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K0TO実験
• KL→π0νν の分岐比を検証

標準理論(SM)ではBR=3×10-11と予想
E391a実験：2.6×10-8 (90%レベル)上限値
K0TO実験ではSMの感度を目指す
分岐比がより大きければ、 新しい物理の存在を示す

• 稀崩壊 ーη

ーρ

K0L ! π0νν

B ! J/ψ K0

小林・益川理論のユニタリ三角

• 小林益川行列の複素成分ηを数％の小さな理論的
不定性で測定可能な Golden Mode
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KOTO実験 でのシグナル検出

• CsIカロリメータにてπ0からの2γを検出

• CsIカロリメータ以外の全ての検出器にて他事象をveto(除去) 

Main Barrel

←CsI カロリメータ

ν 
ν 

γ 

γ 
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横方向光子検出器(Main Barrel(MB))

✴E391a実験のMBを再利用、改良して使用
✴E391aでは鉛とシンチレータ積層構造

• 現在予想される主なback groundは、 KL→π0π0からの計4γの
うち2γをlossした場合が該当

• signal lossも要検討

Main Barrel

←CsI カロリメータ
γ 

γ 

γ 

veto

veto

E391a MB

# π0π0 background # signal

2.9±0.4 events 3.42±0.02 events
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MB and source of inefficiency

FB

FB

E391a MB

E391a MB

CsI

CsI

3. add inner barrel

2. MB in proposal

1. E391a MB + ~5X0 

• Gamma inefficiency

punch through photo nuclearleakage sampling effect

nγ

• Gamma inefficiency

Pb

detect

×○
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←perpendicular

incident 
E[MeV]

[deg]

- Not many high Eγ with 
normal incidence. 

✦ No more thickness

✦ More improvement? 
→inside?, →CsI?

E391a MB

proposal MB

test

# π0π0 background 

2.9±0.4 events

1.39±0.09 events

1.3±0.1 events
+10X0

+5X0

MB

90° 

MB

170° 

# π0π0 background vs MB thickness
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E391a MB
• π0π0 background incident position

✦ 全面覆う必要はなく、改善効果の
大きい上流(z=2500~4000)、下流
(5000~)部分のみの改善でも効果

黒：proposal

赤：proposal 

          +3cmCsI

Z[mm]

E391a MB

proposal MB

test

# π0π0 background 

2.9±0.4 events
1.39±0.09 events
1.3±0.1 events

proposal MB 
+ 3cm厚CsI 0.87±0.03 events

FB
CsI

+10X0

+5X0

CsI Barrel to reduce Sampling Effect & Photo Nuclear
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Comparison with MB in propossal

E[MeV]

黒：5°

赤：25°

青：45°

ピ：85°
MB

85° 

↓ Figure from proposal paper

Figure 56: Photon detection inefficiencies for CsI crystals (Left) and a sam-
pling calorimeter (Right) as a function of incident photon energy. The open
black circles are experimental data for photonuclear interactions. Monte
Carlo results for the inefficiencies due to punch-through and sampling fluc-
tuations are shown in the Right figures as colored points. Different colors
indicate different incident angles on the detector. The solid curves are the
model inefficiency functions obtained by fitting the data and Monte Carlo
results.

88

Effective for both 

sampling effect and 

photo nuclear reaction+CsI MB
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An Idea of CsI Barrel structure
•3cm thick × 7.5cm wide × 30cm long /crystal 

•80 crystals/2π

•if we cover 3meters in z direction, need 
800modules (total 400 E391aCsI)       

•read out by pmt (or fiber) from one side (?)
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background & signal loss at CsI barrel
• back groundとback splash を検討

✦ Back Splash Photon Effect
    電磁シャワーの漏れによりsignal event の一
部がveto検出器に反応を生じるシグナルロス CsI

MB

• inner barrel:                                                      [MeV]

                                                                            [ns]

　                      σz~10cm (fixed position in each module)

　proposal MB:                                                      [MeV]

　

※ Assumed resolution from detector structuretest KL → π0ννKL

σEi = CEi
√

Np.e.Edep/Np.e.

σT = CT /
√

Np.e.Edep

where Np.e. = 10, CEi = 1, CT = 9.0

σEo = CEo
√

Np.e.Edep/Np.e.

where Np.e. = 13.8, CEo = 2.8

σEi = CEi

√
Np.e.Edep

Np.e.
σEo = CEo

√
Np.e.Edep

Np.e.

π

1

test KL → π0ννKL

σEi = CEi
√

Np.e.Edep/Np.e.

σT = CT /
√

Np.e.Edep

where Np.e. = 10, CEi = 1, CT = 9.0

σEo = CEo
√

Np.e.Edep/Np.e.

where Np.e. = 13.8, CEo = 2.8

σEi = CEi

√
Np.e.Edep

Np.e.
σEo = CEo

√
Np.e.Edep

Np.e.

π

1
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Z[mm]

Z[mm]

E[MeV]

Z[mm]

E[MeV]

98%

Low Energy γ separation

• Edep / Z in inner barrel (Edep ... a cluster energy sum)
• cut line ......gaussian fit in each Z,    threshold = Peak - Nσ

• Edep on proposal MB < 0.5MeV

• Edep / Z in inner barrel (左: 2pi0 BG,  右: pi0nunu signal events)

ex.) 2σ
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t[ns]t[ns]

• Edep on proposal MB < 0.5MeV

• maximum Energy in modules

• background(π0π0)のhit timingとZposition • backsplash(π0νν)のhit timing とZposition

Z[mm]Z[mm]

CsI

MB

CsI

MB

Tdist

Tdist

timing difference (Tinbar-Tcalo / Z in inner barrel)

event>Tdist ... 
acceptance 50%
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original Edep / Z cut T / Z cut Edep / Z,  T / Z

BkSp loss (※) 31% 14% 16% 7%

2 pi0 BG 0.60 ± 0.02 1.16 ± 0.05 1.04 ± 0.04 1.99 ±0.06

accepted pi0nunu 2.36 ± 0.02 2.98 ± 0.02 2.90 ± 0.02 3.57 ± 0.03

S/N 3.93 ± 0.17 2.56 ± 0.11 2.78 ± 0.12 1.79 ± 0.00

S/   (S+N) 1.37 ± 0.01 1.46 ± 0.01 1.46 ± 0.02 1.51 ± 0.00

background & signal loss ratio

• Edep / Z
黒：S/N

赤：S/   (S+N) 

test KL → π0ννKL

S/
√

S + N

π

1

[σ] [ns]

test KL → π0ννKL

S/
√

S + N

π

1

• T/Z
• Cut condition in MB w/ CsI Barrel
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Summary & to do
• MCにてMBの検出効率を検証

• Punch-through effectは既存MBに5X0 の物質量を加えるこ
とでbackgroundが1/2に改善

• 既存MBの内側にCsIを加えた場合、sampling effectおよび
photo-nuclear interactionからのbackgroundに効果

• Energyと入射位置に対する時間情報の違いからBack-splash 

photonをbackground eventと分離することで、S/  (S+N)を
改善

• 今後、想定した性能を満たすdetectorを開発

test KL → π0ννKL

S/
√

S + N

π

1
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backup
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Comparison of CsI with proposal MB 

Z[mm]Z[mm]

Z[mm]

Z[mm]

E[MeV]E[MeV]

θ[deg] θ[deg]

(both up and down figure)   Left:  proposal MB,   　
Right:  CsI barrel + proposal MB
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Comparison of CsI with proposal MB 

• # π0π0  Background 

Left:  proposal MB,   　Right:  CsI barrel + proposal MB
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Inefficiency of CsI Barrel + MB in proposal  

E[MeV]

black：5°

red ：25°

blue：45°

pink：85°

CsI Barrel 3cm CsI Barrel 5cm 

memo
5deg5MeV→10MeV......leak→photonucl 

E[MeV]
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- applied punch through probability in Geant4 function to 
proposal version inefficiency.

- F(Eγ, atomic number, proton number, path length, density)

•Estimate the difference of # backgrounds

ficiency due to punch-through will be greatly improved as shown in Fig. 25.
We will use the current vacuum chamber with a little modification.

Figure 25: Comparison of the γ-detection inefficiency of the Main Barrel
between E391a and Step 1. In Step 1, we will add additional modules made of
5 layers of alternating 5-mm-thick lead and 5-mm-thick scintillation plates.
Black points are the inefficiency of the E391a Main Barrel, and red ones are
for Step 1.

As shown in Fig. 26, the Front Barrel and the collar counters CC01 and
CC02 form an upstream decay chamber in order to suppress KL decays in
front of the fiducial region. As shown in Fig. 27, the Front Barrel consists
of 16 trapezoidal-shaped modules that are made of 59 layers of alternating
lead and plastic-scintillator plates (16.5 X0 thickness and 2.75 meters long).
The light yield is obtained as 20 (10) photoelectrons per 1-MeV deposit at
the nearest (farthest) point from the PMT.

Table 3 summarizes the parameters of the Barrel Photon Vetos.

4.3.3 Charged Veto

Most KL decays include charged particles such as KL → π+π−π0 (12%),
KL → π±µ∓ν (27%), and KL → π±e∓ν (40%), and these decays can become
backgrounds both in the trigger stage and in the analysis stage. For example,
KL → π+π−π0 contains a π0 in the final state and can fake the signal
of interest if the two charged pions are missed. Thus, the decay region
must be surrounded by charged particle veto detectors, as well as photon
veto detectors. There are three categories of charged detectors: the main

38

blackー：KOTO (θ=85°)
redー  ：E391a (θ=85°)
red＋  ：KOTO(proposal)
black＋：E391a(proposal)

Correction of punch through effect

Inefficiency used 
in MC→
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t[ns]

timing difference

• backsplash(π0νν)の (Tinbar-Tcal ) -
Tdist in inner barrel

• background(π0π0)の (Tinbar-Tcal ) -Tdist in inner barrel (上: all modules, 下: 
maximum E module)

t[ns]

50%
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• Low Energy ... sampling effect

• High Energy ... punch through

green: Sampling effect

blue: Punch Through

red: Photo Nuclear

pink: leakage

θ＝85°

E[MeV]

Inefficiency
γ Inefficiency in each Incident Energy

MB

85° 

black: all

Inefficiency of MB in Proposal (~normal incidence)

• ~ normal incidence 
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θ＝5°
green: Sampling effect

pink: leakage 

blue: Punch Through

red: Photo Nuclear 
black: all

Inefficiency

MB
5° 

E[MeV]

Inefficiency of MB in Proposal (shallow incidence)

• large incident angle γ to MB surface

γ Inefficiency in each Incident Energy

• Low Energy ... sampling effect

• High Energy ... photo nuclear
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Inefficiency of CsI Barrel + MB in proposal  

E[MeV]

black：5°

red ：25°

blue：45°

pink：85°

CsI Barrel 3cm CsI Barrel 5cm 

memo
5deg5MeV→10MeV......leak→photonucl 
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