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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 

needed: full BB interaction

 
at high density= at small distances

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

Alexander Botvina

Alicia Sanchez

Hirokazu Tamura
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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 

Increasing
 

strangeness
B
Y X

B
Y X

B
Y X

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
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J-PARC beyond 2009

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

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
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J-Lab Experiments



KAOS @ MAMI

pe

e´ K+ Λ

neutron rich hypernuclei
wave function of

 
Λ

large momentum transfer components
particle unstable states

E. Hiyama & T. Yamada
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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)



12C+12C @ 2AGeV
Gaitanos, Lenske, Mosel



Phase 0 experiment at GSI, in 2009  T.Saito

Cave C

GSI accelerator facility Very Very 
preliminary
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200 AGev Au+ Au



3
Λ

 

H 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: 3Λ
 

H
 

@ 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



Yield
 

ratios

3 3

3 3 2

33

3 3

/ ( / )( / )( / ) 0.49 0.18

/ ( / ) ( / ) 0.44 0.02

/ ( / ) 0.89 0.28

/ ( / ) 0.82 0.16

H H p p n n

He He p p n n

H He p

H He p

ΛΛ

Λ

Λ

∝ Λ Λ = ±

∝ = ±

∝ Λ = ±

∝ Λ = ±

STAR Preliminary



Double Hypernuclei



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

 hypernucle

 i

E906

4 7, ?H HeΛΛ ΛΛ



HYP-X K. Nakazawa, KEK-E176 and KEK-E373

preliminary



Spectroscopy
 

of  ΛΛ-hypernuclei
E. Hiyama, M. Kamimura, T.Motoba, T. Yamada and Y. Yamamoto

Phys. Rev. 66  (2002) , 024007

many

 
excited, particle

 
stable

 
states

 
in double hypernuclei predicted

level

 
structure

 
reflects

 
levels

 
of core

 
nucleus



Is
 

there
 

a show
 

stopper?
Given that a Ξ-

 

is indeed captured and converted into 2 Λ hyperons 
and thus forms an excited ΛΛ-nucleus

What is the chance that individual excited, particle stable states of 
double hypernuclei

 

are produced?

Can we develop a strategy to identify and assign

 

possible γ-transitions?

⇒

 

Alicia Sanchez Lorent



Excitation
 

Function
 

for       decays
DHP ÙÛ: double hypernuclei

dominates
Somewhat

 

larger than

 

in 
other

 

calculations, but

 compatible

 

with

 scarce

 

data

SHP æç
 

: single

 
hypernuclei

below

 

BΞ

 

=-12MeV only 12
Λ

 

B 
states

THP

 
áòç: twin

 
hypernuclei

~10%

Please note: relevant range

 probably

 
BΞ

 

≈0…5MeV

13 *BΛΛ

Excitation

 

energy

 

(MeV)

40 30 20

Alicia Sanchez



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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