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New Physics Search
• High Energyに新物理 
• Energy Frontier   → LHC 
• Intensity Frontier 
• ΔE × ΔT ~ h  : まれ → 高エネルギー

• 標準モデル = background process 
• 強い抑制 
• 正確な予測



Flavor Changing Neural Current

• FCNC process  (down → up → down) 
• b → d       ex) B→μμ 
• b → s        ex) Bs→μμ 
• s → d        ex) K→πνν 

• GIM suppression 
• 中間のu, c, tの寄与はキャンセル → 0 (ユニタリ)   : まれ 
• topの寄与が最大 (質量差)  : エネルギースケール大 →比較的正確
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+ New Physics

Blanke '13

Potential to explore O(100) TeV

Strangness

s→d : 標準モデル  : フレーバ遷移に最大の抑制 
          新物理        : フレーバ遷移 
                              CKM同様 : Minium Flavor violation 
                              O(1)        : Generic model →高エネルギー



Kaon

• 質量 : 0.5 GeV 
• 寿命 
• KL   50ns   15m 
• KS   100ps  3cm 
• K+   10ns    4m

  

Why Kaon?



KL→π0νν
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K
L
→π0νν

● Rare 

● Accurate  ~2%

● CP violation

● Related process

Buras '15

Measured value
(1.73+1.15

-1.05)×10-10

Direct limit : 

Indirect limit : 



New Physics Models
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Correlations

General SUSY
  (10-TeV scale)

Littlest Higgs with T-parity 
(Symmetry breaking scale 3 TeV)

Z' with Left and Right handed coupling
                   (m

Z'
= 500 TeV) Burlas '15

Blanke '15
Tanimoto,Yamamoto '15

K
L
→π0νν  <2.6×10-8

       v.s.
K+→π+νν  (1.7±1.1)×10-10



KOTO実験-Beam-
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Beam line

Beam plug

Dipole magnet

1st collimator

⇥4m-long⇤

2nd collimator

(4.5+0.5m)

20m

Halo
neutron



KOTO実験 -検出器-
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Detection principle
● 2γ+nothing  → Calorimeter +    Veto detectors

● Beam constraint  → “pencil beam”

6.1m p
T  (M

eV
/c)

Zvertex (mm)
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Detector
~2m

Veto : γ/charged
  10-4 – 10-6 reduction



Status
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Status

Direct limit
   2.6x10-8 (KEK E391a)

Indirect limit
   1.5x10-9 (Grossman-Nir)

SM sensitivity
    3x10-11

10-8

10-9

10-10

10-11

New Physics?

June 2010 by F. Mescia & C. Smith
http://www.lnf.infn.it/wg/vus/content/Krare.html

Excluded with LHC
(Higgs width)

2015 data



解析状況

• 2015 Data : Will open box before June 2018

Modified version

0.18±0.04 0

0.70±0.19

2.29±0.19

0.88±0.18

New
KL->2pi0 0.07±0.07

KL->pi+pi-pi0 0.18±0.05
NCC 0.13±0.07

Hadron cluster 0.26±0.08
CV-pi0 <0.14
CV-eta 0.05

KL->2gamma 0.02±0.02
KL->3pi0 fast <0.01
Masking Ke3 <0.094
Masking K3pi0 0.17±0.12

Sum 0.88±0.18

-Don’t estimate reduction factor of a new CV-eta cut other than CV-eta BG
-Don’t estimate reduction factor of the angle cut for hadron cluster events.

Notification

28
17年12月15日金曜日

PtZ (tight cut)

• No event with tight cut
- seems to be reasonable for NCC region with S.E.S normalization

2017/11/12 5

run75
S.E.S : 1.65*1e-9

�1.65

�0.61

2015 run (�����
�	 12/23, 2016)
S.E.S : 1.0*1e-9

JUM @Kyoto
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ShapeChi2_CSD_ThetaChi2_PSLH

2015Data 
Sensitivity : 1.2×10-9

2017Data 
Sensitivity : 1.7×10-9



解析状況

• 最大の背景事象 
• ハドロンクラスタ

Modified version

0.18±0.04 0

0.70±0.19

2.29±0.19

0.88±0.18

New
KL->2pi0 0.07±0.07

KL->pi+pi-pi0 0.18±0.05
NCC 0.13±0.07

Hadron cluster 0.26±0.08
CV-pi0 <0.14
CV-eta 0.05

KL->2gamma 0.02±0.02
KL->3pi0 fast <0.01
Masking Ke3 <0.094
Masking K3pi0 0.17±0.12

Sum 0.88±0.18

-Don’t estimate reduction factor of a new CV-eta cut other than CV-eta BG
-Don’t estimate reduction factor of the angle cut for hadron cluster events.

Notification

28
17年12月15日金曜日

2015Data

Modified version

0.18±0.04 0

0.70±0.19

2.29±0.19

0.88±0.18

New
KL->2pi0 0.07±0.07

KL->pi+pi-pi0 0.18±0.05
NCC 0.13±0.07

Hadron cluster 0.26±0.08
CV-pi0 <0.14
CV-eta 0.05

KL->2gamma 0.02±0.02
KL->3pi0 fast <0.01
Masking Ke3 <0.094
Masking K3pi0 0.17±0.12

Sum 0.88±0.18

-Don’t estimate reduction factor of a new CV-eta cut other than CV-eta BG
-Don’t estimate reduction factor of the angle cut for hadron cluster events.

Notification

28
17年12月15日金曜日

neutron



信号・背景事象

neutron

Signal Background

MPPC PMT
undoped CsI : 50cm

Timing difference (ΔT=TMPPC-TPMT) 
ΔT(γ) < ΔT(n)

KL ! ⇡0⌫⌫

2�



  

6mm-square MPPC with silicone window

● 50um x 50um pixel

– Gain : 1.7x106 

● 6-mm square

– 14400 pixels

– 1280 pF in total

– Dark rate : 2-6 MHz

● Silicone window (n=1.41)

– UV sensitive

Pure CsI scintillation

    Peak emission : 310nm

 → >20%  effciency

HPK S13360-6050CS

From HPK

CsI emission

Silicone window

300 nm

PDE
20%PDE 20% 

MPPC
• 半導体光センサ 
• 低物質量（0.02X0） 

• シリコーン窓 : UV sensitive 
• 6mm角 + 50μm角ピクセル 
• ピクセル数: 14,400  
• Gain : 1.7×106 
• Dark rate 2-6MHz

6mm



カロリメータアップグレード

PCB

Vacuum直径1.9m

結晶   2.5cm角(2240個) + 5cm角(476個) 
            6mm角 MPPC 1個       4個

4096 MPPCs

  

KOTO calorimeter

2716 undoped CsI crystals
Legnth : 50 cm (27X0)

2.5cm□
5cm□

PMT readout
 → Energy/Position/Time1.9m



グループ読み出し
• 10cm × 10cm領域  → 読み出しチャンネル数256 
• モリエール長 ~3.5cm 
• PMT読み出し : エネルギーと微細構造 
• MPPC読み出し : 時間差 → 深さ方向位置

� �

Grouping of 16 MPPCs in 10cm x 10cm

● Grouping in 10cm x 10cm region

● # of readout channel → 256

– Feedthrough and ADC

● Typical size of cluster ↔ R
Moliere ~ 3.5cm

↔ PMT can resolve >ne structure

Display : π0νν : crystal energy >3MeV       10cm x 10cm group energy>50MeV

6



カロリメータアップグレード

PCB

Amp 
Controller

coaxial cable (1mmφ)

125MHz ADC

4096 MPPCs 1024 cables 256 Amps->ADC

summing up
4-MPPC 
connection

Vacuum

読み出し: 10cm角領域→256チャンネル



ToF
Entries  365073
Mean    48.68
RMS     19.48

ns
40− 20− 0 20 40 60 80 100 120 140

# 
of

 e
ve

nt
s

0

2000

4000

6000

8000

10000

12000

14000

16000
ToF

Entries  365073
Mean    48.68
RMS     19.48G N

TOF TDG
Entries  21156
Mean  0.03899− 
RMS    0.8167

ns
4− 2− 0 2 4 6 8 10 12 14

a.
u.

0

0.02

0.04

0.06

0.08

0.1

0.12
TDG

Entries  21156
Mean  0.03899− 
RMS    0.8167

TDN
Entries  476703
Mean    2.443
RMS     2.309

TDN
Entries  476703
Mean    2.443
RMS     2.309

Gamma
Neutron

Timing difference, w/o pulse shape likelihood ratio cut

TDGPSLR
Entries  19038
Mean  0.06153− 
RMS    0.7697

ns
4− 2− 0 2 4 6 8 10 12 14

a.
u.

0

0.02

0.04

0.06

0.08

0.1

0.12
TDGPSLR

Entries  19038
Mean  0.06153− 
RMS    0.7697

TDNPSLR
Entries  162506
Mean    2.391
RMS     2.263

TDNPSLR
Entries  162506
Mean    2.391
RMS     2.263

Gamma
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Timing difference, w/ pulse shape likelihood ratio cut

性能評価（実験）
γ/neutron beam 

 @RCNP

undoped CsI : 50cm
pulse beam 
proton 

7Li
neutron(~400MeV)

γ(50-350MeV)~400MeV
90% selection 
32% reduction

Observed γ/neutron  
timing difference

Time of flight (ns) Timing difference (ns)
10ns
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KL->pi0nunu

Neutron

Timing difference, comparison, w/o Chi2

削減能力(Simulation)

MPPC PMT
undoped CsI : 50cm

90% signal selection 
<1/10 background reduction 

Timing difference (TMPPC-TPMT)
10ns

Simulation



カロリメータアップグレード

PCB

Amp 
Controller

quartz plate
coaxial cable (1mmφ)

125MHz ADC

4096 MPPCs 1024 cables 256 Amps->ADC

summing up
4-MPPC 
connection

Vacuum中性子フルエンス 
109 1MeV-n/cm2



Realistic setup with e+ beam
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 / ndf 2χ  5.993 / 21
Prob   0.9994
p0        0.04245± 51.28 
p1        0.009034± 0.2326 
p2        0.001222± 0.002016 
p3        0.009394± 0.007587 

 / ndf 2χ  5.993 / 21
Prob   0.9994
p0        0.04245± 51.28 
p1        0.009034± 0.2326 
p2        0.001222± 0.002016 
p3        0.009394± 0.007587 

DarkCurrent
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Prob       1
p0        0.0205± 52.35 
p1        0.5331± 12.58 
p2        0.003909±0.008891 − 
p3        0.009736± 0.02205 

 / ndf 2χ  1.602 / 21
Prob       1
p0        0.0205± 52.35 
p1        0.5331± 12.58 
p2        0.003909±0.008891 − 
p3        0.009736± 0.02205 

DarkCurrent

100kW x 3 snowmass year 
109neq/cm2

e+ beam 
200-800 MeV/c

Bias volage (V)

Ileak  (μ
A)

~2μA ~80μA
Normal Irradiated



Results with e+ beam
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まとめと今後
• KOTO実験のカロリメータアップグレード 
• undoped CsI結晶 
• PMTとMPPCの両端読み出し 

• 性能 
• 時間差分解能→背景事象削減 1/10 
• 放射線損傷→影響小 

• 今後 
• 実機へのインストール　2018年 6月-12月 
• 新物理領域の探索



2.3.3 ϋΠϒϦουଓ

ਤ 2.9: ϋΠϒϦουଓͷճ࿏ਤɻMEG II࣮ݧͰ༻͍ΒΕ͍ͯΔ [11]ɻ

ϋΠϒϦουଓ [11]ͷճ࿏ਤΛਤ 2.9ʹࣔ͢ɻ͜ͷଓํ๏MEG II࣮ݧ
Ͱ༻͍ΒΕ͍ͯΔํ๏Ͱ͋Γɺ྆ಡΈߏػͰ༻͍Δଓํ๏ͷީิͱͯ͠ݕ౼͠
ͨɻ͜ͷճ࿏पʹରͯ͠C1, C2, C3ͷΠϯϐʔμϯε͕R1͔ΒR6

ͷͦΕʹൺ͍ͯͨߴΊɺMPPCͷ҉ిྲྀͷΑ͏ͳྲྀ 4ͭͷMPPCʹ
ରͯ͠ฒྻʹྲྀΕΔɻߴपʹରͯ͠R1͔ΒR6·ͰͷΠϯϐʔμϯε͕
C1͔ΒC3ͷͦΕʹର͍ͯͨ͠ߴΊɺMPPC͕ޫࢠΛݕग़ͨ࣌͠ʹྲྀΕΔ৴߸
4ͭͷMPPCʹରͯ͠ྻʹྲྀΕΔɻͦͷͨΊɺྻଓͱಉ༷ʹग़ྗ৴߸ͷ࣌
ఆMPPC୯ମͷճ࿏ΑΓ͘ͳΓɺ͔ͭMPPCʹ͔͚Δిѹ 60 VҎԼ
ʢMPPC୯ମͷ߹ͱ΄΅ಉ͡ʣʹ͑ΒΕΔɻ

2.4 ֤ଓํ๏ͷධՁ

2.4.1 ์ࣹઢଛই

MPPCKOTO࣮ݧͰͷ༻தʹ์ࣹઢଛইΛड͚Δɻࡏݱఆ͍ͯ͠Δɺ100
kWͷϏʔϜύϫʔͰ 3ؒσʔλऔಘΛͨͬߦ߹ʹCsI݁থͷϏʔϜ্ྲྀଆͷ
໘ʹͨΔ์ࣹઢྔΛਤ 2.10ʹࣔ͢ɻ์ࣹઢྔ࠷େͰ 1× 109neq/cm2ఔ1Ͱ
͋ΓɺͦͷྔϏʔϜ͔࣠ΒͷڑʹԠͯ͡ҟͳΔɻ

1KOTO࣮ݧͰඦMeVͷதੑد͕ࢠ༩͢Δ͕ɺ1 MeVͷதੑࢠʹΑΔଛইʹͨ͠ࢉத
͕ݸͷࢠੑ neq Ͱ͋Δɻ
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