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The Doraemon spectrometer (CDS)
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• CDC (15 layers, 1816ch) + CDH (36 seg) + 0.7T
 solid angle: 60% of 4π
 ⁄𝛿𝛿𝑝𝑝𝑡𝑡 𝑝𝑝𝑡𝑡 = 6.0%𝑝𝑝𝑡𝑡⨁0.8%/𝛽𝛽

CDC

CDH

solenoid



History of the Doraemon Spectrometer

• 2006~    : Design/Construction started
• with budget of Grant-in-Aid for Scientific Research on Priority Areas 2007-09, 

“Multi-quark Systems with Strangeness”, PI:Prof.Nagae(Kyoto.U)
• 2010      : Completion and commissioning with beam @ K1.8BR
• 2013-15: E15 exp. (kaonic nuclei)
• 2016-18: E31 exp. (Λ(1405))
• 2019      : E57-1st exp. (kaonic hydrogen)
• 2020-24: E73 exp. (hyper-triton)
• 2024      : will be uninstalled
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strangeness nuclear physics

特定領域研究



Doraemon Magnet

• Manufactured by TOKIN
• ~50 million yen in total

• ~40M(solenoid)+~10M(base)

• Bore diameter: 1.18 m 
• Length: 1.17 m
• Overall weight: 21 tons
• Operated at 0.7 T

• almost max. field
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1,080 mm

Old-base (discarded)



Decomposition of the Magnet
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1,321 kg x4

15,437 kg

Old-base
(discarded)



Base-mount with electric sliding mechanism
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4,100 kg

3Φ AC200V
speed=2m/10min.

endcap holders

(Manual sliding is also OK)



Specification, Power Supply
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1. Magnetic pole diameter φ300 mm (inlet/outlet)
 　φ1180 mm (electromagnet internal bobbin)
2. Magnetic pole length 1170 mm
3. Magnetic field strength 0.7 T
4. current 1050 A
5. voltage 350 V/unit
6. Power 367.5 kW/unit
7. DC resistance 0.293 Ω/unit
8. Wire used 16 x 16 x φ10
9. Number of turns 680 turns/unit
10. Cooling method Direct water cooling
11. Number of cooling channels 34 water channels/unit
12. Cooling water flow rate 280 L/min/unit
13. Cooling water pressure loss 0.6 MPa
14. Water temperature rise Approx. +18 °C
15. Range of motion Front-back, left-right, up-down ±20 mm
16. Weight Approx. 22.9 ton

     
   

   



Central Magnetic Field
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Magnet has been operated at 983A (150V) corresponding to 0.7T



Magnetic Field Uniformity
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Very goof uniformity  NO Runge-Kutta

calculated by TOSCA

CDC



Cylindrical Detector Hodoscope (CDH)
• Manufactured by G-tech

• ~5 million yen in total
• Plastic Scintillator: 99x30x790 mm3 (Eljen EJ-200)

• 36 modules
• Mounted on the inner wall of the solenoid

• PMT: Hamamatsu H8409 (fine mesh) x 72
• ~ 15 million yen

• σint ~ 71±3 ps
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PMT will be reused for
a new large CDS at J-PARC



CDH Design 11

screw a PMT on a Light-Guide

+ =

O-ring for light-shield

grip for locking

delrin ring

screws

silicone cookie for PMT-
Light-Guide connection

ELJEN EJ-560
[φ30mm, 1mm thickness]

Light-Guide



Cylindrical Drift Chamber (CDC)

• Manufactured by REPIC
• ~30 million yen

• 15 layers
• AUVAUVA super layers

• Solid angle:49o< θ <131o (66% of 4π)
• Tracking volume: r190.5 - r484.5 mm (~300 mm) 
• Wire length: 833.8 mm
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• Material : Aluminum, CFRP
• Weight : ~ 100 kg
• Number of wires : 8136

• Readout : 1816ch
• Total wire tension : ~ 600kg

sense wires:
Au-plated W, φ30µm

field & guard wires:
Au-plated Al, φ100µm

aluminum
end-plate

CFRP tube
(t1mm)

aluminum block
(x6)

Structure of CDC
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A1 (3)

V1 (2)

U2 (2)

V2 (2)

A3 (2)

A2 (2)

U1 (2)

＋ : sense wire
＊ : field wire
○ : guard wire

@ Ar:C2H6 
= 50:50

Cell Configuration



Gas & Drift-Time-Isochrones
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Calculated using garfield-9

A1-1 (inner cell)

w/ magnetic field (0.5T)

100ns

200ns

Ar:C2H6 = 50:50
ne = 50

Ar:CO2 = 80:20
ne = 42

velocity vs. E diffusion



CDC Readout
• Signal/HV-distributor boards used
• ASDs (SONY-CXA3183Q, τ = 16 ns) and HUL multi-hit TDCs

• 16ch / preamp-card
• 118 cards in total
• preamp (LVDS)  repeater (LVDSECL)  HUL (ECL)
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Signal board HV-distributor board

will be reused for a new large CDC at J-PARC



CDC Installation
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CDC support

stopper

+/-3mm



CDC Performance
• CDC position resolution:  ~ 180 µm
• pt resolution at 0.7T: 

⁄𝛿𝛿𝑝𝑝𝑡𝑡 𝑝𝑝𝑡𝑡 = 6.0%𝑝𝑝𝑡𝑡⨁0.8%/𝛽𝛽
• Vertex resolution:

• xy: ~1.5 mm
• z:   ~6.5 mm
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simulation @ 0.7T
Reconstructed vertex distribution w/ empty target-cell

data vs. simulation



CDS Performance
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Neutron Detection
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既存のCDS

neutron

dE vs. TOF(1/β)

“nπ+” inv. mass “nπ−” inv. mass

After event selection

Before event selection

Successful recognition of πΣpn

Preparing a paper
on πYN decay of “K-pp”
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Experiments @ J-PARC K1.8BR
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Linac

3-GeV
Synchrotron

Main Ring
Synchrotron

Neutrino Experimental 
Facility

Material and Life Science 
Experimental Facility

Hadron
Experimental

Facility

1,000m
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KL

high-p

COMET

K1.8BR

K1.8

Hadron Experimental Facility (HEF)

 30 GeV proton beam
 65kW (7x1013 ppp, 5.2s)

[as of 2021, June]

 < 1.1 GeV/c
 ~ 5x105 K-/spill
 Kaon in nuclei

 < 2.0 GeV/c
 ~ 106 K-/spill
 S=-1 and S=-2 hypernuclei

 16 deg extraction
 ~ 2.1 GeV/c ~ 107 K0

L/spill
 𝑲𝑲𝑳𝑳

𝟎𝟎 → 𝝅𝝅𝟎𝟎𝝂𝝂�𝝂𝝂

 Au Target
 < 95 kW

 30 GeV proton ~ 1010

 < 31 GeV/c unsepa. π ~ 107

 Hadron physics

 µ- beam
 µ-e conversionwill start in 2023

launched in 2020
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T1 target



Experimental Setup @ K1.8BR 24



J-PARC E15 Experiment
• Search for the “K-pp” bound state

• “K-pp” was observed via its Λp decay
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K-pp

PRC102(2020)044002.

K-pp



J-PARC E31 Experiment
• Investigation of Λ(1405) line shape

• Extracted KbarN scattering amplitude 
and Λ(1405) pole
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K- n
d Λ(1405)

n

1 GeV/c ~1.25 GeV/c

~0.25 GeV/c

Σ
π

π

PLB837(2023)137637.



J-PARC E57 Experiment
• Measurement of kaonic deuterium

• will be continued as E57-2nd
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J-PARC E73 Experiment
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• Measurement of hyper-triton (3
ΛH) life-time

via (K-,π0) reaction
• will be completed in Apr. & May., 2024

4
ΛH in T77

PLB845(2023)138128.



New Large CDS
for Systematic Investigation of Kaonic Nuclei
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Present CDS New CDS

Solid angle:    x1.6 (59%  93%)
Neutron eff.:  x8    (3%  15%x1.6)



J-PARC E80 Collaboration 30



Thank you for your attention! 

High intense K beam

New era of kaonic nuclei

New large CDS
ÖWA/Harald Ritsch



KEK/J-PARCには置き場が無い、
とのことで廃棄の危機。

是非ともRIBFでの有効な活用を
お願いいたします！
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