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KOTO実験におけるDAQシステム
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Physics on 
• Standard Model : FCNC 
• CP-violating: 

• Rare: 

• Accurate: 
• theoretical uncertainty < 2% 

• Good probe for New Physics search

KL → π0νν

September 4-7, 2013 T. Nomura (KEK),  PIC 2013 - IHEP, Beijing

K→πνν in the Standard Model

Process via loop diagrams
KL case:

• Top quark dominates
– K0-anti-K0 superposition extracts

imaginary part of  the amplitude

• CP violating

K+ case:
• Top and charm contribute

– Absolute value of  s→d amplitude

Theoretically clean
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Vts

𝒜KL→π0νν ∝ 𝒜s→d − (𝒜s→d)* ∝ Im𝒜s→d

KL ∝ K0 − K0

BR(SM) = 3 × 10−11 ∝ VtsV*td
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Experimental search for KL→π0νν
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10−10
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Indirect limit
Direct limit (KOTO 2015)

New Physics?
pinn stuffs
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Hors d’Oeuvre New Physics Reach of Flavour Physics

A Glimpse at the Zeptouniverse

recent analysis of tree level flavour changing Z0
: Buras et al. (2014)

K ! ⇡⌫⌫̄ decays sensitive to
scales up to 2000TeV if left- and
right-handed FV couplings are
present

(fine-tuned) cancellation of e↵ects
in K0 � K̄0 mixing required

new physics reach of B decays
lower by an order of magnitude
(⇠ 100TeV!)

‚ high precision in rare K and B decays is crucial!

6 M.Blanke Flavour Physics Beyond the Standard Model

http://www.lnf.infn.it/wg/vus/content/Krare.html
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BKL→π0νν < 3.0 × 10−9(90 % CL)

BKL→π0νν < 8.1 × 10−10(90 % CL)

BR(KL → π0νν)
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Experimental principle

proton

target
Neutral beam line

θ
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Assuming 2γ from π0, 
Calculate z vertex. 

Calculate π0 transverse momentum

M2(π0)=2E1E2(1-cosθ)

E1
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KL→π0νν decay
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π0KL

̅

̅
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KOTO detector 
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KOTO detector 
Detector

2/22/2018 7Myron Campbell and Yau Wah

Front barrel (FB)

Neutron collar counter (NCC) Main barrel (MB) Charged veto (CV) Calorimeter

CsI	calorimeter	+	Herme2c	veto	system

γ
γ

KL
ν ν

 8

NCC

Front Barrel (FB) Main Barrel (MB) Charged Veto (CV) Calorimeter
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the inefficiency by adding 5 X0 another inside the MB. According to the Monte-Carlo (MC)
estimation, the amount of K0

L → 2π0 will be suppressed by a factor of three
The IB detector is a sampling calorimeter as shown in Fig. 2. It consists of 25 layers of

5-mm-thick scintillators and 24 layers of 1-mm-thick lead plates, corresponding to 5 X0. The
32 modules were made in a trapezoidal shape and formed as a cylindrical detector. The volume
is 3 m long along the beam direction, and inner and outer diameters are 1.5 m and 1.9 m,
respectively. Scintillation light is read out by a photomultiplier (Hamamatsu R329-EGP or
R7724-100) at both ends via Wave Length Shifting (WLS) Fibers (BCF92).

Figure 1. Schematic cross-sectional view of
the KOTO detector. The main background
event, KL → 2π0, is also displayed. The new
detector is shown as blue color.

Figure 2. Top Left) The WLS fibers are
attached in the scintillators. Bottom Left)
One module consists of 25 layers of 5 mm
thick scintillators and 24 layers of 1 mm lead
plates. Right) Formation as cylindrical shape.

3. Module production, construction and insertion to the existing KOTO detector
First, we attached WLS fibers to all 800 scintillators with UV adhesive. After the fibers were
glued, we found some cracks in the scintillators caused by uncured adhesive behind fibers. We
reproduced new scintillators with fibers for those who have large cracks and also annealed to
other scintillators at 80◦C for 3 hours to increase chemical resistance based on the result of
damage test.

In 2015, we started to make modules as shown in Fig. 3. To bundle the module, we used 0.75
mm-thick stainless band in 9 points. The accuracy of the module production was determined to
less than 1 mm. The modules were supported by 8 rings as shown in Fig. 4. All the production
and construction processes were made in KEK. The detector was delivered to J-PARC, and then
installed in April 2016. To insert the IB in the MB, the IB detector was pulled on the teflon
plates attached to the MB and the support rings.

4. Performance check
After installation, the performance of the IB detector was evaluated with the data. Figure
5 shows the timing resolution evaluated with cosmic-rays passing through the MB and IB
detectors. We obtained the timing resolutions by comparing relative hit timings between the
MB and the IB. The results were almost consistent with the expected values considering the
light yield, the decay time of WLS fibers and readout modules.

In May-June 2016, the first physics run with the IB detector was performed. To check the veto
response of the IB, we studied events which had four photons in the CsI calorimeter requiring no
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Inner Barrel (IB)

CsI～3000CH.
他 ～1000CH.
合計～4000CH

1.1e7KL 
@beam exit(/spill) 
@50kW

5%くらいが 
崩壊領域内で崩壊する



KOTO Trigger strategy
(2γ in CsI + Nothing)

γ
γ

ν

π0KL

ν̅

KL→π0νν decay

π±

e(μ)±

KL→πeν(πμν)

KL→3π0

• CsIに大きなエネルギー損失(Et)  :  430K/spill 

• Veto検出器にHitがない(Veto)    :   14K/spill 

• CsIに2クラスター(Clustering)   :     2K/spill

KL

KL

KL→π+π-π0

KL

π+
π-

分岐比
KL→πeν 40.6%
KL→πμν 27.0%
KL→3π0 19.5%

KL→π+π-π0 12.5%

Kのメイン崩壊モード
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KOTO DAQ 概略図 (Trigger生成部)

Trigger Crate

CsI Et

FADCLocal 
CDT

CsI Crate 
(×11)

Clustering

Master 
CDT

Clustering OFC
Et/Veto OFC

Veto 

FADCLocal 
CDT

Veto Crate 
(×7)

Fan out CDT

各CrateのCDTへ 
Clock/triggerを配布

Clock/ 
Trigger

Clock/ 
Trigger

Clock

CDT OFC
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オプティカルリンク (16bit)

イーサネット(LDVS) 
Trigger/Clock/Error/Clustering



KOTO DAQ 概略図 (読み出し部)

L2 crate

Local CDT

PC

Trigger

Masterからの 
Trigger

CsI(Veto) Crate

PC
PC

20Gbps 
Infiniband PC

PC
PC

Buffer Strage 
@東海

KEK-CCへ転送 
(4Gbps)

1Gbps Ethernet

2.5Gbps 
optical link

FADC L2 Board
16 inputs

1 outPCへ 2GBメモリー 
 ～16K events

16 FADCs

18 L2 Boards
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KOTO FADCs

• 16ch 14bit 125MHz FADCs 

• w/ Gaussian filter

• 4ch 12bit 500MHz FADCs 

• w/o filter 

• 主にBeam中に置かれた検出器に使用

L2 読み出し
Et,Veto

Clock,Trigger 
Clustering,Error

Optical Link

Ethernet port

信号入力部

信号入力部

125MHz FADC
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KOTO FADCs
Pipeline読み出し

L2 Board
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Et/Veto 

• 8ns毎に計算 

• Et=Σ(Energy) 

• Veto=OR(Energy>閾値)

CsI Et

FADCLocal 
CDT

各Crate 
からのEt

x11
各Crateから 
のVeto bit

x5

Crate

Optical Fiber Center (OFC)

• Local CDT 

• Crate内の各FADCから 
の情報をまとめる 

• Optical Fiber Center(OFC) 

• 各Crateからの情報をまとめる
11



Et/Veto 
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注:CalorimeterのEfficiencyはデータの外挿から求めた点との比



Clustering 
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Clustering 

FADC

Local 
CDT

CsI Crate

Cluster bit

x11

Optical Fiber Center (OFC)
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• Et/Vetoをみたした事象に対して計算 

• 0.16μs(20 clock分)のdead time



Clustering 
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DAQ performance
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Triggerの種類 Trigger条件 #Trigger/
spill

KL→πνν Trigger Et+Veto+2 cluster 2.0K

Normalization Trigger Et+Veto 0.7K

Minimumbias trigger Et 1.5K

4,6 cluster trigger Et+Veto+ 
4 or 6cluster

7.7K

3 cluster trigger Et+Veto + 
3 cluster

1.0K

Sum 13K

Trigger menuのスナップショット
Run79 (2018年6月) : 51kW



Future plan

• Event buildingを上流で行い、PCでより細かな選別を行う。
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まとめ

• KOTO実験はKL→π０νν崩壊探索を通して新物理の探索を行なっている。 

• 大強度のKLビームの中からTriggerの取捨選択をすることが大事 

• 現状は Et + Veto + Cluster countingを基にtriggerを作成し、 
99%のLive timeを達成している。 

• 今後は更なる大強度ビームへの対応、バイプロダクトデータの取得を目指して 
DAQの更なる改良を進めていく。
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