
May 13-17, SPICE : Strange hadrons as a Precision tool for strongly InteraCting systEms

/22

Junko Yamagata-Sekihara (Kyoto Sangyo University)

Investigation of kaonic atom optical potential by 
the high-precision data of kaonic 3He and 4He

1

(Paper in preparation by J. Yamagata-Sekihara, Y. Iizawa, D. Jido, N. Ikeno, T. 
Hashimoto, S. Okada and S. Hirenzaki)



Junko Yamagata-Sekihara /22May 13-17, SPICE : Strange hadrons as a Precision tool for strongly InteraCting systEms 2

Kaonic atom data and kaon-nuclus potential
Kaonic atoms carry important 
information concerning the  - 
nucleon interaction in the nuclear 
medium. 

This information is very important 
in understanding kaon properties 
at finite density. 

There are kaon-nucleus potentials 
that can well reproduce 
experimental data. 

K−

C. J. Batty, E. Friedman, A. Gal, Phys. Rept. 287(97)385 S. Hirenzaki, Y. Okumura, H. Toki, E. Oset, and A. Ramos,
Phys. Rev. C61(00)055205

χ2 fitting potential Chiral Unitary potential

Well reproduced!!
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J-PARC E62 experiment

• High-precision measurement of  
                             kaonic  and . 

• Measured X-rays from 3d to 2p atomic state.

3He 4He

T. Hashimoto et al., Phys. Rev. Lett. 128, 112503 (2022)

We theoretically investigate the 
information regarding the kaon-nucleus 
potential deduced from J-PARC E62.
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Motivation
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. 

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

                                   

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

Since the atomic 1s 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.

Kaonic  and  (J-PARC E62)3He 4He
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Nuclear density
 4He and 3He nuclear density

[Ramos, Oset, Nucl. Phys. A671(00)481] 
[Hirenzaki, Okumura, Toki, Oset, Ramos, Phys. Rev. C61(00)055025]

[Batty, Friedman, Gal, Phys. Rept. 287(97)385] 
[Mares, Friedman, Gal, Nucl. Phys. A770(06)84]
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[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).]

Chiral unitary pot.

<latexit sha1_base64="oBo7U9dIEu9uuoGXrr4fzVsAeAA="></latexit>
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4
He

Real part Imaginary part

<latexit sha1_base64="xmHOcLUa3KRJ7a/pbv5ZYRyUSJc="></latexit>

�2 fitting pot

Chiral unitary pot.
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�2 fitting pot
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Exp. data vs. theor. results
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<latexit sha1_base64="Nyvz96rzGzf+QER811gtJSYkRi0="></latexit>

width = �2p

T. Hashimoto et al., [J-PARC E62], Phys. Rev. Lett. 128 , 112503(2022)

<latexit sha1_base64="aNOyp4AigWYmOzy/GU4UKVL+y/Y="></latexit>

shift = (Eopt+em
3d � Eopt+em

2p )� (Eem
3d � Eem

2p )

<latexit sha1_base64="Oy4dQMFpg2JPxasnpMGwUrGb/DU="></latexit>

[�r2 + µ2 + 2µU(r)]�(r) = [E � Vem(r)]
2�(r)

“Shift” positive means “attraction”.
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�2 fitting pot
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�2 fitting pot
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Chiral unitary pot.
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4He and 3He nuclear density  

 Kaon-nucleus potential : Phenomenological Type 

 

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

7

Kaon-Nucleus interaction
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UPH(r)
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[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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Calculated results : 3He <latexit sha1_base64="kGYaxhlc/I9MZPY5gaYnBx5IoX8="></latexit>

UPH(r) = (V0 + iW0)
⇢(r)

⇢0

<latexit sha1_base64="aNOyp4AigWYmOzy/GU4UKVL+y/Y="></latexit>

shift = (Eopt+em
3d � Eopt+em

2p )� (Eem
3d � Eem

2p )
J. Yamagata-Sekihara et al, in preparation

Exp data Exp data

HE3-AHE3-A

HE3-A

HE3-B

HE3-B HE3-B

Shift Width

T. Hashimoto et al., Phys. Rev. Lett. 128, 112503 (2022)

♦ : (V0, W0)  
        HE3-A  :  (-178,-274)   [MeV] 
        HE3-B  :  (-300,-95)     [MeV]  
      (This parameter can reproduce  
                        the experimental data.)
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Calculated results : 4He <latexit sha1_base64="kGYaxhlc/I9MZPY5gaYnBx5IoX8="></latexit>

UPH(r) = (V0 + iW0)
⇢(r)

⇢0

<latexit sha1_base64="aNOyp4AigWYmOzy/GU4UKVL+y/Y="></latexit>

shift = (Eopt+em
3d � Eopt+em

2p )� (Eem
3d � Eem

2p )
J. Yamagata-Sekihara et al, in preparation

Shift Width

HE4-AHE4-B HE4-AHE4-B

HE4-AHE4-B

● : (V0, W0) 
        HE4-A  :  (-58,-56)   [MeV] 
        HE4-B  :  (-287,-43)     [MeV]  
     (This parameter can reproduce  
                        the experimental data.)

T. Hashimoto et al., Phys. Rev. Lett. 128, 112503 (2022)



Junko Yamagata-Sekihara /22May 13-17, SPICE : Strange hadrons as a Precision tool for strongly InteraCting systEms

Isospin dependence of potentials

10

<latexit sha1_base64="5VcaIGzegGweDC3gYd8QPuESdt8="></latexit>

Ũ(r) = [Ṽ0 + iW̃0]
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(Ṽ0, W̃0)

<latexit sha1_base64="AdV65A5vmipnPhVdLQtxFqg1AJ0="></latexit>
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　　　　　    are large and  
they could indicate the existence 
of the relatively large isospin 
dependence in the kaon-nucleus 
optical potential.
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Reproduce 
 and  within the errors!! K− −3 He K− −4 He

Combined study of 3He and 4He
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J. Yamagata-Sekihara et al, in preparation
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Combined study of 3He and 4He

12
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Discussion on kaonic atom optical potential
Kaonic 1s atoms in 3He and 4He 

Kaonic atoms in heavier nuclei 

Kaonic nuclei

IS-A :  ( -90, -120) MeV
IS-B :  ( -280, -70) MeV
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HE3-A : (-178, -274), HE3-B : (-300, -95)
HE4-A: (-58, -56),      HE4-B : (-287,-43) 
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Kaonic 1s atoms
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The 1s states are found to exist as the discrete states  
                                                            as in the case of the deeply bound pionic atoms !!

HE3-A : (-178, -274), HE3-B : (-300, -95)
HE4-A: (-58, -56),      HE4-B : (-287,-43) 
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Kaonic 1s atoms
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HE3-A : (-178, -274), HE3-B : (-300, -95)
HE4-A: (-58, -56),      HE4-B : (-287,-43) 

We found that the energies of the 1s atomic states show some differences for 
the two potentials both for 3He and 4He cases!
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Using the parameters 
 
 
 
we calculate the shift and width. 

Nuclear density distribution 
(Woods-Saxon type)

Kaonic Atoms in heaven nuclei 

16

C. J. Batty, E. Friedman, A. Gal, Phys. Rept. 287(97)385 S. Hirenzaki, Y. Okumura, H. Toki, E. Oset, and A. Ramos,
Phys. Rev. C61(00)055205

χ2 fitting potential Chiral Unitary potential
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Results (  )2 ≤ Z ≤ 6
<latexit sha1_base64="kGYaxhlc/I9MZPY5gaYnBx5IoX8="></latexit>
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J. Yamagata-Sekihara et al, in preparation
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3d ! 2p
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4f ! 3d

Results (  )8 ≤ Z ≤ 17
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Summary
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. 

 We obtained the kaon-nucleus potential at  that reproduces the precise 
experimental data of J-PARC E62. 

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 1s states exist as the discrete states and they will provide the 
further information on the optical potential. 

E = mK
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Summary
 We also studied the kaonic atoms in heavier nuclei and found that the 
(V0,W0)=(-90,-120) are better suited for the global description of the kaonic atoms 
in the wide range of the periodic table.  
The IS-A parameter set has the relatively weak real part and strong imaginary part. 

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 nuclei.
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