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Abstract. We report the performance of a new scintillator array Downstream Charged Veto

(DCV) for the J-PARC KOTO experiment to suppress the KL ! ⇡+⇡�⇡0
decay background.

Since the background originates from undetected charged pions passing through the beam hole

of the electromagnetic calorimeter, the DCV detector was installed in vacuum downstream of

the calorimeter. The DCV is composed of two plastic scintillator pipes read out by Multi Pixel

Photon Counters (MPPCs) through wavelength shifting (WLS) fibers. The light yield was found

to be 60 photoelectrons/0.8 MeV in a test bench when cosmic-rays pass through the center of

the DCV. Energy calibration was performed using cosmic-rays after installation.

1. Introduction
The KOTO experiment at J-PARC aims to study the KL ! ⇡0⌫⌫̄ decay, which is one of the
most sensitive probes to new physics beyond the standard model (SM). Its signature is a pair
of photons from a ⇡0 decay without any additional activity in the hermetic detector system
surrounding the decay region. To detect this highly suppressed decay, expected at 3 ⇥ 10�11

in the SM, it is important to reject background events related to other kaon decay modes. At
the single event sensitivity of 1.30 ⇥ 10�9 achieved with 2015 data by KOTO, the number of
KL ! ⇡+⇡�⇡0 background events was estimated to be 0.05 [1], which corresponds to 2 events
at the SM sensitivity. The decay becomes background when charged pions passing through the
beam hole are undetected due to their interaction with non-active materials. A Monte Carlo
simulation shows that most of ⇡+ and ⇡� particles disappear in three sections, as illustrated
in Fig. 1. One is the membrane which separates the 10�5 Pa decay region and the 0.1 Pa
detector region. Another source is square pipes made of 0.5-mm-thick G10 plates placed inside
the calorimeter and the CC04 separately, which prevents the membrane from drooping toward
the beam axis. The last one is a beam pipe made of 10-mm-thick aluminum for extending the
vacuum region downstream.

To suppress the KL ! ⇡+⇡�⇡0 background, such charged pions should be detected before
they interact with those non-active materials. In this respect, we decided to install a new charged
particle detector, named DCV, inside the high vacuum region downstream of the electromagnetic
calorimeter. To maximize the detector performance, the DCV should be placed as close as
possible to the calorimeter. Since the DCV is able to support the membrane, we do not need
the G10-pipe inside the CC04 anymore. The G10-pipe placed inside the calorimeter is still
needed, though its length can be shortened.
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R&D topics : Vertical vs Parallel
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R&D topics : The length of the fiber in the light guide
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R&D topics : Fiber cut condition
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R&D topics : Fiber cut condition

• For consistency and sufficient light yield, It is 
recommended to choose a diamond cut method.
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R&D topics : Pitch dependence
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Pitch length 5 mm 6.6 mm 10 mm
Number of fibers 20 15 10
Number of p.e. ~ 55 ~ 53 ~ 46
Light yield Ratio 100% 96% 84%

Fiber length 70 cm (from center of scintillator to MPPC)
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R&D topics :Thickness of the aluminum mylar
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R&D topics :Thickness of the aluminum mylar

• A 12 μm thick of reflector is enough to reflect the light compared 
the other reflectors.
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R&D topics : Reflector in the light guide

In previous polished fiber

Nothing Placement of 
the aluminized mylar
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the tetrahedron-shaped 
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R&D topics : Reflector in the light guide

•Tetrahedron-shaped reflector increased about 30% efficiency of 
light yield. 

•The way to create a large number of tetrahedron-shaped 
reflector is currently under study.

ADC Channel
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

Ev
en

ts

0

100

200

300

400

500

600

Mean : 1518.26, Sigma : 401.65

Mean : 1610.38, Sigma : 418.32

Mean : 2022.88, Sigma : 461.54

h[0]

Tetrahedron-shaped

Nothing

A sheet of reflector


