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Kaonic Nuclel anti-kaon

Motivation: What will happen when anti-kaon (K) is
embedded in nucleus?

Why anti-kaon?

v A(1405) = KN molucle picture is now widely accepted
> “KNN”, “KNNN”, “KKNN” ... should exist.

v’ Strongly attractive interaction between K and N in I = 0

-> Large binding energy?
Deep potential?
Dense nuclear medium?

Experimentalists began with simpler systems.
Theory calculations also suggest that these bound states exist.
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J-PARC E15: Search for “K ~pp’

v In-flight 3He(K ~, n) reaction at Py- ~ 1 GeV/c:
Effectively produce kaonic nuclei

v Simplest target:

Allow an exclusive analysis

~1 GeV/c

2025/11/25
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J-PARC E15: Search for “K~pp”

v' Covering a wide kinematical region
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They could clearly separate signal from background with data of wide kinematical region.
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Next Projects

J-PARC E15:
The simplest kaonic nucleus, “K~pp”, was successfully observed.

“Existence” 2 “Properties” This talk
* To heavier systems » | J-PARC E80
« B.E., I' and spatial size?

« Further investigation of “KNN” system —— J-PARC E89
» Confirmation of iso-spin partner “K%nn’
e Spin-parity J©

e Multi K systems...
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J-PARC E80: “K ~ppn”

Confirmation of “K ppn”  escvue-mincoxon

PLB789(2019)620

: A :-- " T77:K‘+4He—>Ad+nf(~6x109K—) |

USIﬂg “K—ppnu 9 /1 _I_ d - 1.0: -.-_ .. 14:_ M(Kppn) efore acceptance correction
3 [T 212
v With the current statistics, ¢, =
we cannot reliably compare : :éo.a;:
with K_pp og; TR gc_éo'”'i'
M [GeV/c?) 0_2;_

> M (GeVie) /40 serse
Using “K~ ppn” 2> A+p+n Limited statistic...

v" Whether it can be clearly observed in a different decay mode.
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J-PARC E80: “K “ppn”
Spatial size from comparison Ad with Apn decay mode

Compact case e -~

.' \ * p-n separation differs
| i between compact and broad
i ! configurations.
|
\ A Dominant This may alterthed vs.p +n
K-nucl T‘ggsgl:g,:%#]s decay mode(?)  decay fractions.

y

\
1

N

A potential probe of the
compactness of “K " ppn”.

®5 (®
o &

) — Three-body decay studies

are essential.
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J-PARC E80: “K ~ppn”

What and how we will measure:

@ _> @ Missing Mass
1.0 GeV/c

forward TOF counter
‘// \

1.0 GeV/c

c.f.) Case of E15 ®+®—P®+@

@+.

Mesonic mode
& others

&+ @

O+0+@

Mesonic mode
& others

Measured by Cylindrical Detector System (CDS)

Compared with E15 (“K ~pp”),

2025/11/25

v More decay particles

v Neutron must be detected...
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New Cylindrical Detector System

E15-CDS

Solid Angle:
x1.6 (59% > 93%)

Neutron Detection Efficiency:
x4 (3% 2> 12%)

+ forward TOF counter
+ proton polarimeter
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New Cylindrical Detector System

Cylindrical Neutron Counter

» Neutron detection
« PID for charged particles
» Resolution
* Oime~ 80 ps (same as E15)
* Omom_n < 7% (momentumdep.) , , GeV/c

Cylindrical Drift Chamber

« Momentum calculation from curvature of tracks

« Momentum Resolution is equal to the same
as E15-CDC.

Vertex Fiber Tracker

3.80 m,

~

Yoke

$uper-conducting Solenoid

Polarimeter Tracker

- To reinforce the vertex point resolution, The overall resolution is comparable to,

especially Z-pos resolution.
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Improvement of Detector Acceptance
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region maintains a high acceptance in wide g region.
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Improvement of Detector Acceptance
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For three-body decays, the acceptance will be dramatically improved
compared to the E15-CDS, more than a factor of five.
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Status of the main components
Return York: SC Solenoid: CDC:

completed completed completed, in commissioning
g LA A W e L g====

CNC:

development with prototypes,
to be completed this year
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Plan for the main components

Events

Solenoid

Solenoid/yoke to J-PARC
Installation

Detector assembly test
Cooling & Exitation test
Exitation test

Magnetic-field measurement
Detector installation
Comissioning with full setup
cDC

ASAGI test

Commissionning w/ full readout
Installation

CNC

QA

test w/ CR

installation

2025
Nov Dec
E72

2026
Jan (Feb Mar;Apr
FX E104/E45

May

EJun

_ Area modification

JuIEAug Sep Oct Nov Dec

Installation

2027

Jan Feb Mar EApr May Jun
E80C| E8O )

Comissioning | i

2025/11/25
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Status of the other new detectors

Polarimeter
Tracker §°

J-PARC E72 Parasite exp.
for R&D is ongoing.

Y. Tsutsumi (U Tokyo, M1) for AC
S. Ohtaka (RARIiS, M1) for pol. tracker

. ke
g

Aerogel Cerenkov [F

The other b line detect Counter
e other beam line detectors, TN

VFT and the target system will
basically be reused, with only
minor modifications.
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Summary and Prospect

* We are preparing a new experiment on kaonic nuclei at J-PARC.

* The construction of a large—solid-angle Cylindrical Detector System
(CDS) is In progress.

* [nstallation to the beamline is planned for next autumn, and the first
physics data-taking for the J-PARC E80 experiment is expected by
the end of FY2026.

A new era of kaonic-nuclei experiments is just ahead!

Thank you for your attention.
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Back up
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Study the multi-particle decay mode of KNNN

toward understanding its internal structure
» “K-ppn”->Apn 3-body decay

Paul Kienle **, Yoshinori Akaishi “¢, Toshimitsu Yamazaki **

Utilize Dalitz plots —> Differences in distribution
PPnK- (T=0) -> A+p+n

15

10
5 %0
4.2 vy

'h.-fbe 4.6 Gf
PLB632(2006)187 (Gay 2 4.8

PN

Distributed in parts of the plane Widely distributed in the plane

* 1 nucleon has the Fermi momentum * All particles have a momentum larger than
the Fermi momentum

2025/11/25 RARIS #ZE < 2025, 2025.11.25, Yuto Kimura



Superconducting Solenoid Magnet

* Preparing magnetic field
measurement

* 3D measurement using 3-axis
movable mechanism

* The basic design is the same as
that of the COMET
* Design work is ongoing in
collaboration with the COMET
Group

* Schedule:

* Test the moving components this
summer

* Magnetic field measurement with
return yoke at K1.8BR in autumn
2026

2025/11/25

Magnetic field meas. system ~ draft

» Overview

a) z-axis mover d) B-axis mover
b) r-axis mover e) Mover support
c) Hall probe support

with Laser Tracker target K.Sasaki (KEK)

2025/04/17

7
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3. AMEPHEFREHIE(CNC)

CNCOBRAHLEF

FM-PMT(Hamamatsu)
=1.5 inch H8409(R7761)

MPPC(Hamamatsu)
»S13361-6050AE-04

- =19-dynodes *6 mm£ ) 4x4 array
_ -E¥: ~ 570 mm?(®=27 mm) hybrid x pararell§&& T
-RFHE: 20% 1 chiitd

P ~ 580 mm?
BFRE: 40%
(ESHIES

| -2BX0) RFI¥IESS
PZCEI%

—ATT4HNT )R CHlitnliEH

Xt E
MPPC:~ 2 HifFrcnd
HAYBEER2025FF5FKE 1 2 R:t (RILARARIS 8L RE15E) 2025/3/20

1"
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4. E—LTAF

ﬂﬁﬁ% Gain. P . eff. OV, f&RFF 1 (Hamamatsu)

. i —_— e (Ta=25 °C) g
MPPC D B5fE 73 BRRED 7 \ A 7 AR e T FT1 1 &
& 85 1 B T e > o -
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i // &
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CNC: K 5 fiZEEEE D[R A

QDC(raw, tdc cut)

Wil 2 f#RE~90ps =

i[9 B# HE~75ps

THTHZICFHETE EWLWH? ;
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2025/11/25

LED: BBEFZHW:
128 E R E
CNCH &ECNCET
BRFE % LLBR
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CNC: K 5 fiZEEEE D[R A

QDC(raw, tdc cut)

Wil 2 f#RE~90ps =

28 B TE(E 28%

B e 93 B BE~75ps
128 R E (B 37%

: [
FE%% %SFﬁif % EEEI_[_ By Shunto Sasaki (RARiS, M2) 10
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CNC: QA

Transmitance of each CNC

50
——=- Time Resolution ~80ps line
o v o ® o y
40 o ® o9 ® ¢ °® o ©
s o * o® o " %o
——————————— "---—------——--T----——-.--.-------—
[} L ® o [ ]
v}
c 30 A
©
-
£
¢
E 20 A
=
10
0 T T T T T
0 10 20 30 40
module#

35% LU T I BHEFE SEERICTERFE .
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CDC: & jF

B REFEDHENRZ S
v double-peakifi&
VIBEOMUEREFENHD

20mV

ASD
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CDC: B KR

B HEH16ns DT ) 7 THATHRARICRFIROZE
v REOMEREDLDH S
v BRE (BWR) I—%E

..E80-TC : Analog outputs from SONY-ASD |

from SO

2%
\ | iy
| \[ | |

g — L | N
BIE L 54 ¥ OEBETRIENEEET B 2 )
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Cylindrical Drift Chamber (CDC)

K.Shirotori (RCNP)
° Developing a hew preamp Card - ASAGI-card: AGASA based General Interface for write chambers

ASAGI - in cooperation with ASAGI ASD card ver. 1.5 e
SPADI/ESO/N EOLITH gai?gg:%/g: £THA S OEBENRETRE

Kmh0.6fFEhTHA

* Variable time constant and gain

* New version of ASIC, AGASA v3.0, is
currently under design

* A new preamp card with the same
dimensions as the current one is also
being designed

igEE FH-L-¥n BERERE
A £ (SHP)

LEVMEIZ£1.65 VOEHET
3.3 mVZ & TE%7E AT 8E (10bit)

* ASAGI schedule:
* Completed in JFY2025
* Mass production in early JFY2026

2003040 50 0
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The required performance

@

Momentum resolution of neutron [%]

Othick > Otime
= Otime ~80pPS

Momentum resolution of neutron from each error

J —— From the time resolution "100 ps"

(=]
L

»
L

N
L

—— From the time resolution "80 ps"
——— From the time resolution "90 ps"

—— From the difference of the hit position "+-5cm*

o B

f R

'3

/' (K-ppn@0.6GeV)

o o | o
K Wl =3

......

Momenam (Gavic

0 200 400 600 800
Momentum of neutron [MeV/c]
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1000

Bias-voltage dependence of time resolution

| AN

-

g 85 . S.Sasaki (Tohoku)
b
S 80 t i
= 1
=
o
S 75 ¢
o
+7.5 +8.5 +9.5 +10.5

Over voltage [V]

The required performance has been achieved:

Ocne ~ 80ps @ Vy, ~ 49V
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Status: CNC 9

Result

Read out Time Reso
m—mm—

Proto-type test exp. in 2025

E15-CDH 80cm 3cm ~80ps
CNC PMT 300cm 6cm ~120 ps
CNC MPPC 300cm 6cm ~ 80 ps

» Readout method of E15-CDH is
not applicable for 300cm length.
» To improve light collection efficiency,
we dicided to use MPPCs w/o light guides.

>4 MPPC (Hamamatsu)
@ - S13361-6050AE-04
4 @ . mmsquare, 4x4array ¥ Readout study w/ prototype done
g | SignalAmplifier (achieved required value o ~80 ps
* Two-stage RF amplifier ]
« PZC circuit even if 3m length counter)

v 138 modules is in hand.

TAmnh Slgnal Amplifier |

2025/11/25 RARIS #ZE < 2025, 2025.11.25, Yuto Kimura
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K1.8BR Upgrade

* We have proposed
a new configuration
of the beam line

Shorten the beamline (~3.7m)
by removing the final D5 magnet

»1.0 GeV/c K intensity
increases 1.6 times

RBRIET L)

[

i

e
ik

Wi,

CLL LTI

T3 T

[LITITI

with /K ~ 2
Relative beam-line

length (beam yield) > VD>
0 -3.7m
Present CDS (x1) (x1.6)
+1.2m -2.5m
New CDS (x0.9) (x1.4)

2025/11/25

1

=

[TTTTTTITTT

[TTTTTI
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E150#HBE AT LATIEMass Resolution (o) ~ 10 MeV/c*2.
—> CDCEgIE N fEEEIF I TlC+ 973 ME,

—> EAREETIE1S5DCDC & FERIC,
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007, + v v | v e e

006 CDCDEENE S HRAL
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0 p.04- |
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002\ %

0.01? - . ‘
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KA 26T A 391 (93%/4 1) Fr(GeVic)
£ S Eﬁh‘%. - im
A AN (E15-CDC 950mm)
/ \| = a
/ ™~ & [ !
f$ £ 'Yy ® -
| \ } )
Y\ ¢300mm / « >
N | V4 TV —DRSNBEE
e 4
e TIPS Meeting @Oniine. 2025.03.20. 206V -2, Yuta Kimara (RARIS)

2025/11/25

RARIS #ZE < 2025, 2025.11.25, Yuto Kimura

34



2025/11/25

RARIS #2324 2025, 2025.11.25, Yuto Kimura

35



2025/11/25

RARIS #2324 2025, 2025.11.25, Yuto Kimura

36



2025/11/25

RARIS #2324 2025, 2025.11.25, Yuto Kimura

37



2025/11/25

RARIS #2324 2025, 2025.11.25, Yuto Kimura

38



2025/11/25

RARIS #2324 2025, 2025.11.25, Yuto Kimura

39



2025/11/25

RARIS #2324 2025, 2025.11.25, Yuto Kimura

40



J-PARC E80: “K ~ppn”

Motivation:
v Confirmation of “K~ppn” (It should exist.)
as a first step of the systematic investigation

@AY The larger nuclei,
- we

— the larger B.E.?
200~ |—¥ OHHMH(chiral)
/- OHHMH(AY)

Kanada(weak) _—
150— 7
Y& E15-2nd _—

W
AL
;

Theory indicates kaonic
nuclei beyond “K™ pp”.

100—

Binding Energy (MeV)

n
=
‘ T

KNN KNNN KNNNN

—

Width (MeV)

250

200

150

100

50

AY: PRC65(2002)044005,
PLB535(2002)70.
WG: PRC79(2009)014001.

BGL: PLB712(2012)132.

OHHMH: PRC95(2017)065202.

Kanada: EPJA57(2021)185.

— (without multi-N absorption)

;//v

KNN KNNN KNNNN

Systematic measurement will provide more conclusive evidence
toward the general (heavier) kaonic nuclei.
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J-PARC E80: “K ~ppn”

Spatial size from three body decay

@

Broad case

,—---~
\---_/

I
\

" \0?’?@/ "§’<,®@/

X

® e O’
@ - @ > ﬁ\)’
K-nucl T\ggsglrﬁ%ﬁ,s Scenario 1 Scenario 2

A Y
1
Y

|
\ﬁ---_,

,—----
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J-PARC E89: Further study of “K NN”

1. Confirmation of “an”, iIso-spin partner of “K~pp”

others

Measured by CDS

Neutron should be detected.

2025/11/25 RARIS #ZE = 2025, 2025.11.25, Yuto Kimura
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J-PARC E89: Further study of “K NN”

2. Determine the spin-parity of “KNN”’

spin-spin correlation between A and p

A decay We will use

* the A-> pi- + p week decay asymmetry
« proton scattering asymmetry
* Proton is to be scattered by CNC.

U

Tracker for p-C scattering is
necessary.

knockout n

pC scattering
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J-PARC E89: Further study of “K NN”

2. Determine the spin-parity of “KNN”’

There are two possible configurations for the KNN ground state.

- _ N\
(N N )([..S'ymxS.a.S‘ym) ® K

P P
s -(')-s+ s%-_-s
p r Ka p n K&
2
[ Ign=01" 3

[Igy=11" 1

— =
'] d
(N N )(I.a.s;\'m><S..s;wn) ® K
e
r —p
Ky ==l _j=m ¢
p‘ ‘// K&
[Igy=0 1
[ Igy =17 3

Deeper bound expected

| Shallower bound expected

[

J

A decay

I// | knockout n
w’f’%,z
7 |

pC scafttering

Polarimeter for pC scattering is necessary.

2025/11/25
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NowBeamline

Construction Status (Main Detectors) [ Sparsce |

- FY2022 FY2023 FY2024 FY2025 FYZ026

Yoke Construction

[ |
SC et [ |
. XcItation Install
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