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 KOTO Detector
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KOTO detector

Signature of  KL→π0νν = 2γ+nothing
Calorimeter + Hermetic veto detectors
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KAON13 @ Univ. of Michigan Ann Arbor

Principle
• KL pencil beam
• 2γ + nothing

• Calorimeter + Hermetic veto
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Cutaway view
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Hadron Hall so far 

30 GeV Proton beam

Production Target
K1.8

K1.8BR

K1.1BR
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KL Beam Line
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Timeline of KOTO 
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Closing vacuum chamber 
                            (2012 Dec) 

Charged Veto installation (2012  June) 

NCC installation 
(2012 Nov) 

FB installation (2012 Nov) 

Main Barrel installation (2012 Dec) 

Sub detectors (CC04 etc.) 
Installation (2012 Dec) 

2013 Jan engineering run 

1st physics run 
2013 June 

Beamline 
construction 
finished 
(2009 Aug) 

CsI 
calorimeter 
stacking 
finished 
(2010 Feb) (2011 Feb)

2013 May
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Neutron
 Collar Counter

Kyoto Univ.

2013/09/21  Kyoto Kaon weekly meeting

• Introduction

• J-PARC

• Kaon 

experiments

Contents

So, ...
• KOTO

• Piano

• Papionn

• Pi+KL
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clustering for n/γ separation
ハロー中性子測定においては、ハロー中性子より~100倍のhit rateを持つKL decay
起源のγがバックグラウンド事象となる　　　　　　　　　　　　　　　　　　　　　
→ NCCはX,Y,Zそれぞれ分割されており、clusteringを行う事で３次元的なシャワー
形状の情報からn/γ separationを実現できる
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典型的なKLdecay　event(MC)典型的なハロー中性子event (MC)

front hit
無し あり

cluster数
１ 複数
cluster のsize

大 小

おおまかな特徴

シャワーのz方向の発展
大 小

front front

middle rear middle rear

sum sumMC KL decay event
Sum
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CsI Calorimeter

CFRP cover against 
earthquake

Brought FNAL KTeV CsI

FCVData
Entries  1113168
Mean     0.56
RMS     0.198

Energy depodit (MeV / 5 keV)
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

-710

-610

-510

-410

-310

-210

FCVEnergy deposit

FCVData
Entries  1113168
Mean     0.56
RMS     0.198

FCVMC
Entries  999563
Mean   0.5333
RMS    0.1917

FCVEnergy deposit
100keV threshold

Data：11 / 1113168 
          = 0.988±0.299×10-5

MC：10 / 999563    
         = 1.00±0.316×10-5

Upper limit：1.58×10-5

@90%.C.L.

<experimental set up >
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Drift Chambers Charged Veto Hodoscope
CsI calorimeter

active region

de-active region
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IneffData
Entries  6092
Mean      150
RMS     36.97

distance between COE and track (mm / 10 mm)
0 20 40 60 80 100 120 140 160 180 200

-410

-310

-210

-110

distance between COE and track

IneffData
Entries  1342
Mean    167.2
RMS     24.87

IneffMC
Entries  7490
Mean    154.5
RMS     33.86

distance between COE and track
dependence between CV inefficiency

 and hit distance 
reject

CV

change flight pass

CsI
chamber trackchamber

no particle penetrate
→become inefficiency

○the effect of multiple scatter
      and hard scatter .
○π→µdecay in flight.

main source of unqualified track 

< conceptual diagram of the KOTO detector >

Evaluation of the inefficiency of a charged particle detector for KOTO experiment
D.Naito1, N.Sasao2, T.Nomura3, H.Nanjo1, N.Kawasaki1, Y.Maeda1, S.Seki1, I.Kamimji1, K.Nakagiri1

1Kyoto Univesrity, 2Okayama University, 3KEK

・π0(2γ)  is measured with the CsI calorimeter
　○Energy
　○Positions 
・Hermetic veto counters surrounding the decay volume 
　→Ensures nothing else.

calculate ○Vertex position
○Transverse momentum 

Cut value

Started in May 2013, at J-PARC(TOKAI, JAPAN)
Goal of the KOTO experiment
　○Discovery of the KL → π0νν decay
　○Search for physics beyond the SM

< decay diagram >

mediate unknown particle ?

　　○small theoretical uncertainty(～2%) 

　　○suppress in the SM(Br～2.4x10-11)

　　　→sensitive  to new physics.

KL→π0νν
2γ

undetected
signal event @ KOTO

2γ + nothing

CsI calorimeter

KL

ν

Charged Veto

charged

charged

○Charged particle counters in front of the CsI calorimeter.
○reject Kaon decays including charged particle below one-1010th.
　→need 10-3 inefficiency against a charged particle which 
        penetrates CV toward the calorimeter  at 100 keV threshold .

< CV and CsI calorimeter>

<CV over view> <each module design>

○two plastic scintillator planes (48strips + 44strips).
○make overlap of scintillator strips to reduce the gap.
　groove wavelength shifting fibers.

　use MPPC for the both-end readout of the fibers.

analysis flow

<photo of CV>

Introduction to the KOTO experiment

Introduction to Charged veto

to achieve high light-yield and efficiency over the whole area.

Evaluation of the inefficiency of a Charged veto
○measured in June, 2012, at the Koto beam line.
○environment of  the experimental area：air(beam power:6kW)

○tracking：Drift chambers + Hodoscopes(require 2 tracks)

1 reconstruct XY of 2tracks by the drift chambers

 matching of hodoscope hit and track2

matching of CV hit and the track4

<hodoscope (blue) and CsI active region(red) >

track from chamber

COE@CsI

define as "hit distance"

5

1 4 ensure track reconstruction
5 ensure charged-particle hit position

conclusion
○We designed and constructed, evaluated CV performance.
○CV requires 10-3 inefficiency for rejection of background.
○CV achieves ～2×10-5 inefficiency.

○main systematic uncertainties.
　→due to accidental hit (3%).
　→due to contamination of unqualified track(1.7±0.14%).

calculate hit position on CsI3

2

RCVData
Entries  1113168
Mean   0.5619
RMS    0.2042

Energy depodit (MeV / 5 keV)
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

-710

-610

-510

-410

-310

-210

RCVEnergy deposit

RCVData
Entries  1113168
Mean   0.5619
RMS    0.2042

RCVMC
Entries  999563
Mean   0.5351
RMS    0.1977

RCVEnergy deposit
100keV threshold

Data：14 / 1113168
           = 1.258±0.336×10-5

MC：10 / 999563   
         = 1.00±0.316×10-5

Upper limit：1.88×10-5

@90%.C.L.

front layer Rear layerthe track position of
inefficiency event
○Black square (0.6×0.6mm2)：
　hole for fixing scintillator.
○most inefficiency event 
  penetrate the hole or bounds
  of scintillators.

check energy deposit of CV6

reject unqualified track5

track near the CsI hit

track far from the CsI hit

5

CsI

CV

NCC

MBFB
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Timeline of KOTO 

18 

Closing vacuum chamber 
                            (2012 Dec) 

Charged Veto installation (2012  June) 

NCC installation 
(2012 Nov) 

FB installation (2012 Nov) 

Main Barrel installation (2012 Dec) 

Sub detectors (CC04 etc.) 
Installation (2012 Dec) 

2013 Jan engineering run 

1st physics run 
2013 June 

Beamline 
construction 
finished 
(2009 Aug) 

CsI 
calorimeter 
stacking 
finished 
(2010 Feb) (2011 Feb)

2013 May



Inner Barrel
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Alternation lead sheet (1mm) and plastic scintillator(5mm) 

Wave length shifting fiber read-out (BCF-92, 𝝓1.5mm)

Inner Barrel Module
25 layers of 1mm Pb + 5mm scintillator	

bound by stainless steel bands	

200 kg/module x 32 modules ~ 6 tons

5
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Assembling History

0

8

16

24

32

12/9 12/1912/2212/2512/2812/31 1/3 1/6 1/9 1/12
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Jan. 13th, 2016
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40

Feb. 17, 2016
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41Moved to J-PARC	
Feb. 17, 2016
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Installed 
April 1, 2016 



Result of 2015 Run

18

Several detector upgrades   to 
reject background events 
observed the first physics run  

Background estimation with 
blinded signal region

Opened Box in June 2018 

No signal candidate 

BR<3.0×10-9 @90%C.L.



Background budget
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KLà π+π-π0

Low pt events
• KL-> π+π-π0

CC05 CC06

vacuum pipe

γ

γ
π+π-

CSI
CC04

2 gammas from pi0 hit the CsI calorimeter.
charged pions are interacted in vacuum pipe and can not be detected by 
the veto detectors.

12
14年3月7日金曜日

π+ and/or π- were not detec-
ted due to interaction with 
vacuum pipe



KLà π+π-π0
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CsI CC04 CC05 CC06

BHCV
BPCV

Beam pipe

MB

2015/07/16 13

To suppress low P 
T
 events

● Beam pipe (5mm t) 

           SUS →  Aluminum

● Installed Beam Pipe Charged Veto

– Plastic scintillator 5-mm thick

– Wavelength shifting fiber readout

PMT

WLS fiber

Plastic scintillator

Beam pipe

CC05 CC06

1m

~1/60 reduction expected

CC05

Beam Pipe

CC05
BPCV

Beam pipe with lighter material 

Stainless Steel -> Aluminum 

Beam Pipe Charged Veto 

5mm-thick Plastic Scintillator 

Wavelength shifting fiber  readout
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Downstream Charged Veto
DCV1 DCV2CsI surface 

(z=6168)

1. Membrane doesn’t be changed (using current one). 
2. DCV1 start 946 downstream from the CsI surface. 

1. Cross section is 166mmX166mm and length of 1410mm 
3. DCV2 start 89mm downstream from the DCV1 rare edge. 

1. Cross section is 176mmX176mm and length of 1480mm 
4. Thickness of DCV1 and DCV2 is 5mm 
5. CsI G-10 : change length 900 ->550 

1. start 50mm in front of the CsI



Outgassing
Chamber Evacuation 

P(t) : Chamber pressure at time t 
P0 : Initial Pressure 
S : Pumping speed 
Q : Rate of outgassing 
V : Volume of chamber

24
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Measurement on outgassing rate 
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Outgassing rate of plastic scin. 

Q = 1.0X10-6 Pa・m3／s for 2X10-5m2



DCV contribution 
Total surface of DCV : 2 m2 

 90.1 times larger than test sample 

Pumping speed of TMP : (800 l/s)X4 

Outgassing rate :1.0X10-6 Pa・m3／s 

Total outgassing rate:9.0X10-5 Pa・m3／s 

Reaching Pressure P = 2.8 X 10-5 Pa

27



R&D for light guide

Simple transparent light guide  
Matter of material selection  
                  refection sheet

Variation of light guide  
  To change shape of light guide for    
  better light collection

No light guide 
  Insert fiber into reflecting box

Variation of reflecting box 
  Insert a reflecting cone in the box

Sample making



Bending Loss How to determine R ?



Bending Loss How to determine R ?

Multiple-time measurement 
Non-reversal (large R -> Small R) 
PMT V.S. MPPC 



For better measurement

75.0

75.0

55.0

2XØ4

R=１5から50まで5mmステップで、溝の深さと幅は1.7mm

R=15

R=50

10.0

150.0

150.0

120.0

2XØ6.5

R=5から50まで5mmステップで、溝の深さと幅は1.7mm

R=50

15.0

R=5



Pitch dependency ?

3 different pitches of groove 
  10mm 6.6mm, 5mm 
2 different WLS fiber 

- Best light yield ! 



First trial

90.0

可能な長さ

12.0

2.0

3.05.6

R25

12X12　(深さ３の溝:両断）

10.05.0

4XM3 (深さ：３）

40.0

Will be delivered by the end of this month 
Overall configuration will be tested



Things to do
Decision on pitch of groove 

Selection of Reflector 

Design of fiber attachment (lightguide) 

Establishing gluing process 

Read-out circuit  

Feed-through

34



Decision on pitch of groove

Select one of the 6 different configuration. 

Best light yield. 

Position dependency 

Kye is the measurement on  number of 
photo-electorns 

- By the end of this week ?  

Repeat same measurement with EJ-200 

- By the end of this month

35

Y11 : Bending loss 
         Light Yield



Selection of Reflector 
Large light yield  

As light as possible (~tens of micron ?) 

Operation inside vacuum  

No falling down into the beam line 

Alumilized myler   

1st week on October (including wrapping method)

36



Design of fiber attachment (lightguide)

Design & prototype making - by the end of  Sep. 

Test & selection by the middle of Oct. 

Gluing process will be related.

37



Read-out circuit & Feed-through

38

Study at KEK 

1st prototype by middle of Oct. 

Final design by the end of Oct. 

Production by the end of Nov.



MPPC selection

39



MPPC selection

40

Ask estimate for 50 pcs (~4M Won)



9 10 11 12

Scintillator delivery
Groove making

Gluing

Prototype I 
(Light Yield) Prototype II  

(Vacuum test)

pitch (p.e. meas.)

Bending loss

read-out

Light guide

Feed-though (signal cable, connector)

read-out (Fabrication)

Feed-though (Fabrication)

Prototype 0 
(gluing test)

MPPC selection MPPC delivery

Schedule

No contingency plan. Keep schedule

(p.e. meas.)
Reflector



p.e. Measurement ?
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3

MPPC (Multi-Pixel Photon Counter) S13360 series

Amplifier

Signal

1 kΩ

+V

MPPC

0.1 µF

Connection example

KAPDC0024EB

Electrical and optical characteristics (Typ. Ta=25 °C, unless otherwise noted)

Type no.
Measure-

ment 
conditions

Spectral 
response 

range
λ

Peak 
sensitivity 

wavelength
λp

Photon 
detection 
efficiency 

PDE*4
λ=λp

Dark count*5

Terminal
capaci-
tance
Ct

Gain
M

Break-
down 

voltage
VBR

Crosstalk
probability

Recom-
mended 

operating 
voltage

Vop

Tem-
perature 

coefficient 
at recom-
mended 
operating 
voltage
ΔTVop

Typ. Max.

(nm) (nm) (%) (kcps) (kcps) (pF) (V) (%) (V) (mV/°C)
S13360-1325CS

Vover
=5 V

270 to 900

450

25

70 210 60

7.0 × 105

53 ± 5

1 VBR + 5

54

S13360-1325PE 320 to 900
S13360-3025CS 270 to 900

400 1200 320
S13360-3025PE 320 to 900
S13360-6025CS 270 to 900

1600 5000 1280
S13360-6025PE 320 to 900
S13360-1350CS

Vover
=3 V

270 to 900

40

90 270 60

1.7 × 106 3 VBR + 3

S13360-1350PE 320 to 900
S13360-3050CS 270 to 900

500 1500 320
S13360-3050PE 320 to 900
S13360-6050CS 270 to 900

2000 6000 1280
S13360-6050PE 320 to 900
S13360-1375CS

Vover
=3 V

270 to 900

50

90 270 60

4.0 × 106 7 VBR + 3

S13360-1375PE 320 to 900
S13360-3075CS 270 to 900

500 1500 320
S13360-3075PE 320 to 900
S13360-6075CS 270 to 900

2000 6000 1280
S13360-6075PE 320 to 900
*4: Photon detection effi ciency does not include crosstalk or afterpulses.
*5: Threshold=0.5 p.e. 
Note:  The above characteristics were measured at the operating voltage that yields the listed gain. (See the data attached to each product.)S13360-6050CS

AD8001A
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Wide pedestal ?
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Wide pedestal ?

p0
p1
p2

Single electron 1.6X10-19 
MPPC gain :1.6X106 

Amp gain : 10 
    => 2.6X10-12 C ~ 10 ch 
 

0.25pC/ch

Dark count  
~ single photon? 
 



For 
Weak LED Light
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Diff. Over Voltage
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OV : 3V

OV : 7V

OV : 5V
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 With this  fitting performance, 
 it is hard to mention about 

 single photon 

Reconsider fittine function



Two issues
To understand Noise. 

clear peak  

Removing high frequency components ? 

Just cancellation out for charge integration ? 

Higher gain amplifier

49
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Two issues
To understand Noise. 

clear peak  

Charge sensitive   

Higher gain amplifier
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Summary
New type of charged particle detector. 

There are lots of R&D items. 

We will fabricate the detector by the 
end of this year. 

It will be good candidate for trigger 
counter for LAMPS. 
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