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Z L, S Hypernuclei
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St
ra

ng
en

es
s

0

-1

-2

n-rich nuclei
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Are there any exotic
hypernulear
structure?

Hyperon halo?
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Ø Hyperon effect on the neutron drip line
• Few body model

E. Hiyama, M. Kamimura, T. Motoba, T. Yamada, Y. Yamamoto, Phys. Rev. C 53, 2075 (1996).

• Shell model
R. Wirth, R. Roth, Phys. Lett. B 779 (2018) 336–341 

• Skyrme Hartree-Fock model
X. R. Zhou, A. Polls, H. J. Schulze, and I. Vidana, Phys. Rev. C 78, 054306 (2008). 

• Relativistic Hartree-Bogoliubov
D. Vretenar, W. Pöschl, G. A. Lalazissis, and P. Ring, Phys. Rev. C 57, R1060(R) (1998). 
H. F. Lv, J. Meng, S. Q. Zhang, and S. G. Zhou, Eur. Phys. J. A 17, 19 (2003). 

Ø Hyperon drip line (multistrangeness)
• Skyrme Hartree-Fock model

J. Margueron, E. Khan, and F. Gulminelli, Phys. Rev. C 96, 054317 (2017).
• Hartree-Fock-Bogoliubov

H. Güven, K. Bozkurt, E. Khan, and J. Margueron, Phys. Rev. C 98, 014318 (2018).

• Relativistic Hartree-Bogoliubov
H. F. Lv, J. Meng, Chinese Phys. Lett. 19, No. 12, 1775 (2002)
H. F. Lv, Chinese Phys. Lett. 25, 3613 (2008).
Y. T. Rong, P. Zhao, and S. G. Zhou, Phys. Lett. B 807, 135533 (2020). 
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★ Skyrme-like interaction
ü NN interaction

ü N! interaction

D. Vautherin and D.M. Brink, PRC 5, 626 (1972).
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D. E. Lanskoy and Y. Yamamoto, PRC 55, 2330 (1997).

ü !! interaction D. E. Lanskoy, PRC 58, 3351 (1998).

DFT for hypernuclei



★Energy density functional
ü NN interaction

ü N! interaction
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SIII, SLy4, SkM*

"#! = 62 MeV fm, D. E. Lanskoy and Y. Yamamoto, 
PRC 55, 2330 (1997)LY5

"#! = 4.7 MeV fm,

to reproduce the spin-orbit splitting of 1p states (0.152 MeV) in !
01C

H. Kohri et al., Phys. Rev.C 65, 034607 (2002)

0.155 0.152

Cal. Exp.

LY5r

Hyperon halo orbits in C hypernuclei
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Y. Z.,H. Sagawa,and E. Hiyama,
Phys. Rev. C 103, 034321 (2021) .

Good agreement with
the present data!

Hyperon halo orbits in C hypernuclei
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Y. Z.,H. Sagawa,and E. Hiyama, Phys. Rev. C 103, 034321 (2021) 

! orbit s.p. energy rms radius
1#$/& -13.156 2.144

1'$/& -1.782 3.410

60% increase

Halo orbits

Hyperon halo orbits in C hypernuclei



p Zr isotopes Zr (A>124)Giant halo
J. Meng and P. Ring, PRL 80, 460 (1998).

Y. Z., M. Matsuo, and J. Meng, PRC 86, 54318 (2012).

How about
1 or 2 Λ
particles

are 
added?
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Hyperon halo orbits in Zr hypernuclei
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ü NN interaction: SkI4 P.-G. Reinhard and H. Flocard, NPA 584, 467 (1995).

ü N! interaction: Y. Z., H. Sagawa, and E. Hiyama, Phys. Rev. C 103, 034321 (2021) LY5r

Hyperon halo orbits in Zr hypernuclei
n Hartree-Fock-Bogoliubov (HFB) model

ü NN pairing: DDDI

V0=-300 MeV fm3, "=0.5, #=0.5, $0=0.16 fm-3, Ecut=70 MeV

M. Grasso et al. PRC 74(2006)64317. 
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Hyperon halo orbits in Zr hypernuclei

In 136Zr, the diffusive neutron
potential can hold the weakly
bound p orbits, which
can hold up to 6 neutrons à
giant neutron halo

Y. Z.,H. Sagawa,and E. Hiyama, Prog. 
Theor. Exp. Phys. 2022 023D01 (2022)
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5 almost degenerate weakly bound low-l orbits can hold up to 12 ! hyperons

Hyperon halo orbits in Zr hypernuclei

In 136Zr, the diffusive neutron
density leads to a diffusive
hyperon potential also.
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ü !! interaction:

YZ et al., PRC 103, 034321 (2021)

Possible hyperon halo in O hypernuclei
n Hartree-Fock-Bogoliubov (HFB) model

ü NN interaction: SIII

ü N! interaction: LY5r "#! = 4.7 MeV fm-

λ0= −76.2 MeV fm/

λ1= 57.5 MeV fm- Ekawa et al., PTEP. 2019, 021D02 (2019)

λ2= 0 or -100MeV fm-λ2=

NN pairing: DDDIü NN pairing: DDDI

V0= -458.4 MeV fm3, 0=0.83, 1=0.51, 20=0.08 fm-3, Ecut= 60 MeV neutron drip line: 24O

ü !! pairing: DDDI volume-type
V0= -139 MeV fm3, 0=0, 1=0.51, Ecut= 60 MeV H. Güven, et al., PRC 98, 014318 (2018)
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ü !! interaction

❗With more attractive p-wave interaction,
the hyperon drip line could be extended.

Possible hyperon halo in O hypernuclei

λ2= 0 MeV fm( λ2= -100MeV fm(
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ü !! interaction

Possible hyperon halo in O hypernuclei

λ2= 0 MeV fm( λ2= -100MeV fm(

❗ 2s and 1d orbits are pulled down from the continuum to
the weakly bound states as hyperon number increases.
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ü !! interaction

Possible hyperon halo in O hypernuclei

λ2= 0 MeV fm( λ2= -100MeV fm(

❗Obvious hyperon shell closure at N=2, 8, 20
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Possible hyperon halo in O hypernuclei

λ2= -100MeV fm'

Ø Hyperon density distribution

❗Obvious increase of the hyperon density from N=8 to N=10
❗ “pairing anti-halo” effect
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Possible hyperon halo in O hypernuclei
λ2= -100MeV fm'

Ø RMS radius of neutron, proton and hyperon

❗quick increase of
hyperon RMS radius,
even larger than
neutron after N=10

❗ “pairing anti-halo”
effect
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Possible hyperon halo in O hypernuclei
λ2= -100MeV fm'

Ø Density of neutron, proton and hyperon in ()*
+,-()O

❗Large tail of hyperon density in HF cal. à large hyperon RMS radius
❗ “pairing anti-halo” effect
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Possible hyperon halo in O hypernuclei
λ2= -100MeV fm'

Ø Density of neutron, proton and hyperon in ()*
+,-()O

❗The weakly bound levels can hold up to N=10 hyperons, which may
form the hyperon halo.



Summary
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• Skyrme energy density functional theory for hypernucleus 
including !N interaction (with spin-orbit interaction) and !!
interaction was developed. The spin-orbit splitting and the !!
binding energy data was reproduced.

• We studied the possible halo orbits of ! hyperon in C, Zr and O
isotopes.
ü C, halo orbits: 1p, 2s (neutron-rich)
ü Zr, halo orbits: 3s, 2d, 1g, almost degenerate. They can

hold even more hyperons than neutrons in the giant
neutron halo.

ü 24O + ! hyperon: !! interaction and pairing are important
to determine the ! drip line and the ! halo.
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stable nuclei ~300 nuclei
unstable nuclei observed so far ~2700 nuclei
drip-lines (limit of existence)（theoretical predictions) ~8000 nuclei

Limit of existe
nce

Limit of existence

r-process p
ath

J Erler et al. Nature 486, 509 (2012)

Introduction Nuclear Landscape
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★ E1 transition from 1p to 1s state

!
"#C Cal. % (1p1/2à 1s1/2) : B(E1) = 0.103 e2 fm2

""Be Exp. n ("+
,
à

"
+
-
) : B(E1) = 0.099 ± 0.010 e2 fm2

T. Nakamura et al., Phys. Lett. B 394, 11 (1997). 26/30

Hyperon halo orbits in C hypernuclei
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NN interaction: SkI4 P.-G. Reinhard and H. Flocard, NPA 584, 467 (1995).

to reproduce the data of NAGARA event: !!
"He

K. Nakazawa and H. Takahashi, PTPS 185, 335 (2010).

N! interaction: Y. Z., H. Sagawa, and E. Hiyama, Phys. Rev. C 103, 034321 (2021) LY5r

λ0= −312.6 MeV fm+SΛΛ1 D. E. Lanskoy, PRC 58, 3351 (1998).!! interaction:

Hyperon halo orbits in Zr hypernuclei

λ0= −50.0 MeV fm+SΛΛ1r λ1= 57.5 MeV fm- λ2= 0

n Hartree-Fock-Bogoliubov (HFB) model

NN pairing:

V0=-300 MeV fm3, /=0.5, 0=0.5, 10=0.16 fm-3, Ecut=70 MeV M. Grasso et al. PRC 74(2006)64317. 
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Hyperon halo orbits in Zr hypernuclei

DDDI nn (pp) pairing are included by the HFB calculation
V0=-300 MeV fm3, !=0.5, "=0.5,
#0=0.16 fm-3, Ecut=70 MeV

M Grasso, S Yoshida, N Sandulescu, and N Van Giai. PRC 74(2006)64317. 

much
smaller
than
$$
%He
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Giant Hyperon halo outside
the giant neutron halo

Hyperon halo orbits in Zr hypernuclei

Y. Z.,H. Sagawa,and E. Hiyama, Prog. Theor. Exp. Phys. 2022 023D01 (2022)
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Possible hyperon halo in O hypernuclei
λ2= -100MeV fm'


