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Hypernuclearphysics
ÅbǳŎƭŜƛ ǿƛǘƘ ƘȅǇŜǊƻƴόǎύ   ɽΣ ʅΣ ʀ Χ
VUnified understanding of B-B interaction
VDense matter in neutron star
VA unique probe of nuclear structure

ÅLƳǇǳǊƛǘȅ ŜŦŦŜŎǘǎ ƻŦ όŀ ŦŜǿύ ɽ ƘȅǇŜǊƻƴ
VShrinkage of inter-cluster distance
Hiyamaet al., PRC59, 2351 (1999).

VReduction/disappearance 
of deformation
VExtension of drip lines
VFission barrier
Minato and Chiba, NPA856Σ рр όΩммύ

VNew collective modes
Minato and Hagino, PRC85Σ лнпомс όΩммύ
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K. Tanida, et al., PRL86Σ мфунόΩлмύ
Hiyamaet al., PRC59Σ норм όΩффύΦ
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VShrinkage of inter-cluster distance
VReduction/disappearance 

of deformation
VExtension of drip lines
VFission barrier
VNew collective modes

ÅMulti -ɽ ƴǳŎƭŜƛΥ ɽ ŀǎ ŀ оǊŘ ŎƻƴǎǘƛǘǳŜƴǘ ƻŦ ƴǳŎƭŜŀǊ Ƴŀƴȅ-
body system
VStructure?
VCollective motions?
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Multi-ɽ hypernuclei: experiments

Å(ground-state) binding energieshave been measured 
for a few systems: нɽ6He (=4IŜҌнɽύ, нɽ

10Be (=8.ŜҌнɽύ, etc.

ÅMore data are expected from the ongoing analysis of 
experiment E07 at J-PARC

VHyperon-hyperon interaction

VStep towards multi-ɽ ǎȅǎǘŜƳ

ÅMulti-ɽ ƴǳŎƭŜƛ όbɽ>2) expected at future experiments 
at GSI and HIAF (China)

Saito et al., NPA835Σ ммл όΩмлύ

https://j -parc.jp/researcher/Hadron/en/pac_0606/pdf/p07-Nakazawa.pdf

Nakazawa et al., NPA835, 207 (2010)



ÅHyperon halo
Rufa et al., PRC42Σ нпсф όΩфлύΤ Lü and Meng, Chin. Phys. Lett. 19Σ мттр όΩлнύ

ÅBinding-energy systematics
Khan, Margueron, Gulminelli, and Raduta, PRC92Σ лппомо όΩмрύ

Åɽɽ ǇŀƛǊƛƴƎ ŎƻǊǊŜƭŀǘƛƻƴ
Güven, Bozkurt, Khan, and Margueron, PRC98Σ лмпому όΩмуύ

Multi-ɽ hypernuclei: theory
(Nɽ>2)



ÅHyperon halo
Rufa et al., PRC42Σ нпсф όΩфлύΤ Lü and Meng, Chin. Phys. Lett. 19Σ мттр όΩлнύ

ÅBinding-energy systematics
Khan, Margueron, Gulminelli, and Raduta, PRC92Σ лппомо όΩмрύ
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ÅLimited to spherical systems

Ą deformation/clusterizationin multi-ɽ ƴǳŎƭŜƛ

Multi-ɽ hypernuclei: theory



Model Lagrangian

Nucleon sector: PK1 Long et al., PRC 69034319 ('04)

Hyperon sector:Liu et al., PRC98Σ лнпомс όΨмуύ

mɽ= 1115.6 MeV
gˋɽ= 0.618gˋbĄFitted to ɽ

40Ca
g˖ɽ= (2/3) g˖b
f˖ɽ= -g̟ ɽ

Quark model

N

N

ˋΣ ˖Σ ˊΣA

N

N

g g

ɽ

ɽ

ˋΣ ˖

N

N

gg

ɽ

ɽ

ˋΣ ˖

ɽ

ɽ

g g

Cohen and Weber, PRC 44, 1181
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Solved on 3D lattice: 243 points, a = 0.8 fm



άIȅǇŜǊ ƛǎƻǘƻǇŜǎέ ǘƻ ōŜ ǎǘǳŘƛŜŘ

ҌнɽΣ Ҍпɽ

8Be 

ҌнɽΣ Ҍуɽ

20Ne 

ҌнɽΣ Ҍуɽ

28Si 



Åнʰ ŎƭǳǎǘŜǊǎ
ÅнɽΥ ʰ-ʰ ŘƛǎǘŀƴŎŜ ǎƘǊƛƴƪǎ
ÅпɽΥh-ʰ ŘƛǎǘŀƴŎŜ ǊŜŎƻǾŜǊŜŘ

Ҩneutron density

Ҩ Lambda density

пɽ

нɽ

лɽ

8Be + ƴɽ



Ǻ n: neck at the middle
(ăнʰ ŎƭǳǎǘŜǊǎύ

Ǻɽ: flat at the middle

Cluster structure in 8.Ŝ Ҍ пɽΚ

ɽΩǎ ŀǊŜ ƴƻǘ ǎƻ ǘƛƎƘǘƭȅ ōƻǳƴŘ ǘƻ ʰ
as nucleons are

Two нɽ
6He clusters?

Ą not clear in the one-body densities



Cluster structure in 8.Ŝ Ҍ пɽΚ

Localization function for a fermion kind qǿƛǘƘ ǎǇƛƴ ˋ

ʰ ŎƭǳǎǘŜǊ ĄCǉ Ғ̀ м ŦƻǊ όq )̀ = nҧ, nҨ, pҧ, pҨ

нɽ
6He cluster ĄCǉ Ғ̀ м ŦƻǊ όq )̀ = nҧ, nҨ, pҧ, pҨΣ ɽҧΣ ɽҨ

BeckeŀƴŘ 9ŘƎŜŎƻƳōŜΣ WΦ /ƘŜƳΦ tƘȅǎΦ фнΣ рофтόΩфлύΤ Reinhard et al., PRC 83Σ лопомн όΩммύΤ 
Schuetrumpfand Nazarewicz,, PRC 96Σ лспслу όΩмтύΤ Ebran, Khan, and NikǑiŏ, J. Phys. G44млоллм όΩмтύΦ

Two-body correlation
Cǉ Ғ̀ м    Υ tŀǊǘƛŎƭŜ q ìs isolated(Unlikely that another particle is nearby)
Cǉ Ғ̀ мκнΥ ¦ƴƛŦƻǊƳ CŜǊƳƛ Ǝŀǎ
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16O (constrained)

ńҧ

20Ne (g.s.)

ńҧ



nҧ ɽҧ

Cluster structure in 8.Ŝ Ҍ пɽΚ

.ǳƳǇǎ ƛƴ ɽ ƭƻŎŀƭƛȊŀǘƛƻƴ ŦǳƴŎǘƛƻƴ
(much more obscure than neutron)

Ą sign of нɽ
6He clusterizationis seen 

in the two-body correlation

cf. one-body densities



ÅProlate deformation
ÅнɽΥ ʲ2N decreasesslightly
ÅуɽΥ̡2N ҫ, and hole at center

Åуɽ ƎŜǘ ŘŜŦƻǊƳŜŘΣ 
Å10n get less deformed, 
and ́ n at the center is lowered

Ҩneutron density

Ҩ Lambda density
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Hole in density 
of 20bŜ Ҍ уɽ



Hole in density 
of 20bŜ Ҍ уɽ

2+ɽ



Hole in density 
of 20bŜ Ҍ уɽ

6+ɽ



Ҩneutron density

Ҩ Lambda density

уɽ

нɽ

лɽ

28Si + ƴɽ

ÅOblate deformation
ÅнɽΥ μʲ2N| decreasessignificantly
ÅуɽΥμ2̡N| vanishes

ÅNucleons become spherical: 
(s1/2)

2(p3/2)
4(p1/2)

2(d5/2)
6

due to the spherical magicityƻŦ уɽ


