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Outline of my talk

“present status in S=-1 hypernuclei and YN interaction

“present status in S=-2 hypernuclei and YY interaction
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*AN—2N coupling

Vynan=VanantVansnt Vsnesn

S=-1 . )3 Mass is smaller.
It is expected that
80 MeV \-2 conversion
might affect
A in structure of
N\ hypernuclei.

AN-2N coupling is key issue to construct
YN two-body interaction completely.

Probability of A in nucleiis
not large.



Role of the AN-2N interaction

* Three-body effect
Question : How large is the 2-excitation as effective three-body
ANN force?

N, A N, N @ N, A N, N

O 2 e 5

N, A N, N; N, A N, N,
Effective two-body force Three-body force

In the neutron matter or neutron star, three-body force
might play important role.

This means that the three-body force is a key to solve
‘hyperon puzzle’.

How do we obtain information on AN-ZN coupling ?
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By experiment at Mainz bindingenergy of A [MeV]

0 MeV d+A

1/2*

0.41%+0.12 £0.11 MeV

STAR collaboration : Nature Physics 16, 409(2020)
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How do we obtain information on AN-ZN coupling?

(1)YN scattering experiment, Femtoscopic experiment
(2) To study neutron-rich A hypernuclei

Why neutron-rich A hypernuclei ?

For example, He 7 He
o 0 ° 0O 0
N _
“He t=0

T=1 Total isospinT=1

2 component is included.

t=1
Isospin of neutron-rich core nuclei is large. Then, Z probability in
corresponding A hypernuclei would be larger.
Then, A neutron-rich hypernuclei are the best suited for study AN-

2N coupling.
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5Be | 7Be | $Be [|%Beflf 3Bl B2 Bl B/

$5(29 HelXETHEEE

N

These neutron-rich A hypernuclei are important and request to observe them
at J-PARC.
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Theory side: Collaboration with T. Myo
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| ”
AH LAH] SR 3H L8 5H

N
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By neutron-rich A hypernuclei, we could obtain information on
long-range tail of AN-ZN coupling. Long-range part of ANN three-body force

Short-range part of AN-2N coupling=short-range part of ANN three-body force

R EREOHREICEEELRECD, => LYBNSLE N/ SA—KOHFEA
BE =>PREICEIROES
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Outline of my talk

“present status in S=-1 hypernuclei and YN interaction

“present status in S=-2 hypernuclei and YY interaction




Next step: S=-2 sector

1S, of A\ interaction:
‘ ‘ ‘ ‘ attractive

[1] K. Nakazawa, et. al., Prog. Theor. Exp. Phys. 2015, 033D02 (2015),
E. Hiyama and K. Nakazawa, Ann Rev. Nucl. Part. Sc1. 68, 131 (2018).

1lBe




In 2001, the epoch-making data
has been reported by the
KEK-E373 experiment.

Observation of MGHe

HRPODOFERLEZLFEREINT:
FTIWSLZEINAIN—%;
CORBIRILXT—DOAMBEERD
1S, DB HDEELLEESH Mo T=,

6. 91+0.16 MeV

O+

S He

S He

% He double-hypernucleus
Unique interpretation!!

E + "*C— %He +*He +t
S2He — ‘He +p+ 1

S

- N,
0 TH :
1He
5 - \E'
\\ :‘
0 . \

0 5 10 m

"NAGARA" event \

presented by E373(KEK-PS) on Jan.2001

.

H. Takahashi et al., PRL 87, 212502-1 (2001) I



-EOQ7 Approved proposal at J-PARC

“Systematic Study of double strangness systems at J-PARC”
by Nakazawa and his collaborators

EO7RERDEEITP. R ET—INHTETW S, >PEKICLDFEE

It is difficult to determine

Emulsion experiment

-

comparison

[ (1) spin-parity

(2) whether the observed state is

the ground state or an excited state

My theoretical contribution
/ using few-body calculation

ﬁ

Theoretical calculation
input: AA interaction to reproduce
the observed binding energy ofAiHe

the identification of the state




Baa= 20.83%+1.27 MeV(Hida event)

00

@ J.K.Ahn, et al., PRC88,014003(2013)
B,,=19.07+0.11 MeV

° H. Ekawa et al., PTEP2019,021D02(2021)

1lBe

AN



Core nucleus, °Be is well described as
a +a + n three-cluster model.

Then,'Be is considered to be suited for
studying with a +a + n +A +/A 5-body model.

Difficult 5-body calculation:
1) 3 kinds of particles (a, /A, n)

2) 5 diff t kinds of int ti
/) Ifferent kinds of interactions

3) Pauli principle between a and a,
and between a and n
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_ E. Hiyama, M.
SpeCtrOSCOpy Of AN Kamimura, T.Motoba, T.

hypernuclei Yamada and Y.
Yamamoto
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1S, CDERDILIREST=,
S P RMAEERA. M-ENFBEEADIERANE

S=-1
>
80 MeV
A\
S=-2 _
25MeV

AN




In A\ interaction, what is important to study?
p-wave state of AA interaction

2.5

M/M

0.51

0.0—

2.0

@ 1.5

J10348+0432 -

J1614-22301

1.0

—Type | H. Togashi, E.H.,

I %Ei% Y. Yamamoto, and M. Takano,
S Type;l PRC93, 035808 (2016).
--—free Y

-- without Y

5

| 10 15 |
R [km]

TYPE1:attractive= TYPE2:less attractive™TYPE4:repulsive

MIEERDPET20%IFEREF2
D REENELS,

¢

Similar with odd-state of
AN interaction
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For the study of =N interaction, it is important to study
the structure of = hypernuclei.

LML, 2015FF T, I HAM/N\AN\—HAEREIKREEELT
FKEINE=CENEMOT=,
ZN=&H . =ENFBEERANSI A F IR hoidh o=,




The first measurement of bound = hypernucleus,
1AN-=,

14N-=-

0 MeV

-1.03 £ 0.18 MeV
or
3.87 £ 0.21 MeV

Prog. Theor. Exp. Phys. 2015, 033D02 (11 pages)
DOT: 10,1093/ ptep/ptvD0E

The first evidence of a deeply bound state e
of Xi——!¥N system

K. Nakazawa'*, Y. Endo!, S. Fukunaga®, K. Hoshino', S. H. Hwang®, K. Imai”, H. Ito',
K. Itonaga', T. Kanda', M. Kawasaki', J. H. Kim*, S. Kinbara', H. Kobayashi',

A. Mishina', 8. Ogawa®, H. Shibuya®, T. Sugimura', M. K. Soe', H. Takahashi”,

T. Takahashi”, K. T. Tint', K. Umehara'. C. S. Yoon*, and J. Yoshida'

IF.frysIcs Department, Gifit University, -1 Yanagidoe, Cifit 300-1193, Japan

*Department of Physics, Toho University, Funabashi 274-8510, Japan

3 Advanced Science Research Center, JAEA, Tokai 319-1195, Japan

*Department of Physics, Gyeongsang National University, Jinju 660-701, Korea
3 Institute of Particle and Nuclear Studies, KEK, Tsukuba 305-0801, Japan

E-mail: nakazawa@gifu-u.acJp We understood =-nuclear
Receved October 27, 2014; Revised December 25, 2014; Accepted January 9, 2015; Published March 5, 2015 potent|a| ShOUId be attractlve,




\ Level scheme of E hypernucleus (155(: [E°-14N])

Experimental data (MeV)
© -0.17 : atomic 3D
i : nuclear p-state
~ | 1.03%+0.18 1.27+0.21 —
7
55
=< | § co L |
= 3.87£0.21
S O "rQ [3]
f— LP | 3 o 1] _ .'J
- L 4.96x0.77 4 | nuclear s-state
Q [1] 6.27+0.27 '1
ol > -
(]
o 8.00+0.77 £
[ im % -~ -
A e
i . L oc -
I 1 1 1 1 1 1 | | 1
[1] K. Nakazawa, et. al., Prog. Theor. Exp. Phys. 2015, 033D02 (2015),
E. Hiyama and K. Nakazawa, Ann. Rev. Nucl. Part. Sci. 68, 131 (2018).
[2] S. Hayakawa, et. al, Phy. Rev. Lett., 126, 062501 (2021).
[3] M. Yoshimoto, et. al , Prog. Theor. Exp. Phys. 2021, 073D02 (2021).
Slide by Nakazawa After observation of Kiso event, they observed several

events of 1“N-= hypernucleus.
Some are observed as excited state and
some are observed as ground state.



After observation of 1'B-=(J-PARC-E70 exp.), we want to know
V, term, first.

Voy=[VoHo oV, ., + Tt tV...+ (o70)(t7) V

00 T°"T

the (67 0), (t*t)and
(6*0) (t-t) terms of
V- Vvanish

by folding them
into the a-cluster

wave function that are

spin-, isospin-satulated.

problem : there is NO target to produce them
by the (K, K*) experiment .

Because, ="



To produce a=" and aoa="systems by (K-, K*) reaction,

K+

These systems
are unbound.

Then, we
K+

cannot use

them as

targets.




As the second best candidates to extract information

about the spin-, isospin-independent term V,,, we
propose to perform... K*

K-

®0
@0

71§ (T=1/2)

" 2o

TH (T=3/2)

5

108 (T=0)

Why they are suited

for investigating V,?

.2

101 (T=1)




(more realistic

illustration) core nucleus SHe is known to be halo
G 0 nucleus. Then, valence neutrons are located
far away from a particle.

g Valence neutrons @pre located in p-orbit,

whereas =particle elocated in Os-orbit.

7H (T=3/2)
= Then, distance between = and n

ﬁ is much larger than the interaction range of
= and n.

QEQ Then, a= potential, in which only V, term

works, plays a dominant role in the binding

101j (T=1) energies of these system.



=N interaction

Nijmegen potential : Nijmegen model-D(ND),
Extended soft core '04d

HAL potential(Base on Lattice QCD potential:HAL collaboration)
by K. Sasaki, Miyamoto, T. Doi, T. Hatsuda et al.

VEszo(r)'l'(GE ) GN)VS(I‘)+(TE ) TN)Vt(r)+ (03 - GN)(TE ) TN)VtS(I‘)
All terms are central parts only.

20

10

YT Y )
B

0

=10

= 3.range Gaussian = 3-range Gaussian
Yukawa ™ 2(pion) Yukawa ™ 2(pion)

= Total = Total

=20

=30

00 05 10 15 20 25 10 Joo 05 10 15 20 25 10 00 05 10 15 20 25 30



Property of the spin- and isospin-components of ESC04, ND,HAL

V(T.S) ESC04 ND HAL

T=0,S=1 |strongly attractive ) Weakly attractive

(a bound state)

T=0, S=0 weakly repulsive _ Strongly attractive
weakﬁly attractive

T=1, S=1 weakly attractive Weakly attractive

T=1, S=0 weakly repulsive

Weakly repulsive

Although the spin- and isospin-components of these potentials are

very different (due to the different meson contributions),

we find that the spin- and isospin-averaged property,

Vo= [V(0,0) +3V(0,1) + 3V(1,0) + 9V(1,1) ] / 16,

namely, strength of the V- term is similar to each other.



7+i E. Hiyama et al.,

4-body calculation of _
= PRC78 (2008) 054316

ESC0O4
MeV ND
171 CNENTE ey HAL
oa+rn+n+-:=
6HEE+-:

1/2%
6 ©
Similar binding
energies using ND and
In experiments, @ ESCO4.
we can expect However, decay width is dependent on

a bound state. on employed =N potential



10Li E. Hiyama et al.,

4-body calculation of - PRCTS (2008) 054316

ESC04d
MeV ND

o+ o+ n+-=
517__-__;___-'_ MeV o+ o+ n+=
3.60------ Be+=z_ 7 86 ____9 _____ T
Be + =
132 ----- 1o

10| Similar binding
= energies using ND and
ESCO4d.

Independent on employed
=N potential
But, decay width is dependent on
employed =N interaction.

In experiments,
we can expect
a bound state.



In this way, the binding energies of = hypernuclei with
A=7 and 10 are dominated by aZ= potential, namely,
spin-, and iso-spin independent =N interaction (V,).

J-PARC P-75: spokesperson: Fujioka K*
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*S=-1 sector

- YNEXELEER+Femtoscopic exp.
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AN—2ZN coupling Mlong-range part(ANN®Ilong-range part)
BT LIFNAIN—F%

ANN@short-range part

*S=-2 sector:
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HEMNMSINSDS=-1, S=-2DHRK

(personal view)
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T S

[/

V, = [ V(0,0) + 3V(0,1) + 3V(1,0) + 9V(1,1) ] / 16,

which partial contribution makes attractive for Vv, ?

=N interaction: T=0, S=0

1=0, S=1

T=1, S=0 t=1/2 t=1/2

T=1, 5=1 5=1/2 2

we have a two-body bound state for =N system?
Cf. NN interaction No idea

T=0, S=0
T=0, S=1 strong attraction to have a bound state
T=1 S=0 as a deuteron

7=1,5=1



Property of the spin- and isospin-components of ESC08 and HAL

V(T,S) ESCO8c HAL
T=0,S=1 |strongly attractive Weakly attractive
T=0, S=0 weakly repulsive Strongly attractive
T=1,5=1 strong attractive Weakly attractive
T=1,5=0 weakly repulsive Weakly repulsive

Although the spin- and isospin-components of these two models are

very different between them.



To investigate bound state of =N system, it might be
possible to perform the following experiment:

0 ° T=1, S=0 or S=1
K+
/ ;

It would be difficult to obtain information on =N interaction (T=1,5=0 or 1).
Because, there might be no bound state for this system.




e ° T=1,S=0o0r S=1

We can add a a.
Due to the attraction of a= and aN interactions,
=N system might have bound system.

K- /
o © o0

Experimentally,
It is possible to
produce = hypernucleus.

K+

oLi



0.89 MeV

3/2
OMeV a+Z+n OMeV a+=+n
0 MeV an (ZN)+a 1.22
-1.56 MeV s
res/n 56 Me \ (aZ)+n
1 E=-2.85,1=0.94
° ) Nearby threshold
) resonant state
/” ‘o, »-/ E=-5.75,T=1.31
.. ° HAL
ESCO8C =
Os
SHe ”
T=1,5=1

dominate T: 1



° ° e ° T=0,5=0 or S=1

We can obtain
information on
T=0, S=0 and S=1
=N interaction.

6L
OMeV o+=+n OMeV o+=+n
(=N)+a (aZ)+n
-1.56 MeV -1.22
unbound =1 E=-1.47, =0.08 T=0,5=0 of =N
interaction
ESCO8C HAL dominate

To obtain information on

a ° two-body =N interaction,

®Li target is better.



