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Meson In huclel

meson: quark-antiquark (gg) pair

. In nuclel, mesons are viatual particles
and form nuclear potential (Yukawa theorem)

. |n vacuum, mesons are real particles
having own Intrinsic masses (cf. meson beam)

Can meson be a constituent particle forming nuclei?

If yes, how do meson and core nucleus change?
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Strong attraction in 1=0 from scattering and X-ray experiements.

Why not kaonic nucleus with additional nucleons?

. A(1405) = KN molucle picture is now widely accepted
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Kaon In huclel
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Kaon mass changes? KN attraction & NN replusion

—molecule-like structure?

Anti-kaon could be a new & unigue probe for low-energy QCD
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Coulomb O

Atomic state > Precision X-ray measurement

complementary

K- nucleus potential

X

j Vo+iIWo

o
X Sensitive
only to the nuclear surface

Two approaches for kaonic nuclear system

Basis of the KN interaction

-xperimentally solid

() Direct information in nuclei
x No conclusive observation

_arge widths are expected

A series of experiments probing different energy, density, and isospin



K1.8BR In HEF =°

K1.8BR suitable for low-energy K- beam below 1 GeV/c



Experiments at K1.8BR

. 2013: ET1b Tst, "K-pp” search [PTEP 061DO01 (2015), PTEP, 051D01 (2016)}
. 2015: E15 2nd, "K-pp” search [PLB789, 620 (2019), PRC102, 044002 (2020), PRC10, 014002 (2024)]
. 2018: E31, Lambda(1405) [PLB837,137637(2023)]

. 2018: E62, Kaonic helium-3/4 with TES [PRL128, 112503 (2022)]

. 2019: Eb7 pilot run, Kaonic hydrogen with SDD

. 2020: T77, {H lifetime, “K-ppn” search [PLB485, 138128 (2023)]

. 2022/2024: E73, 3 H production cross-section

. 20257 E72, AN(1670)

. 2026~7: E8O, P89, Kaonic nuclel with a new solenoid spectrometer



Experiments at K1.8BR

Kaonic atom

. 2013: E1bH 1st, [PTEP 061DO0O1 (2015), PTEP, 051D01 (20186)}
. 2015: E1b 2nd, [PLB789, 620 (2019), PRC102, 044002 (2020), PRC10, 014002 (2024)]
. 2018: E31T, [PLB837,137637(2023)]

. 2018: E62, Kaonic helium-3/4 with TES [PRL128, 112503 (2022)]

. 2019: Eb57 pilot run, Kaonic hydrogen with SDD

. 2020: T77, 7H lifetime, [PLB485, 138128 (2023)]

. 2022/2024: E73, JH production cross-section

. 20257 E72, A(1670)
. 2026~7: E8O, P89,



X-ray spectroscopy
of kaonic atoms
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KaOniC atOm X—rays degrader Target

(C/Cu) Lig. 3/4He

kaonic helium case
K- @ 0.7-0.9 GeV/c
3d .
|7 X-ray
_ A
2p T Width : T'2p u Strong
L. | shift: AEs Interaction

J

(Coulomb only)

SDDs Microcalorimeter
! \ Moderate resolution Excellent resolution

Bt | _arge solid angle Limited effective area
K-p,/K-d 1s (E57) K-He 2p (EG2)

Alternative to a low-E scattering experiment
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First challenge to use TES
In a charged-particle-rich environment
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TES (E62)

~6 eV (FWHM)
PRL128, 112503 (2022)
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2p width (eV)

Comparison with past experiments

20 -

o
o)
|

e
O
|

Error bar: quadratic sum of stat. & sys.

K-4He (KEK E570)
#- K-3He (SIDDHARTA)
—&— K~“*He (SIDDHARTA)
-~ K 3He (J-PARC E62)
—$— K *He (J-PARC E62)

PRL128, 112503 (2022) i

%

O I 1 I I I
—10 -5 0 O 10

D E— 2p shift (eV) —

repulsive attractive
AL = Ee:vp. — EEM

Yamagata-Sekihara et. al., [arXiv: 2407.20012]

0(r) = (Vo + iwp) 2
L0

o AVoo) 280

\\

....
.....L
N Sany
[ 17+ .....
175 .... [ 4
o
,'. A
i

— II[[[II
;O -200 / /
00 ' |

~300, -300 -200 o
Vo [MeV] @®+He @3He

-70)

x10 precision for shift&width
Exclude large shifts&widths

Strong constraint on the potential
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https://doi.org/10.48550/arXiv.2407.20012
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Direct search  “° PP
for kaonic nuclear bound state




Our approach: in-flight (K-, n)

small recoill

~ 200 MeV/c
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v Effectively produce sub-threshold virtual K

mb/sr
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T. Kishimoto
Phys. Rev. Lett. 83, 4701 (1999).

K-N elementaly cross-sections

T. Kishimoto. Phys. Rev. @ E EE:’E ;EZ __________
- Lett. 83 (1999) 4701 p(K':n)K ........................
0 =0
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v Most of the background processes can be kinematically separated.

v Simplest target allows an exclusive analysis

v Large-acceptance detector to cover a wide range of kinematical region
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Obtained spectrum in J-PARC E15

bound region PRC102(2020)044002.
mx: Apinvariantmass ||.|| .'h"-|""|."' m\L‘.‘MF(qX)—\/4mN+m —|—4mN\/m +qX
g.. momentum transfer L2 - ‘
o L g
to Ap system - oL e d = l..|.|.. o -
I— - l . = ™ . ' i . Y T
: : " h; IJ :
B : nm = “‘._
0 : ~ '1'-'-'-' i y
> L - _
QO B _
C 0.6 -
S b _
K'pp Y0 -
_ 0.4/ —
gx-indep. component - -
below the threshold 0ol B
relatively deep, wide, - -
eXtendtOhlgh_qreglon O_||||||||||||||||||||||||||,.1||||||||||||||||_ “quaSi—free“proceSS
2 21 22 23 24 25 26 277 28 29

m, (GeV/c?) evidence of intermediate K



ohase Breit Wigner form factor

E15 results
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(K-, n) reaction on other targets

K SHe
J-PARC E15 O

1 GeV/c

J-PARC E31
o . O

J-PARC T77 O =S
T O



(K-, n) reaction on other targets

only ~3 days data-taking
d2 target PLB837. 137637(2023)\ 4He target
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Short summary: Achievement so far

. TES microcalorimeter has been successfully applied to kaonic-atom X rays

. Constraint on the K-nucleus potential parameters

. Highly sensitive detectors can be operated in a charged-particle-rich environment
— Extended application to muonic atoms Pienary talk on 17 (Thu) by T. Azuma

- We have established the production method of kaonic nuclel

. kaonic nuclei seem to exist more or less universally “K-pp”, “K-ppn”, -

. (K-, n) reaction is effective in exciting sub-threshold K amplitude

. Exclusive analysis is necessary to identify the broad structure.
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What is next?

. Confirmation of “K=ppn” = A +d, A + p Hn)
Large-acceptance

. Further investigation of the KNN system neutron counter

. Search for the isospin partner “Knn” via K’nn — A +H@)decay

. Determine the spin-parity of “K pp”

—spin-spin correlation measurement of A & p with polarimeters

- The spatial size of kaonic nuclei is of great interest

. Decay branches to 1Nka, 2Nka, 3Nka - nheutron counter

. Fermi momentum of the spectator nucleon in the decay forward TOF

. Heavier systems, KK nuclei, -
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Size of kaonic nuclel via data
O-Q

Og forward TOF

K'ppn K'pp

K-+4He — “K-ppn” O K-+3He — “K-pp” O

One nucleon

([K-n]lpsps) = (T+A) + psps ([K-plps) = (T+2) + ps

K absorption (1Nz,) P-269 by T. Yamaga

Two nucleon ([K-pplns) = (A+p) + ns (K-pp) > N+p
K absorption (2Nz,) ([K-pnlps) — (A+n) + ps

The ratio should be sensitive to the core size
Three nucleon

(K-ppn) — A+d INgy 2 2Ngs 2 3N ~ Py i P2 PR ?

K absorption (3Nz,)
Fermi motion of the spectator nucleon
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ES0-CDS

New CDS

E15-CDS

o

v Solid angle: x1.6 (59%—939 ‘
v Neutron eff. x4 (3%—12%)
v forward TOF counters

v (proton polarimeter in future)



27

Details in P-273 by Y. Kimura
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to be completed by the end of JFY2026

We would like to start data-taking by the end of JFY2026



Summary

. Kaonic nuclel would open a new field of nuclear physics
with anti-kaon as a new probe.

. Fruitful results in these 10 years.
Observation of “K-pp” and “K-ppn”, TES application to kaonic atoms

. With a new solenoid spectrometer, we would like to further extend
the systematic study of kaonic nuclear systems.
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New collaborators are welcome!

' |
Post-doc position is how open at RIKEN Thank you for your attention !
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