of medium and heavy hypernuclei
n-richer/p-richer mirror hypernuclei
Double strangeness



Electroproduction of Hypernuclei

JLab
• electro-production
• single Λ-hypernuclei
• Λ-wavefunction

HypHI @ GSI
• heavy ion beams
• single Λ-hypernuclei     

at extreme isospins
• magnetic moments

Dubna
• heavy ion beam
• single Λ-hypernuclei
• weak decays

KEK → J-PARC
• intense K- beam
• single and double Λ-hypernuclei
• γ-ray spectroscopy for single Λ

FINUDA @ DAFNE
• e+e- collider
• stopped-K- reaction
• single Λ-hypernuclei
• γ-ray spectroscopy

KAOS @ MAMI
• electro-production
• single Λ-hypernuclei
• Λ-wavefunction

PANDA @ FAIR
• anti-proton beam
• double Λ-hypernuclei
• γ-ray spectroscopy

RHIC
• HI collider
• anti Λ-hypernuclei
• exotica?
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J-Lab Experiments



Λ Binding Energy in Mirror Hypernuclei
If isospin is an exact symmetry and therefore also no ΛN charge 
symmetry breaking  ⇒ BΛ of mirror nuclei identical

Differences could be caused by
Coulomb effects + other electromagnetic effects
nuclear CSB
ΛN CSB
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KAOS @ MAMI

pe

e´ K+ Λ

E. Hiyama & T. Yamada

Other projects:

High resolution absolute mass of hypernuclei by pionic decay
(Liguang Tang, Osamu Hashimoto)  

Light (A<12) Σ0 hypernuclei

Coulomb assisted bound Σ- states

Deformation of hypernuclei

*γ



The present nuclear chart

Present limitations
only single Λ-hypernuclei close to valley of stability
only very few ΛΛ-hypernuclei events
Information on Ξ hypernuclei limited
no information on antihyperons in normal nuclei 

HYP2006   

H. Merkel



International Hypernuclear Network

JLab
• electro-production
• single Λ-hypernuclei
• Λ-wavefunction

HypHI @ GSI
• heavy ion beams
• single Λ-hypernuclei     

at extreme isospins
• magnetic moments

Dubna
• heavy ion beam
• single Λ-hypernuclei
• weak decays

KEK → J-PARC
• intense K- beam
• single and double Λ-hypernuclei
• γ-ray spectroscopy for single Λ

FINUDA @ DAFNE
• e+e- collider
• stopped-K- reaction
• single Λ-hypernuclei
• γ-ray spectroscopy

KAOS @ MAMI
• electro-production
• single Λ-hypernuclei
• Λ-wavefunction

PANDA @ FAIR
• anti-proton beam
• double Λ-hypernuclei
• γ-ray spectroscopy

STAR @ RHIC
• HI collider
• anti Λ-hypernuclei
• exotica?

2010 2020
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3
ΛH at STAR

background shape determined from rotated background analysis
Signal observed from the data (bin-by-bin counting): 177 ± 30
Mass: 2.990 ± 0.001 GeV; Width (fixed): 0.0025 GeV.

STAR Preliminary



The first antihypernucleus: 3ΛH @ STAR

Signal observed from the data (bin-by-bin counting): 68±18
Mass: 2.991±0.001 GeV; Width (fixed): 0.0025 GeV

STAR Preliminary

Other HI projects:

FOPI@GSI has also observed as signal compatible with
hypertriton

ALICE@LHC will also look for hypernucleus production

Proton-rich hypernuclei, multi-strange nuclei…?



International Hypernuclear Network
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HYPHI @ GSI/FAIR

Λ

X

π

KΛ

neutron and proton rich single Λ hypernuclei
weak decays, lifetimes
hypermatter at low density
magnetic moment of Λ inside nucleus

Take Saito (GSI,Mainz)



Phase 0 experiment at GSI, in 2009/2010

Cave C

GSI accelerator facility Very Very 
preliminary

October 2009: 2AGeV 6Li+12C

March 2010: 2AGeV 20Ne+12C 

5 He p α π −
Λ → + +



The present nuclear chart

Present limitations
only single Λ-hypernuclei close to valley of stability
only very few ΛΛ-hypernuclei events
Information on Ξ hypernuclei limited
no information on antihyperons in normal nuclei 

HYP2006   
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Production of ΛΛ Hypernuclei

Ξ-

Λ
Λ

capture 
of Ξ- in 

secondary 
target;
atomic 

transistion

γ

γ

+28MeV

Ξ-p→ ΛΛ
conversion
γ-decay and
weak decay

primary 
production of 

of Ξ-

simultaneous implantation of two Λ’s impossible 
Ξ- conversion in 2Λ:     Ξ−+p →Λ+Λ + 28MeV
⇒large probability that two Λ’s stick to same nucleus

two-step process
⇒ spectroscopic studies only via the decay products



Decay Products of ΛΛ Hypernuclei
nuclear fragments ⇒ emulsion       hadron+nucleus

detection of charged products only
limited to light nuclei

weak decay products ⇒ BNL-AGS E906 9Be(K-,K+)X
resolution limited
no information on excited states
interpretion not unique because π momenta are similar

γ- spectroscopy ⇒ PANDA               p+A
no excited states observed yet, but theoretically predicted
How to identify the nucleus 

5HeΛ

6HeΛΛ

−Ξ

twin 
hypernuclei

E906
4 7, ?H HeΛΛ ΛΛ



Ξ
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Production of ΛΛ Hypernuclei at PANDA
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θlab< 45°: Ξ−, K- trigger (PANDA)
θlab= 45°-90°: Ξ-capture, hypernucleus formation
θlab>90°: γ-detection Euroball (?) at backward angles

PANDA Setup

Milestones:
Full Monte Carlo chain including event generator, 
new statistical model to simulate the population
of excited states
hardware projects: Ge-detectors, secondary
target, primary target…



Simulation within PANDA_ROOT
Example: secondary 12C target (~2 weeks*) )
Bin width 100keV

*)In these simulations we assume a Ξ capture and conversion probability of 5%
(arXiv:0903.3905) 



Hypernuclear physics is a multicultural activity – it links QCD and nuclei 

Hypernuclei  are a key to neutron stars

Hypernuclear physics needs a variety of experimental probes

γ-spectroscopy of double hypernuclei seems possible at PANDA

Summary



THANK YOU
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