Few-body problem in hypernuclear
physics
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Hypernuclear y-ray data since 1998 Taken by Tamura
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In 2001, the epoch-making data

% He double-hypernucleus
Unique interpretation!!
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has been reported by the

KEK-E373 experiment. _ | 4He — He+p+w
Observation of M5He it \
#ROOFELLR RSN N \-
FITNSLFINAI1—8 o,
CHDRBIRILX—HOOAEBEERD \‘ \".. p
150®§|ﬁwgibb‘gﬁé7ﬁ‘sﬁ7ﬁ‘0f:o \.3" X A\(_.’\Ilc"

a+N\+A\ P 5 "
I . , %\\ ;
i1He
6. 91+0.16 MeV 5] q\?'
O0 5 10 um . : \
"NAGARA'" event \
o* presented by E373(KEK-PS) on Jan.2001

6
6 H wHe H. Takahashi et al., PRL 87, 212502-1 (2001) |
anX1€



Strategy of how to determine YY interaction from the study of
light hypernuclear structure

YY interaction
Nijmegen model D

@ Use @ Suggest reducing the strength of -
spin-independent force by half

Accurate structure calculation

4
compare between the theoretical res@
@ and the experimental data of the biding prediction of new
) energyof jHe @ double A
hypernuclei

Spectroscopic experiments
Emulsion experiment (KEK-E373)
by Nakazawa and his collaborators




-EO7 Approved proposal at J-PARC

“Systematic Study of double strangness systems at J-PARC”
by Nakazawa and his collaborators
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It is difficult to determine ( (1) spin-parity

-

(2) whether the observed state is
the ground state or an excited state

My theoretical contribution
/ using few-body calculation
comparison

Emulsion experiment |«—— | Theoretical calculation

input: AA interaction to reproduce
the observed binding energy ofAiHe

the identification of the state



Successful example to determine spin-parity of
double A hypernucleus --- Demachi-Yanagi event forAioBe

Observation of 10Be - KEK-E373 experiment
AA

Demac u-llanaal event

wtwo body case at point A
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excited state ?

Demachi-Yanagi event



Successful interpretation of spin-parity of J\?\Be
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Spectroscopy of AA-hypernuclei
At J-PARC
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In A interaction, what is important to study?
p-wave state of AA interaction
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Similar with odd-state of
AN interaction



°7 Ops/,
00000 .,

FITIVTLEINAIN—D

FITILS LB INAIN—$D

FhEC AR RE FHEIRRE D
i . SETIORED
S&. COLOWIRENERTROMINIE ROTTERTI
MIEBEERDPpRDIEMNRED, REOMoT3,

°\7 Ops/,
w i M 0sy/,

=l NIT IS LENAS— A EBRTERT 5 ENTESNDT
HNIE. PERAS DB,



THAINAIN—1%[E? -

For the study of =N interaction, it is important to study
the structure of = hypernuclei.
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m Prog. Theor. Exp. Phys. 2015, 033D02 (11 pages)
DOL: 10.1093/ptep/ptv008

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

14N_:_

0 MeV

-4.38 = 0.25 ~-1.10 = 0.25 MeV
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=N interaction: T=0, S=0

1=0, S=1
T:l’ S=0 t=1/2 t=1/2
T=1, S=1 S=1/2 5=1/2
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=N interaction by HAL QCD collaboration
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(Cf. Talked by Doi, provided by K. Sasaki)
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Possible lightest = Hypernucleus with Modern =N Interactions
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Experimental evidence exists that the Z-nucleus interaction is attractive. We search for NNE and NNNZE
hound systems on the basis of the AV8 NN potential combined with either a phenomenological Nijmegen ZN
potential or a first principles HAL QCD ZN potential. The binding energies of the three=body and four=body
systems (below the d+Z and “T/*He 4 = thresholds, respectively) are calculated by a high precision variational
approach, the Gaussian Expansion Method. Although the two Z NV potentials have significantly different isospin
(T) and spin (S) dependence, the NN NZ system with quantum numbers (7' = 0,J% = 1) appears to be
bound (one deep for Nijmegen and one shallow for HAL QCD) below the *H/*He + = threshold. Experimental
implications for such a state are discussed.
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| show my new results of these light systems.

NN interaction: AV8 potential

=N interaction :
Nijimegen extended soft core potential (ESC08c)

Realistic potential (only =N channel)

=N interaction by HAL collaboration (Lattice QCD calculation)
The potential was made by K. Sasaki and Miyamoto.



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

V(T,S) ESCO08c HAL

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

T=0, S=0| weakly repulsive Strongly attractive

T=1, S=1| strong attractive Weakly attractive

T=1, S=0| weakly repulsive Weakly repulsive

Although the spin- and isospin-components of these two models
are very different between them.

It is interesting to see the difference in the energy spectra in s-
shell = hypernuclei.



” » T=1/2, J=1/2* and J=3/2*
a ESCOSC

Unbound
0 MeV d+ = 0 MeV

No bound state

J=3/2%
J=1/2+

d+ =

-2.57 MeV




0 MeV

” ° T=1/2, J=1/2* and J=3/2*
a HAL potential

0 MeV

d+ =

No bound state

J=1/2+

J=3/2*
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HEMNSINHDHDS=-1, S=-2DtHFE

(personal view)
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