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Our understanding for ¥ hypernucleli

B There is a X hypernucler state.
- ZN(I1 =1/2, 3S,) may be a threshold cusp.
> A strange partner of the deuteron
- A bound state of y*He with 7'=1/2, J*=07 is established.
> A strange partner of the a particle
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Our understanding for ¥ hypernucleli

B There is a X hypernucler state.
- ZN(I1 =1/2, 3S,) may be a threshold cusp.
> A strange partner of the deuteron
- A bound state of y*He with 7'=1/2, J*=07 is established.
> A strange partner of the a particle

B There 1s a strong 1sospin dependence of XZ-nucleus
potentials 1n light nuclei, but no narrow bound states are in
the reactions from °Li and °Be targets (A > 4).

B >-nucleus potentials may be repulsive in heavier nuclei.
- Repulsion (caused by 7=3/2, 3S,) inside the nuclear
surface and an attraction outside the nucleus.
- Consistent with (7—,K*) spectra and X~ atomic x-ray data.



Inclusive spectrum in 8Si(x—, K*) reaction at 1.2GeV/c
Exp. Data from P.K.Saha, H. Noumi, et al., PRC70(2004)044613
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* Recently, we demonstrated the inclusive and 2-A
conversion spectra in the *He(K~,7") reaction at p___
=1.5GeV/c at J-PARC in order to obtain evidence for
P-wave X resonant states of the y*He hypernucleus.

[T. Harada, Y. Hirabayashi,PLB740 (2015) 312.]

In this talk,

 We focus on a pole position of the S matrix for a y*He
hypernucleus on the Riemann sheets in the complex E
plane in order to see the structure of S- and P-wave states
In Z-hypernuclel.

This state Is identified as a S-wave X quasibound
24He (or unstable bound) state with J = 0+, T ~1/2.
How about P-waves ? (no information)




Why do we study 2 hypernuclear states ?

» The advantage of X hypernuclear study in the (K-, n")
reaction at 1.5GeV/c in the J-PARC facilities

I. Large cross sections for £ production
- do(Z) at 1.5GeV/c = 10 X do(Z7) at 0.6GeV/c
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Why do we study 2 hypernuclear states ?

» The advantage of X hypernuclear study in the (K-, n")
reaction at 1.5GeV/c in the J-PARC facilities

I. Large cross sections for £ production
- do/dQ(1.5GeV/c) = 10 X da/d(0.6GeV/c)

1I1. Momentum transfer that we controlled
- depending on angular distributions
- P-wave X states are rather excited.

111, Strange partner of the o particle
- Nuclear SU(4) supermultiplet: 4®4=1415



Momentum transfer ¢y for X production

500 I I I | I I I | I I ‘ I

R 010 =12° o g
- glab_ oo 4He(K T ) :
400 — tad —
- O 4° -
: - 6llaaub: . ...."':
L 300 = 290MeVie e .
;:,_ - '.' ,..-: ]
L - PPt ——
S| O ]
120 MevieT-~ i ]
100 | 4 | —
0 i :I ] ] | | ] ] ‘ ] |

0.0 0.5 1.0 1.5 2.0

pg- (GeV/c)



Is there P-wave X excited states ?
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Properties of X-nucleus potentials



Remarks

B Properties of the Z-nucleus potentials

1

Us(r) = Us(r) A
/

“repulsion inside the nuclear surface”

“shallow attraction outside the nucleus”

>-3N potential:
the <*He bound state
with T=1/2, J*=0*

Strong Lane (isospin-dependent) potential
and Coherent A-X coupling
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Lane and A-Y coupling terms in the 3N-Y potential

Microscopic folding model based by g-matrix D2’g: g?# gsA,T,’fN
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Coherent A-X coupling in s-shell A hypernuclel

. . . . . . N A N
“The 0*-1* difference is not a measure of AN spin-spin interaction.”
by B.F. Gibson
ANN 2
4 H e three-body force
4
wnitinmevy (4 H) A N A N
0.0 . —
0168 1+ '01-§8 -0.70
ol o 11;3 11;4 AT —_— 070 1
-1.24 -1.08 e - -1.20  -1.21
—— | —  — — —— -0.97
Spin-spin , ¢ 38 -1.04 0+
A 0* _\ -1.43
ANN force i 0.86 Coherent coupling Coherent coupling 0+ Coherent coupling Coherent coupling
— —_— 2271 210 218
'239 '228 0+ O+ O+ _251
o* o* 0
=1.99 =0.79 Pohs =0.9% P =2.0%
phenomenological P =1.9% Prons = 0.7% hx 0 wns = 2.0%
EXp. VitV
V = 6.20 D2 SC97¢e(S) SCI71(S) SC89(S)
VMC [ Breuckner-Hartree-Fock ]
R. Sinha, Q.N.Usmani, Y. Akaishi, T.Harada, S.Shinmura, Khun Swe Myint,

NPAG684(2001)586¢ PRL84(2000)3539



Calculations

for pole search on multichannel Riemann sheets



Solving the multichannel Lippmann-Schwinger equation

Lippmann-Schwinger equation

) = Jou) +
Partial wave expansion
RQQ(A,B:T) — ka‘rjf(kar)&%a

> [ g i 0 () R 1

Green s function for ,B channel with boundary conditions
Pearce, Gibson, PRC40(1989)902
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Interconnection of the sheets on crossing the real £ axis

©

(Im py, Im pg+,Im pyo)
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(=) --- bottom sheet

(D

Badalyan, Kok, Polikarpov, Simonov,
Phys. Rep. 82(1982)31

near the X threshold
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Poles of the S matrix of Z“He on Riemann Sheets
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Results and discussion

Pole behavior on Riemann sheets



Poles trajectory of the S matrix of ;*He on Riemann Sheets
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Poles trajectory of the S matrix of ;*He on Riemann Sheets
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Poles positions of the S matrix of ;*He

Case Ng Ni Sheet [— — +] Sheet [— — —]
EE+ EED %FE EE— EEO %FE
(MeV)  (MeV)  (MeV) (MeV)  (MeV)  (MeV)
A 0.6 0.9 +2.8 +0.0 5.9 +2.3 —0.4 5.3
A’ 0.6 0.0 +3.8 +1.1 5.7 +3.9 +1.1 4.9
B 0.0 0.9 +2.9 +0.2 7.7 +2.9 +0.2 7.8
C 1.0 1.0 +1.4 —1.3 4.3 +1.4 —1.3 3.1

Probability of the channel  component

Ps = / D (r)[Fredr
0

S / 65(r) Pr2dr = 1
g Y0

2. resonant state

f = 3He-A, [*H-X*, 3He-X°
[-—+] 23% | 68% 9%
[-——-] 25% 49% 26%
a. = 1.65 fm



Poles trajectory of the S matrix of ;*He on Riemann Sheets
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Poles of the S matrix of Z“He on Riemann Sheets

> quasibound state pole

Jr=0* | [-+ +] sheet

J'=1-| [- — ] sheet X resonance pole 2~ anti-resonance pole

(not observed)

-

................

Es, = +2.4 — i4.9 MeV Es, = +1.4 — i3.1 MeV



2-production spectra

*He(K-,m") reactions at 1.5 GeV/c



Coupled-channel calculations in one-step process

- T.Harada, NPA672(2000)181 Kt
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Inclusive spectrum in *He(K-, t-) reaction at 1.5GeV/c
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Inclusive spectrum in *He(K-, t-) reaction at 1.5GeV/c
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Inclusive spectrum in *He(K-, t-) reaction at 1.5GeV/c
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Conversion spectrum in *He(K-, ©-) reaction at 1.5GeV/c
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Remarks

We have indicated the existence of the p-wave X resonant

state in y*He with J = 1-, T =~ 1/2, of which the poles are
located near

. Es . =+2.8—i 5.9 MeV
=1 on the third Riemann sheet
[— — —] sheet [——]

and

Es =+2.3-i5.3 MeV
on the fourth Riemann sheet

-]

in the complex £ plane.

Es, = +2.4 — {49 MeV



Summary

 We have shown that a promising signal of the *He
resonant state could be clearly observed above the X
threshold in the conversion spectrum by the tagged-
/A measurements.

* The angular distributions of the inclusive and
conversion spectra provide significant information
on the nature of the p-wave resonant state and the -
nucleus potential.

* This work is the first attempt to search for a p-wave
Y. resonant state. We expect that such *He(K~, ")
experiments are carried out at J-PARC facilities In

the near future.






