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Outline

1. Anti-Kaonic Nuclel
2."J-PARC E15 experiment”

3."J-PARC E80 experiment” - e My Theme of D

e Search for anti-kaonic nuclei “K~ ppn”

6.Summary



Meson In nuclel

Meson: quark-antiquark (gq) pair

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

 In vacuum, mesons are real particles

having own intrinsic masses (cf. meson beam).



KN interaction
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KbarN molecule from Lattice QCD
PRL114(2015)132002.
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e Strong attraction in / = 0 from scattering and X-ray experiments.

e A(1405) = KN molecule picture is now widely accepted.
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_ KN attraction & VN repulsion
Confirmed by J-PARC E15exp.  —> Molecule-like structure?

New materials composed of real bosons
—> Unknown properties emerge?




J-PARC EB80 exp.

e “KNNN” should exist.

Predicted binding energies and widths
are widely spread depending

on KN interaction models.

e \We will measure all the decay particles

from “K " ppn”.

e |fit exists, we can obtain information
about its binding energy and decay width.




New Cylindrical Detector System (CDS)

Under construction

Two advantages of the new CDS compared to the E15-CDS
. (59% —> 93%)
. (3cm —> 12cm)
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2023/12/11, SNP school (J-PARC)
2024/3/8, ELPH symposium (online, poster)

2024/9/19 JPS meetlng (Hokkaido univ.)

2024/10/15, J-PARC symposium (poster)

2024/3/19, JPS meeting (online)
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e Designed

Exp.
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x-Axis [cm]

wire

Au-W (Au-Al)
®30 um(100 um)

Au-W ((Be-Cu)
®30 um(80 um)

Num of
channel

1,816
(6,428)

1,816
(6,428)

area
(Beamif EHE)

@(1060 - 300) mm

?(1060 - 300) mm

darea

(Beami /5 1)
350 mm

2580 mm



CDCiI 5t

e Designed by F. Sakuma (RIKEN)
e Wire stringing work by workers of Hayashi Repic corp. (Dec. 2023 ~ Jun. 2024)
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CDCx 5 LIS

e Designed by F. Sakuma (RIKEN)
e Wire stringing work by workers of Hayashi Repic corp. (Dec. 2023 ~ Jun. 2024)

e Making daisy chains to supply HV to wires by Y. Kimura (me) (Jul. 2024 ~ Aug. 2024)
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CDCx 5 LIS

e Designed by F. Sakuma (RIKEN)
e Wire stringing work by workers of Hayashi Repic corp. (Dec. 2023 ~ Jun. 2024)
e Making daisy chains to supply HV to wires by Y. Kimura (me) (Jul. 2024 ~ Aug. 2024)

e Preparing for wire aging by Y. Kimura (me) with I~ Sakuma (Sep. 2024 ~ Oct. 2024)

HV side Read-out side HV side’ Read-out side’
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We thought that finally it's time to apply HV! But, it didn't work well...
We spent a week to find two broken wires.
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CDCiiE EIlf

e Designed by F. Sakuma (RIKEN)
e Wire stringing work by workers of Hayashi Repic corp. (Dec. 2023 ~ Jun. 2024)
e Making daisy chains to supply HV to wires by Y. Kimura (me) (Jul. 2024 ~ Aug. 2024)
e Preparing for wire aging by Y. Kimura (me) with F. Sakuma (Sep. 2024 ~ Oct. 2024)
e Wire aging (Oct. 2024 ~)

E80-CDC Current from the beggining
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Date and Time
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CDCiIE EIf

e Designed by F. Sakuma (RIKEN)
e Wire stringing work by workers of Hayashi Repic corp. (Dec. 2023 ~ Jun. 2024)
e Making daisy chains to supply HV to wires by Y.Kimura (me) (Jul. 2024 ~ Aug. 2024)
e Preparing for wire aging by Y. Kimura (me) with F. Sakuma (Sep. 2024 ~ Oct. 2024)

» Wire aging by Y. Kimura (me) (Oct. 2024 ~)

13



Num of area area Gas mixture
channel (Beamifh FE &) (Beamig 5 m)

INA T Au-W (Au-Al) 1,816 ®(1060 - 300) mm 850 mm Ar(50%)
E15 15/ 30 um(100 um)  (6,428) C2H6(50%)

J-PARC "B F Au-W((Be-Cu) 1,816 @(1060 - 300) mm 2530 mm ?
ES0 15/Z 30 um(80 um) (6,428)

e \We want to decide
e 3 times the volume of the E15-CDC

 Non-flammable and low-cost gases are expected.

IS @ good candidate.

| studied the characteristics of Ar-CC)2
using tool, Garfield++ and
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53 2D UNT: Simulation

Electric Field and Avalanche

Electric Field Avalanche

2100 VO 5&

avalanche area
~ 8¢ 80 um

Drift area
7*10"2~10M

~~ sense wire

204 20.41 20.42
x [cm]
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53 2D UNT: Simulation

Comparison of various Ar-CO2 mix ratios

Better ?

Drift Velocity wE Ar-CO2 (95-5)
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53 2D UNT: Simulation

Comparison between Ar-C0O2 (90-10) and Ar-C2H4 (50-50)

Drift Velocity

ArC02(90-10)

o o o

o o :
S O

J ®

drift velocity [cm/ns]

10° 10 - 10°
electric field [V/cm]

o
o
o
©

rift velocity [cm,

ArC2H6(50-50)

10° 10° 10°
electric field [V/cm]

Diffusion

o

o ©
= o
o >

ArC02(90-10)

D

diffusion coefficient [\cm]

10° 10 o 10°
electric field [V/cm]

D

o
o
K
I

diffusion coefficient [y

ArC2H6(50-50)

10° 10° 10°
electric field [V/cm]

17

Amplification

N -— LS ro —_

Amplification

Ar 90 % CO, 10 %

| | | | ' '
o (g o ro ro

vfield [V]



HAICDOWT: FHETAN

Comparison between Ar-C0O2 (90-10) and Ar-C2H4 (50-50)

§ Cosmic ray

Focused on and

Experiment

e The study

e No magnetic field

I [ ]
' Cosmic ray ||'

II.( ".f:g..,

e Pre-amplifiers with ASDs (SONY CXA3653Q, 7 =16ns)

e HUL (multi-hit TDCs)
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HAICDOWT: FHETAN

Comparison between Ar-C0O2 (90-10) and Ar-C2H4 (50-50)

Shapes of the TDC and XT curve
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HAICDOWT: FHETAN

Comparison between Ar-CO2 (90-10) and Ar-C2H4 (50-50) 2 Track Events

Eff et = .
HV scan of tracking efficiency rack " CDH 2Hit Events

Tracking Efficiency vs HV
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HAICDOWT: FHETAN

Comparison between Ar-C0O2 (90-10) and Ar-C2H4 (50-50)

HV scan of the Residual Residual := Hit distance — Track distance (from wire)

“ArC02(90:10)
" ArC2H6(50:50)
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Summary

e | study about the Cylindrical Drift Chamber which will be used
for the anti-kaonic nuclei “K~ ppn” search, J-PARC E80 exp.

e About the new CDC,
e |'ve finished assembling for applying HV and read out the signal.

e |'ll conduct the aging, checking the analog signal, noise reduction and first cosmic ray test.

e About gases for the CDC,
e |'ve finished the simulation to choose the ratio of Ar-CO2 and cosmic ray test filling Ar-CO2 (90-10).
e |'ll improve the precision of the way of X —> T conversion.
e |'ll check the analog signal using “test chamber” filling Ar-CO2 (90-10).
e |'ll acquire the HV scan data using E15-CDC(old CDC) filling Ar-C2Hs (50-50)

to compare to Ar-CO2 (90-10) in more detall.

29 Thank you, that’s all.



Back-up

Table 12: Cell configuration of the CDC.

Super-

layer

layer

Wire

direction

Radius

(mm)

(mm)

Cell width Cell width Stereo angle
(degree)

(degree)

Signal channels
per layer

Al

X
XI

190.5
204.0
217.5

5.00

16.7
17.8
19.0

0
0
0

72

Ul

248.5
262.0

4.00

17.3
18.3

90

V1

293.0
306.95

3.60

18.4
19.3

A2

© ool oot B N -

337.5
351.0

3.00

17.7
18.4

U2

382.0
395.9

2.40

16.0
16.6

V2

426.5
440.0

2.2

16.7
17.3

A3

TR W N = O

471.0
484.5

2.00

16.4
16.9




J-PARC E15 exp. *= -
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® “K_pp” search L-°He target a -

* Prior study on J-PARC E80 exp.

o First exclusive experiment and analysis for “K ™~ pp” in the world

—> Missing mass

500 mm K. Agari et. al.,
) PTEP 2012, 02B011 : -1 Binding Eneray ~ 50 MeV

acceptance corrected

300 < ¢ <600 MeV/ Decay Width ~ 100 MeV

¢ data —> Deep Bound Sate
I - A(1405
Kpp — Zp Larger Width than A( )
—yAp
- QF KNN—Ap,=°p

(2]
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—> (*2) Further Analysis by T. Yamaga
(Mesonic decay channel
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—> Inside of “K pp”)
—> Further Experiment, J-PARC P89

PSS _~ " (Isospin partner, Spin structure)
’He target cell | 26 2.8

vacuum vessel ' | M(Ap) [GeV/c?]

N

*1) T.Yamaga, et al., Phys Rev C 102, 044002 (2020)
*2) T.Yamaga, et al., Phys Rev C110, 014002 (2024)




Avalanche

2400 V

20.4 20.405 20.41
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