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                 崩壊とは？

•ループを含むダイアグラム：New Physicsに感度がある！

•CPの破れの大きさを決めるCKM行列の複素成分 η を１％程度の小さ
な理論的不定性で測定できる

➡ 標準理論とそれを超える物理への良いプローブ : Golden Mode

•非常に稀な崩壊 + 全てが中性の粒子：意欲的な実験！
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Figure 1.3: The unitarity triangle. (a) Representation of the triangle formed by the CKM
matrix element in the complex plane. (b) Rescaled triangle with vertices A,B and C at (ρ̄, η̄),
(1, 0) and (0, 0), respectively. In this context, ρ̄ = ρ(1− λ2/2) and η̄ = η(1− λ2/2). As will be
described in later, the branching ratio of the KL → π0νν̄ decay determines the height of the
unitarity triangle.

1.2.2 Current status of CKM parameters

As shown in Equation 1.25, A,λ and η determine the size of CP violation in the Standard Model.
They are also used in theoretical calculations to predict the branching ratio of KL → π0νν̄
decay, as will be discussed in the next section. Therefore, we briefly summarize the current
status of constraints on the CKM parameters, which are imposed from a combination of various
experiments.

The λ = |Vus| is determined by the decay rates of strange particles. The current average
value is reported to be |Vus| = 0.2200 ± 0.0026 [5]. The A can be determined with the λ and
the measurement of the |Vcb| as shown in Equation 1.20 and 1.23. The |Vcb| is obtained from
the semi-leptonic decays in B mesons to be |Vcb| = (41.3 ± 1.5) × 10−3 [5].

The constraints on (ρ̄, η̄) plane, where ρ̄ = ρ(1 − λ2/2) and η̄ = η(1 − λ2/2), respectively,
are imposed from several experimental measurements. A detailed description can be found in
ref. [5]. The |ε| and sin 2β are typical parameters in the K and B meson systems, respectively.

The |ε| is connected to (ρ̄, η̄) through the relation [10]:

ε = η̄A2BK

[
1.248(1 − ρ̄)A2

(
mt

170(GeV)

)1.52

+ 0.31

]
, (1.28)

where BK is the ratio of the true matrix element to that obtained using vacuum insertion, and
it is estimated to be 0.85 ± 0.15 [11].

The decay processes of b → cc̄s give, in the time-dependent CP violation, an important
parameter sin 2β, where β is an angle of the unitary triangle in the (ρ̄, η̄) plane as shown in
Fig. 1.3 (b). The present experimental results from BELLE and BaBar experiments determine
it to be [5]:

sin 2β = 0.736 ± 0.049 . (1.29)

All the constraints on the (ρ̄, η̄) nicely overlap in one region as shown in Fig. 1.4. The
measurement in the K meson system, |ε|, and the measurement in the B meson system, sin 2β,
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KOTO detectorAnother background is π0 production from beam neutrons interacting
with residual gas in the decay region. In order to suppress this background,
the decay volume is evacuated to 10−5 Pa, as was obtained in E391a by
separating the detector and the decay region with a thin film.

Figure 14: Schematic view of detector setup.

4.3.1 Calorimeter

The electromagnetic calorimeter measures the positions and energies of pho-
tons to reconstruct π0 in the K0

L → π0νν decay. In the E391a experiment,
the Calorimeter was made of 576 pure CsI crystals. Each crystal was 7.0×7.0
cm2 and 30-cm long (16 X0) [59].

For the experiment at J-PARC, we plan to replace these crystals with the
pure CsI crystals used in the calorimeter of the Fermilab KTeV experiment.
The crystals, called “KTeV CsI crystals” hereafter, are smaller in the cross
section and longer in the beam direction (50 cm, 27 X0) than the crystals in
E391a, which ensures us much better performance in the new experiment.
Figure 15 shows the layout of the new Calorimeter, which then consists of
2576 crystals. These crystals are of two sizes, 2.5 × 2.5 × 50 cm3 for the
central region (2240 blocks), and 5.0×5.0×50 cm3 for the outer region (336
blocks) of the Calorimeter.

The reasons for replacing the calorimeter are as follows.

• Reduce the probability of missing photons due to fused clusters.
If two photons hit the Calorimeter close to each other, the generated
showers will overlap and be misidentified as a single photon. Figure 16
shows an event display for two photons that enter the CsI Calorimeter
with 6-cm separation. By using the KTeV CsI crystals, two photons
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•シグナル事象：π0からの２つのγ線、それ以外に何も観測されない事象

•入射するγ線のエネルギーと位置を測定：CsIカロリメータ

2700本のCsIで構成される
カロリメータ



KOTO実験で用いる電磁カロリメータ

CsI結晶の保管とテストのための
ドライルーム

・KTeV実験で使用されたpure-CsI結晶を借用
・Fermi labから移送され、現在は阪大に保管

5×5×50cm 2.5×2.5×50cm
5cm角と2.5cm角の二種類 27X0



CsI結晶

•光量 : p.e./MeV

• Light uniformity : PMTに到達する光量がシャワーの発生位置に依らない事
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PMT/Base

• PMT

•リニアリティ＆ゲイン測定

• Base

• Cockcroft Walton型（非抵抗分割型）

•低発熱 : 150mW

•低ノイズ
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Bessel filter
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CsIカロリメータのビームテスト

• (旧)核理研, 東北大学

• 1/18-1/22

• 4/12-4/16

i) 個別に開発を行ってきた測定機器の統合試験

•細かな問題の洗い出し

ii) カロリメータとしての性能評価

➡ ５月からJ-Parcにてカロリメータの建設



セットアップ

•2.5cm角 144(12x12)本のCsI結晶

• 1mm角 scintillating fiber tracker ２層



セットアップ

•2.5cm角 144(12x12)本のCsI結晶

➡ 今回は 48(8x6)本

• 1mm角 scintillating fiber tracker ２層



beam

セットアップ

beam



raw data ( view from downstream )

cosmic rays LED flasher



calibration
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• 宇宙線を利用

data MC



beam data ( view from downstream )
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total energy

•広がりは～2.5%
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位置情報
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After pulse?

•よく見るとメインの波形の後にもう一つのコブが見える
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After pulse?

time[ns]
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nt

オシロで記録したCsI+PMTの波形
bessel filterの回路シミュレータの出力

➡ Bessel filterのパラメータが最終的なCsI結晶からの波形に最適化されていなかった



Summary

• J-Parc E14 KOTO実験用CsIカロリメータを構成する個々の物について研究、
測定を進めてきた

•東北大学 (旧)核理研でカロリメータのビームテスト

•カロリメータを構成するものの統合試験（１月）

➡ 基本的な動作を確認すると共に、問題点も発見／改善

•カロリメータの最終的な性能評価（４月）

➡ ５月からJ-Parcにてカロリメータの建設開始

➡ 秋からエンジニアリング・ラン


