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2 We want to theoretically investigate the constraints on the kaonic atom optical
potential deduced from the latest data. Our aim is to understand the meaning of
the data and its impact on the physics of kaon-nucleus systems.

2 We consider the phenomenological optical potential as the kaon-nucleus potential.
We obtain the potential parameters necessary to reproduce the experimental data.

Kaonic *He and “He (J-PARC EG62)

2 Using the potential, we investigate the structure of the kaonic atoms for various
nuclel up to Sn.

2 Since the atomic |s states are more sensitive to the strong interaction than the 2p
states, we can expect to obtain further information by the study of the 1s states.
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¢ Nuclear density

4 “He and 3He nuclear density

[E. Hiyama, Y. Kino and M. Kamimura, Prog. Part. Nucl. Phys. 51, 223-307 (2003)]
[E. Hiyama, B. F. Gibson and M. Kamimura, Phys. Rev. C 70, 031001 (2004).]
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¢ Exp. data vs. theor. results
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0.4

Kaon-Nucleus Interaction

p(r) [fm-3]

2 “He and 3He nuclear density

[E. Hiyama, Y. Kino and M. Kamimura, Prog. Part. Nucl. Phys. 51, 223-307 (2003)]
[E. Hiyama, B. F. Gibson and M. Kamimura, Phys. Rev. C 70, 031001 (2004).]

» Kaon-nucleus potential : Phenomenological Type Upg(7)
. parameter

0o = 0.17 fm ™"

2 Using this simple Tp potential, we try to reproduce the J-PARC E62 data.

—V* + p” 4 2uUpn (1)|0(r) = [E — Ve (r)]*6(r)
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J. Yamagata-Sekihara et al, in preparation

shift = (Eg5™ — Ege'™*™) — (Bsa' — Esp)
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J. Yamagata-Sekihara et al, in preparation
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¢ Isospin dependence of potentials
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J. Yamagata-Sekihara et al, in preparation
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. Comblned study of 3He and 4He )
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¢ Discussion on kaonic atom optical potential

2»Kaonic 1s atoms in SHe and 4He

> HE3-A: (-178, -274), HE3-B : (-300, -95)

2>Kaonic atoms In heavier nuclel

€® IS-A: (-90,-120) MeV
€ IS-B: (-280,-70) MeV

2>Kaonic nuclel
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. KaOnlc 1s atoms

HE3-A: (-178, -274), HE3-B : (-300, -95)

HE4-A: (-58, -56),

HE4-B : (-287,-43)

3He [keV] Electromagnetic state HE3-A HE3-B
Atomic state E E I E I
s —44.7484 —38.1513 | 56302 | —38.6419 | 11.5738
2 ~11.1951 111949 | 2.50 x 103 | —11.1949 | 2.49 x 10-2
Fop 15 33.5533 26.9564 27.4470
AFE —6.9969 —6.1063
‘He [keV] Electromagnetic state HE4-A HE4-B
Atomic state E E I E I
ls —46.5017 —40.1397 |  5.2094 | —37.0823 | 4.6799
2p —11.6242 116244 | 1.01 x 1073 | —11.6244 | 9.99 x 10~
Eop 415 34.8775 28.9153 25.4579
AFE —6.0564 —9.4196

The 1s states are found to exist as the discrete states
as In the case of the deeply bound pionic atoms !
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HE3-A: (-178, -274), HE3-B : (-300, -95)

. KaOnlc 1s atoms

HE4-A: (-58, -56), HE4-B: (-287,-43)

3He [keV] Electromagnetic state HE3-A HE3-B
Atomic state E E I E I
ls —44.7484 | 5 6302 ‘.'f""',".‘ui' _11 ; 538 .
2p —11.1951 —11.1949 | 2.50 x 103 | —11.1949 | 2.49 x 10-3
Fop 15 33.5533 26.9564 27.4470
AF —6.5969 —6.1063
‘He [keV] Electromagnetic state HE4-A HE4-B
Atomic state E E I E I'
Ls —46.5017 —40.1397 | 5.2594 G-—376823—P 4.6759
2p —11.6242 11,6944 | 101 x 108 | —11.6244 | 9.99 x 104
Eop 415 34.8775 28.5153 25.4579
AFE —6.0564 —9.4196

We found that the energies of the s atomic s‘ca‘t~ show some differences for
the two potentials both for 3He and 4He cases!
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¢ Kaonic Atoms In heaven nuclel
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¢ Results (2<7<6)

Shift Wiadth 3d — 2p

1.2 ' ' . .
—0—~ EXP DATA / —0—~ EXP DATA /%
1} / - /
sl T (Vo,Wo0)=(-90,-120) / | 15} = (Vo,Wo0)=(-90,-120) /
> >
E) 06} == (Vo,Wo)=(-280,-70) / Q - = (Vo,Wo0)=(-280,-70) /
= =
= 04} 5
@ =
0.2} 05l
oL
-0.2 ' 0 '
2 3 4 ) 6 6
Atomic Number (2) Atomic Number (2)

J. Yamagata-Sekihara et al, in preparation
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¢ Results (8<7<17)
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J. Yamagata-Sekihara et al, in preparation
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¢ Results (27<72<29)
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¢ Results (47<72<50)
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With the potential parameter (Vo,Wo)=(-90,-120),
we can well reproduce the experimental data !l vamagata-sekinara et al, in preparation
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Summary

2 We theoretically investigate the constraints on the optical potential of kaonic
atoms deduced from the latest data, in order to understand the meanings of the
data and its impacts on the physics of kaon-nucleus systems.

2 We obtained the kaon-nucleus potential at E = m, that reproduces the precise
experimental data of J-PARC EGZ.

2 We calculated the atomic 1s states in 3He and 4He using the potential parameters
HE3-A, -B and HE4-A, -B.
We found that the |s states exist as the discrete states and they will provide the
further information on the optical potential.
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Summary

2 We also studied the kaonic atoms in heavier nuclel and found that the

(Vo Wo) ( 90,- 120) are better surted for the global descrlptlon of the kaonlc atoms
in the W|de range of the perlodlc table

The |IS-A parameter set has the relatively weak real part and strong imaginary part.

2 Based on the present study of the kaon-nucleus bound systems by the optical
potential framework, we conclude that the further studies of the kaonic atoms
especially 1s states in 3,4He are interesting and important to determine the
kaon-nucleus interaction decisively and to develop the unified understandings of
the kaonic atoms and kaonic nuclel.
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