
K稀崩壊
南條　創 
(大阪大学) 

2020.6.4 将来計画委員会勉強会

1



個性？
画一的 個性的 変？

妄想夢

Flavor 
Higgs

実現する力統一的な理解
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1種類：画一的、統一的⇄安定
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1種類：画一的、統一的⇄安定
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2種類：Spin1/2のような状態

昇降演算子W±
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sx, sy, sz → s±, sz
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x3種類 : カラー
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粒子

個性豊かな世界 : Higgsが区別

移り変わり

ドラマチック
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Lepton
Up quark
Down quark 質量も何桁も違う 

個性！ 
離散的⇄charge?
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粒子

反粒子

対称？
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The Nobel Prize in Physics 2008
Why is there something instead of nothing? Why are there so many different elementary particles? This 
year’s Nobel Laureates in Physics have presented theoretical insights that give us a deeper understanding 
of what happens far inside the tiniest building blocks of matter. 

Unravelling the hidden symmetries of nature
Nature’s laws of symmetry are at the heart of this subject: or rather, broken symmetries, both 
those that seem to have existed in our universe from the very beginning and those that have 
spontaneously lost their original symmetry somewhere along the road.

In fact, we are all the children of broken symmetry. It must have occurred immediately after the 
Big Bang some 14 billion years ago when as much antimatter as matter was created. The meet-
ing between the two is fatal for both; they annihilate each other and all that is left is radiation. 
Evidently, however, matter won against antimatter, otherwise we would not be here. But we are 
here, and just a tiny deviation from perfect symmetry seems to have been enough – one extra 
particle of matter for every ten billion particles of antimatter was enough to make our world sur-
vive. This excess of matter was the seed of our whole universe, which fi lled with galaxies, stars 
and planets – and eventually life. But what lies behind this symmetry violation in the cosmos is 
still a major mystery and an active fi eld of research. 

I N F O R M A T I O N  F O R  T H E  P U B L I C

An unexplained broken symmetry at the birth of the universe. In the Big Bang, if as much matter as antimatter was created, 
they should have annihilated each other. But a tiny excess of one particle of matter for every ten billion antimatter particles 
was enough to make matter win over antimatter. This excess material fi lled the cosmos with galaxies, stars, planets and 
eventually life.No
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families are obtained and strangeness changing neutral currents are indeed suppressed. In 
1974, a new, quite heavy particle, the J/ψ-particle, was indeed found by Samuel Ting et al 
[76] and Burton Richter et al. [77] (Nobel Prize to Richter and Ting 1976). It was rather 
quickly understood as a  cc  state. Particles with a charm quantum number were discovered a 
few years later. Signs of a new heavy lepton started to come in 1975 and the discovery was 
established in 1977 [78] (Nobel Prize to Martin Perl 1995). This indicated a third family of 
leptons. At this stage, the Kobayashi-Maskawa paper started to come into focus, at the 
beginning for model building but soon also for phenomenological purposes. Now the 
evidence that the Glashow-Salam-Weinberg Model was indeed the correct one for the weak 
and electromagnetic interaction was also accumulating. Also in 1977, Leon Lederman (Nobel 
Prize 1988) and his group found the fifth quark, the b-quark [79]. It was not until 1994 that 
the sixth quark, the t-quark, was discovered [80]. 
 
The discovery of the b-quark and its long lifetime led to new possibilities to test the CP 
violation and to choose between the KM Model and Wolfenstein’s proposal. The b-quark has 
the same quantum numbers as the s-quark apart from its inherent quantum number. Neutral B-
mesons (with one b-quark) must then have the same CP properties as the kaons. In fact, it was 
argued that the violation should be quite large for non-leptonic decays in the KM Model. This 
led to the setting up of “B factories” at SLAC at Stanford and KEK in Japan. The respective 
collaborations BABAR and BELLE have now measured the CP violation in remarkable 
agreement with the model [81] and all experimental data are now in impressive agreement 
with the model [58]. The model of Wolfenstein was also ruled out with strong significance by 
experiments measuring direct CP violation, at Fermilab and CERN in 2002–3 [82]. It has 
been shown that Nature follows the Kobayashi-Maskawa Model to describe the weak 
interactions in particle physics. The fundamental constituents of Nature come in three 
families, at least at the energies we can measure, and that allows for a CP violation 
distinguishing matter and antimatter. It should be mentioned too that the model also passes all 
theoretical checks that physicists have set up. 
 
In 1967, Andrei Sakharov [83] (the Nobel Peace Prize 1975) pointed out in a famous work 
that CP violation must be the cause of the asymmetry in the universe. It contains more matter 
than antimatter. The CP violation that the KM Model gives rise to is most probably not 
enough to explain this phenomenon. To find the origin of this CP violation we probably have 
to go beyond the Standard Model. Such an extension should exist for other reasons as well. It 
is believed that at higher energies other sectors of particles, so heavy that the present day 
accelerators have been unable to create them, will augment the model. It is natural that these 
particles will also cause CP violations and in the tumultuous universe just after the Big Bang 
these particles could have been created. These particles would have been part of the hot early 
universe and could have influenced it, by an as yet unknown mechanism, to be dominated by 
matter. Only future research will tell us if this picture is correct. 
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Broken Symmetry from Nobel Prize in Physics 2008

CPを破る新物理があるはず！
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K中間子で探る？
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Why Kaon?

τ(K+) : 12 ns (cτ ∼ 3.7 m)
τ(KL) : 51 ns (cτ ∼ 15 m)

Target
proton K+, KL

長寿命: 固定票的実験向き 
          → ビームラインと検出器

量子重ね合わせ状態

K中間子

m(K) : 0.5 GeV



 in SMK → πνν

分岐比 (SM)

理論的不定性

ループ中のクォーク top top > charm

KL → π0νν K+ → π+νν
(8.4 ± 1.0) × 10−11(3.4 ± 0.6) × 10−11

< 2 % < 4 %

W�

t
Z0

s

⌫

⌫

dV ⇤
ts Vtd

CKM行列要素のパラメータ誤差が主要

標準理論過程(BG):抑制＋精密→新物理探索(Signal)😀

Buras et al JHEP11(2015)33

GIM mechanism

13

FCNC(中性でフレーバ変化) : GIM, Loopで抑制+CKM

d̄



 とCKM行列要素s → d

s→d : SM  : Flavor transition : Most suppressed 
          NP  : Flavor transition : ? 
                              CKM-like : Minimum Flavor violation 
                              O(1)        : Generic model →High energy

|V*tsVtd | ∼ 5 × 10−4 ≪ |V*tbVtd | ∼ 10−2 < |V*tbVts | ∼ 4 × 10−2

×1/100

s→d b→d b→s

W�

t
Z0

s

⌫

⌫

dV ⇤
ts Vtd

W�

t
Z0

s

⌫

⌫

dV ⇤
ts VtdNP
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個性的！



新物理への感度？5.1. INTRODUCTION/THEORY OF FLAVOUR 67
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Fig. 5.1: Reach in new physics scale of present and future facilities, from generic dimension
six operators. Colour coding of observables is: green for mesons, blue for leptons, yellow for
EDMs, red for Higgs flavoured couplings and purple for the top quark. The grey columns illus-
trate the reach of direct flavour-blind searches and EW precision measurements. The operator
coefficients are taken to be either ⇠ 1 (plain coloured columns) or suppressed by MFV factors
(hatch filled surfaces). Light (dark) colours correspond to present data (mid-term prospects,
including HL-LHC, Belle II, MEG II, Mu3e, Mu2e, COMET, ACME, PIK and SNS).

compared with the reach of direct high-energy searches and EW precision tests (in grey), il-
lustrated by using flavour-blind operators that have the optimal reach [258]: the gluon-Higgs
operator and the oblique parameters for EW precision tests, respectively. The shown effective
energy reach of flavour experiments do have several caveats. First of all, in many realistic the-
ories either the coupling constants are smaller than unity and/or the symmetries suppress the
sizes of the coefficients. This effect is illustrated by including in the quark sector the present
bounds in tree level NP with Minimal Flavour Violation (MFV) pattern of couplings (hatch filled
areas) [259–262]. Furthermore, there could be cancellations among several higher-dimension
operators. In addition, for theories in which the new physics contributes as an insertion inside a
one-loop diagram mediated by SM particles, all the shown scales should be further reduced by
extra GIM-mass suppressions and/or a factor a/4p ⇠ 10�3 (where a denotes the generic gauge
structure constants).

Finally and importantly, the new physics scale behind the flavour paradigm may differ
from the electroweak new physics scale. Despite these caveats, Fig. 5.1 does illustrate the
unique power of flavour physics to probe NP. The next generation of precision particle physics
experiments will probe significantly higher effective NP scales, as discussed in more detail
below.

European Strategy Physics Briefing Book(arXiv:1910.11775)

105 TeV
Generic

MFV
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Why?

t
s d

d s

V ∗

ts Vtd

K0 K0

ϵK : K0 − K0 mixing
d

s

s

d

+
FNP

Λ2
α2

NP
G2

Fm2
t

16π2
(V*tsVtd)2ℳ ∼

New PhysicsSM

であればNP効果が効くだろう→どんなΛ?ℳNP > ℳSM

   : NPのenergy scale 
 : NPのフレーバ遷移(Generic:1) 
 : NPのループ構造(Tree:1, Weak Loop: 0.03)

Λ
FNP

αNP

Bona07 
Isidori13

GF ∼ 10−5(GeV−2)
mt ∼ 175(GeV)
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Why? (2)

2015/10/1 19

Generic MFV

Tree/Strong couple 24000 TeV 5 TeV

Loop α
S

2400 TeV 0.5 TeV

Loop α
W

800 TeV 0.2 TeV

Tree/Strong couple  ~1
Loop αS                  ~0.1 
Loop αW                ~0.03

Flavor structure

Bona    '07
Ishidori '13

(Bona '07)

MFV(SM-like)Generic
もっと、自由でいいんだよ？ 窮屈？

Λ <
4π

GFmt

1
V*tsVtd

× FNP × αNP

7TeV 2000 1
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Why? (3)

t
s d

d s

V ∗

ts Vtd

K → πνν

d

s

s

d

+
FNP

Λ2
α2

NP
G2

Fm2
t

16π2
(V*tsVtd) × 1ℳ ∼

New PhysicsSM

   : NPのenergy scale 
 : NPのフレーバ遷移(Generic:1) 
 : NPのループ構造(Tree:1, Weak Loop: 0.03)

Λ
FNP

αNP

GF ∼ 10−5(GeV−2)
mt ∼ 175(GeV)

ν ν ν ν

Λ <
4π

GFmt

1
V*tsVtd

FNPαNP ∼ 4 ⋅ 102 TeV
7TeV 50

W�

t
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⌫

dV ⇤
ts Vtd

>
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CKM行列は誰が決めた？
湯川結合Higgs

Weak固有状態

Mass固有状態

対角化

ユニタリ行列 
→ CKM

質量にあたる
CKM行列はHiggsのYukawa結合が起源　 

→  Arbitrary?  NPではCKMと違ってもよい？
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Amplitude

Width

CP CP violating CP conserving

 Transitions → d

∝ (Im𝒜s→d)2 ∝ |𝒜s→d |2

∝ 𝒜s→d − (𝒜s→d)* ∝ 𝒜s→d

KL → π0νν K+ → π+νν

(KL ∼ (K0 − K0)/ 2)

ℬKL→π0νν < 4.4ℬK+→π+ννGrossman-Nir bound

W�

t
Z0

s

⌫

⌫

dV ⇤
ts Vtd

K → π[ee or μμ]

KS → [ee or μμ] t

d

s

d

d
V ∗
ts Vtd

γ/Z /g

K → 2π0

t
s d

d s

V ∗

ts Vtd

ϵK ϵ′�/ϵ

γ/ l
l 20
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Figure 6. The allowed ranges for B(KL → π0νν̄) and B(K+ → π+νν̄) in a simplified Z model
(left) and a 5TeV Z ′ model (right) in LH and RH scenarios. The εK and ∆MK constraints are
imposed in all cases. In the left-handed plot the ϵ′/ϵ and KL → µµ constraints are also imposed.

6.3 Generic Z models

In the left panel of figure 6 we show the 95% C.L. allowed ranges for B(KL → π0νν̄) and

B(K+ → π+νν̄) in the LH, RH and LR scenarios with Z mediated FCNC. The origin for

the different ranges is explained in detail in [40]. Here we only note the following basic

features:

• In the LH scenario B(K+ → π+νν̄) can be by a factor of two larger than its SM value.

The strong ε′/ε constraint, on the other hand, forces B(KL → π0νν̄) to be of the

order of the SM value or smaller, as explained in section 4.6. Both branching ratios

can also be significantly suppressed. We show the impact of the ε′/ε and KL → µ+µ−

constraints.

• In the RH scenario B(KL → π0νν̄) is again constrained to be close to its SM value,

while B(K+ → π+νν̄) can be almost by a factor of five larger than its SM value

because the KL → µ+µ− constraint is weaker. Such a large enhancement is anyhow

already constrained by the present experimental results. Both branching ratios can

also be suppressed relative to SM values but not as strongly as in the l.h.s. case.

• Finally in the LRS case the allowed range for B(KL → π0νν̄) is similar to the r.h.s.

case, while, due to the absence of the KL → µ+µ− constraint, B(K+ → π+νν̄) can

be large. The ϵK constraint plays a role here because of the presence of left-right

operators.

6.4 Generic Z′ models

Due to the sensitivity of the ε′/ε constraint to Z ′ diagonal quark couplings, in order to

be model independent, we present a numerical analysis in Z ′ scenarios without the ε′/ε

constraint. In the right panel of figure 6 we show the 3σ allowed ranges for B(KL → π0νν̄)

and B(K+ → π+νν̄) in a simplified 5TeV Z ′ model for the LH scenario obeying the εK
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A. Buras et al JHEP11(2015)166 Z,Z’ 
K. Yamamoto et al PTEP(2016)123B02 SUSY 
M. Bordon et al EPJC(2017)77:618 LFU 
A. Crivellin PRD96(2017) 015023 MSSM 
S. Fajfer at al EPJC(2018)78:472 Leptoquark 
X. HE et al EPJC(2018)78:472 models 
M. Endo et al JHEP04(2018)019 SUSY 
C.Chen et al JHEP(2018)145 two Higgs doublet 
…

PTEP 2016, 123B02 M. Tanimoto and K. Yamamoto

Fig. 6. The predicted region for BR(KL → π 0νν̄) versus BR(K+ → π+νν̄), where the Zsd coupling satisfies
the condition of Eq. (18 ). Notation is the same as in Fig. 1.

Fig. 7. The predicted BR(KL → π 0νν̄) versus BR(KL → µ+µ−). The pink area indicates the SM with 3σ .
The solid red line denotes the bound for the short-distance contribution.

ϵK is imposed. It is noticed that the predicted value almost satisfies the bound for the short-distance
contribution in Eq. (23), presented as the red line.

The clear correlation between two branching ratios is understandable because BR(KL → µ+µ−)

is sensitive only to the real part of Z-couplings. When the enhancement of BR(KL → π0νν̄)

is found in the future, BR(KL → µ+µ−) will remain less than 10−9 . On the other hand, when
BR(KL → µ+µ−) is larger than 10−9 , there is no enhancement of BR(KL → π0νν̄). This relation
is testable in future experiments.

We also show BR(KL → π0νν̄) versus BR(B0 → µ+µ−) in Fig. 8 . We can expect the enhance-
ment of BR(B0 → µ+µ−) in our setup even if BR(KL → π0νν̄) is comparable to the SM one.
Since LHCb will observe the BR(B0 → µ+µ−) [69 ], this result is the attractive one in our model.

On the other hand, we do not see the correlation between BR(KL → π0νν̄) and BR(Bs → µ+µ−)

since the SM component of BR(Bs → µ+µ−) is relatively large compared with B0 → µ+µ−. The
enhancement of the KL → π0νν̄ decay rate is still consistent with the present experimental data of
BR(Bs → µ+µ−).

4.3. Results in the split-family model with 10 TeV stop and sbottom
Let us discuss the case of the split-family SUSY model with 10 TeV stop and sbottom, where
first and second family squark masses are around 2 TeV. The constraint of ϵK is seriously tight for
CP-violating phases associated with squark mixing in the split-family SUSY model. Moreover, the
|%F | = 2 processes receive overly large contributions from the the first and second squarks because
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Figure 5. The maximum value of B(KL → π0νν̄) normalized by the SM prediction as a function
of mQ̃. Here, (ε′/εK)SUSY = 10.0 × 10−4 is fixed. The parameters are γR/βR = −γL/βL = 1 and
mg̃/mQ̃ = 1 on the black line. In the left plot, γR/βR = −γL/βL = 0.6, 0.8, 1.2 with mg̃/mQ̃ = 1
from left to right of the red lines. In the right plot, mg̃/mQ̃ = 1.8, 1.4, 0.8 with γR/βR = −γL/βL = 1
from left to right of the green lines.

In figure 5, B(KL → π0νν̄) is maximized for given mQ̃. One finds a peak structure for

each line. On the left side of the peak, the parameters are constrained by B(B̄ → Xdγ).

If the soft masses are too small, ε′/εK cannot be large sufficiently. On the right side, the

constraints from εK and B(B̄ → Xsγ) become relevant. When SUSY particles are very

heavy, the SUSY contribution to εK via CHQ and CHD cannot be canceled enough by that

via the gluino box contribution in the parameter region allowed by the other constraints.

One can see that B(KL → π0νν̄) can be larger than the SM value. This result is

contrasted with the case when βLγL > 0 and βRγR > 0.

In the figures, γi/βi or mg̃/mQ̃ is also varied. On the black line, γR/βR = −γL/βL = 1

and mg̃/mQ̃ = 1 are chosen. In the left plot, γR/βR = −γL/βL = 0.6, 0.8, 1.2 with

mg̃/mQ̃ = 1 from left to right of the red lines. On the other hand, mg̃/mQ̃ = 1.8, 1.4, 0.8

with γR/βR = −γL/βL = 1 from left to right of the green lines in the right plot. In both

plots, the peak positions depend on the setup. The maximum value increases when |γi/βi|
is small and/or mg̃/mQ̃ is large. It is found that B(KL → π0νν̄) can be about 1.5 times

larger than the SM prediction. Such a branching ratio could be discovered in future KOTO

experiment.

Next, B(K+ → π+νν̄) is maximized for given mQ̃ in figure 6. The branching ratio

depends on CHQ and CHD similarly to the case of B(KL → π0νν̄). Hence, it can be larger

than the SM prediction when either βLγL or βRγR is negative. The real component of

CHQ and CHD contributes to the ratio, which is different from the case of B(KL → π0νν̄)

and ε′/εK . Consequently, the peak structure in figure 5 disappears. The maximal value

tends to decrease as mQ̃ increases. They are enhanced when |γi/βi| is small and mg̃/mQ̃ is

large. The maximal value can be about 1.6–1.7 times larger than the SM prediction. The

deviation could be measured in the current NA62 experiment.

– 19 –

3TeV Z’ TeV SUSY

Sizable enhancement  
is possible



11−10 10−10 9−10
)νν+π→+B(K

11−10

10−10

9−10

)νν0 π
→ L

B(
K

Status of Experimental Search
KOTO(2015 data) 90%CL UL 
PRL122(2019)021802

NA62(2016+2017 data) 90%CL UL 
Preliminary (KAON2019)

ℬ
(K

L
→

π0 νν
)

ℬ(K+ → π+νν)

E785/E949 90%CL UL 
PRD79(2009)092004

KOTO SES(2016-18) 
Preliminary (KAON2019)

NA62 SES(2016+2017 data) 
Preliminary (KAON2019)

SM

Grossman-Nir bound

KOTO SES(2015)

NA62 SES(2% of 2016-18 data) 
PLB791(2019)156
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3事象観測/(0.3信号＋1.7 BG) 予測

4事象観測/(0.34BG予測)


（内1事象は誤り）


依然調査中


3 × 10−9

1.3 × 10−9

1.85 × 10−10



• 2KOTO 
• 高輝度高品質ビーム、背景事象削減 

• NA62 
• 2018データの解析 
• 2021-2024 Run 

• 背景事象削減、高輝度ビーム 
• O(10%)での分岐比測定をめざす

!27

SES

7 × 10−10

加速器増強

3 × 10−11

Prospects

NA62 Runs

810/09/2019 Giuseppe Ruggiero - Kaon 2019* Including periods of beam off

𝐏𝐫
𝐨𝐭
𝐨𝐧

𝐬
𝐨𝐧

𝐭𝐚
𝐫𝐠
𝐞𝐭

2014-15 (16) Pilot run, Commissioning runs

2016 Physics run (45 days*)
2017 Physics run (160 days*)
2018 Physics run (217 days*) 

𝐃𝐚𝐭𝐞

2016 2017 2018

解析済み
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Exotic Search
• NA62 (or NA62++ : Beam dump mode) 

• Heavy Neutral Lepton (Dark Fermion)
 

• Axiflavon  

• NA62++ (NA62 with beam dump mode) 
• Dark Scalar/Photon 
• Axion-Like Particle 

• KOTO 

• invisible boson X0 ( ):  

• Lorentz violation  

• Dark Photon  

• Axiflavon?

K+ → e+N

K+ → π+a

Lμ − Lτ KL → π0X0

KL → 3γ

KL → π0π0γD

KL → π0a

CHAPTER 6 Analysis of the KL→π0νν and KL→π0X0 Searches 115

Figure 6.61: Upper limit at the 90% C.L. for the KL → π0X0 branching fraction as a
function of the X0 mass. The limit for the KL→π0νν decay is shown with the red line for
comparison.
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Figure 6.62: Comparison of the 90% C.L. upper limit for the KL→π0X0 branching fraction
between this measurement (red) and indirect limit from the E949 experiment (black) [21].

Comparison to HNL decay searches 

17 

(Physics Beyond Colliders BSM report: CERN-PBC-REPORT-2018-007) 

E. Goudzovski / Kaon 2019, Perugia, 13 Sep 2019 

Summary of |Uℓ4|2 limits vs mHNL 
in electron dominance scenario: |UP4|2=|UW4|2=0 

U
L 

on
 |

U
ℓ4

|2
 a

t 
90

% 
CL

 

HNL mass [GeV/c2] 
0.1 1 10 100 

NA62 production search 
(preliminary) 

Assuming electron dominance, 
9 improving over the (more model-dependent) decay limits from PS191; 
9 exhausting the BBN-allowed range up to ~300 MeV/c2. 

 

T2K has improved the PS191 limits above 360 MeV/c2. [arXiv:1902.07598] 

(see also talk 
by Gaia Lanfranchi) 

1st 2nd 3rd
Generation

4−10
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Known mass

Calculation

既知の質量
計算結果

質
量
 (G
eV
/c
2 )

第１世代 第２世代 第３世代

質量の説明

StrongCP, 質量の説明

StrongCP, 質量の説明

非常に強い制限
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実験： 困難とそれを超えて
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NA62 Experiment at CERN-SPSNA62 @ CERN - SPS

LHC

NA62
SPS

Primary goal: 
Measurement of BR(K+ → π+νതν)

Technique:
K Decay – in – flight  

Broader Physics program

~200 participants: Birmingham, Bratislava, Bristol, Bucharest, CERN, Dubna (JINR), Fairfax (GMU), Ferrara,
Firenze, Frascati, Glasgow, Lancaster, Liverpool, Louvain-la-Neuve, Mainz, Moscow (INR), Naples, Perugia,
Pisa, Prague, Protvino (IHEP) , Rome I, Rome II, San Luis Potosi, Torino, TRIUMF, Vancouver (UBC)

610/09/2019 Giuseppe Ruggiero - Kaon 2019

G. Ruggiero (KAON2019)

26

The Apparatus

15/09/2016 Giuseppe Ruggiero 8

RICH

Magnet

Spectrometer

Target

K+ → π+νν : K+ → π+ + nothing

400 GeV/c proton
L:~250m

φ:~4m

NA62 Layout

Secondary positive beam Decay region and Detectors

Momentum 75 GeV/c, 1% rms
Divergence (RMS) 100 μrad
Transverse Size 60 × 30mm2

Composition ΤK+ 6% Τπ+ 70% p 24%
2017 typical Intensity 19 × 1011 ppp (450 MHz @ GTK3)

Fiducial region 60 m
K+ decay rate ~ 3 MHz
Vacuum 𝒪 10−6 mbar
Si pixel beam tracker + Straw tracker

LKr Calorimeter from NA48

Cerenkov counters for K id, RICH for p/m id

[NA62 Detector Paper, 2017 JINST 12 P05025]

MNP33
400 GeV/c 

SPS protons

710/09/2019 Giuseppe Ruggiero - Kaon 2019

K+ π+

DipoleMag.x4

𝐊+ → 𝛑+𝛎ത𝛎 Decay-in-flight
mmiss
2 = PK+ − Pπ+ 2 Process Branching ratio

K+ → π+π0 γ 0.2067
K+ → μ+𝜈 γ 0.6356
K+ → π+π+π− 0.0558 
K+ → π+π−e+ν 4.25 ∙ 10−5

1010/09/2019 Giuseppe Ruggiero - Kaon 2019

DipoleMag.75GeV/c K+



KOTO Experiment at J-PARC-MR

27

KL

π0->2γ

(undetectable)𝜈�̄� 
CsI calorimeter 
(reconstruct from )𝜋0  2𝛾

Hermetic veto detectors

Au target

30 GeV proton

細く絞った中性ビーム(KL, n, γ)

collimator + sweeping magnet

J-PARC MR 30 GeV proton 
    →Hadron Experimental Facility

KL → π0νν : π0( → γγ) + nothing
20m-long beam line 8.5m-long detector in vacuum tank

φ3.5m

8.5m

KOTO detector

Detectors in vacuum tank

Fiducial: ~2m

30 GeV proton → ppeak
KL

∼ 1.5 (GeV/c)



KOTO Experiment at J-PARC-MR
J-PARC MR 30 GeV proton 
    →Hadron Experimental Facility

φ3.5m

8.5m

KOTO detector

Detectors in vacuum tank

KL

π0->2γ

ex.) 𝐾𝐿 → 2𝜋0 → 4𝛾
CsI calorimeter 
(reconstruct from )𝜋0  2𝛾

Hermetic veto detectors

30 GeV/c 
proton

pencil beam 
(KL, n, γ)

π0->2γAu target

collimator + 
sweeping magnet

Background to veto
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KOTO Signal Reconstruction

29

Event reconstruction

Reconstruction

2019/9/10

KL

π0->2γ

!!̅decay region
(vacuum)

π0  decay Z 
position

π0  Pt
(transverse 

momentum)

pencil beam
(KL, n, γ)

KAON2019 8

Missing transverse momentum → finite π0 pt

CsI

signal region on 
the Pt vs. Z plane
(blinded analysis)

CsI calorimeter

4

KL→π0νν signal feature 
• 2γ + nothing 
• Missing PT due to neutrinos

← No associated hits in veto detectors

← Large π0 PT (transverse momentum

• 2γ in calorimeter 
• Assume vertex on axis 
•  assumptionmπ0

→ Full π0 reconstruction 
select higher pT

↔ KL → 2γ, KL → π+π−π0



KOTO Detector

30

0�

1�

2�[m]�

0� 2� 4� 6� 8� 10� 12� 14� 16�
[m]�

Calorimeter� Concrete/iron shield�

FB� NCC�Hinemos� MB� BCV� CV� OEV�LCV�CC03� CC04� CC05� CC06� BHCV� BHPV�

Decay volume 
(Vacuum)�

BHTS�

z

y

x

Downstream 
beam pipe�

Membrane�

KL beam�

IB BHGC

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

KOTO detector

5

NCC

Front Barrel (FB) Main Barrel (MB) Charged Veto (CV) Calorimeter



稀崩壊探索、Veto実験の難しい点
• 背景事象　(始状態、終状態ともに中性) 

• 分岐比の大きいもの : シミュレーションが難しい 
• 検出器のinefficiency : 10-3 ～10-4を議論 

• シミュレーション 
• 加速器 
• 検出器のレート 
• 信号事象のアクセプタンス 
• などなど 

• ビームライン、データ収集、解析、…
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背景事象との戦いKL → π−e+ν

KL beam

!-

e+"

CV calorimeter

Figure 3.1.4: Mechanism of a background caused by the KL → π±e∓ν decay (penetrating BG).

this thesis, this background is labeled as “Ke3 BG”.

KL beam

!-

e+

annihilation (e+e-"2 #)

#
#

#
#

cex (!- + p"n + !0)

Figure 3.1.5: An example of the background caused by the KL → π−e+ν decay (Ke3 BG). Red boxes are the CV,
and purple boxes are the calorimeter.

Background from the KL → π+π−π0 decay Figure 3.1.6 shows an example how the decay mode is
mis-identified as the signal. In this figure, two photons from a π0, charge exchange interactions of π+

(π− + p→ π0 + n) and π− (π+ + n→ π0 + p) without large energy deposit in the CV, are shown. In this
thesis, this background is labeled as “Kπ3 BG”.

3.1.3 Single event sensitivity and number of backgrounds in E391a

The single event sensitivity in E391a is 1 × 10−8 [4], and the number of the expected signal is
3 × 10−3 assuming the branching ratio of KL → π0νν̄ predicted in the SM. The number of the neutron
backgrounds is expected to be ∼ 0.5 and that of the KL decay backgrounds is expected to be O(10−4) [4].
The number of neutron backgrounds is 100 times larger than the signals, and the neutron backgrounds
limit the sensitivity of E391a.

22

Ke3(Br:41%) 
Kμ3(Br:27%)

!"#$%&'(
")*"&'(

%+)&,*-#"./)%)"

01&,/

KL

Figure 3.2.1: The cross sectional view of the KOTO CV in YZ plane.

shown in Fig. 3.1.5. The number of the Ke3 BG becomes large when only rear CV is located in front
of the calorimeter since the distance between the rear CV and the calorimeter is too short to identify
two separate photons in the calorimeter. The front CV is placed to keep the distance between the CV
and the calorimeter large enough. When the distance between the front CV and the calorimeter is too
large, the number of the Ke3 BG becomes large since the fraction of the KL → π−e+ν decays hitting
the rear CV increases. The number of the neutron backgrounds also becomes large by the neutrons
interacting with the front CV since the production point of π0 or η from the neutron interaction is shifted
to upstream. Therefore, the distance between the front CV and the calorimeter should be minimized.
We first developed inefficiency functions for charged particles [24] to evaluate the number of Ke3 BG
since it was not practical to simulate this background with enough statistics. In this study, the detection
threshold of the CV was assumed as 100 keV2). With this threshold, the CV was able to detect π− and
e+ penetrating scintillator more than 0.5 mm before a charge exchange interaction or an annihilation
occurs. We then optimized the position of the front CV by using this function, and decided the position
of the front CV at 25 cm upstream from the rear CV [31]. In this design, the number of the Ke3 BG was
estimated to be 0.07 ± 0.04 [25], and the number of the Kπ3 BG was estimated to be 0.11±0.01 [25].

We decide to use 3-mm thick plastic scintillator to minimize the neutron backgrounds. It is deter-
mined due to a structural limit for a construction of the CV. The number of the CV-η BG is estimated
to be 0.01 ± 0.01 [25], and the number of the CV-π0 BG is estimated to be 0.04 ± 0.04 [25], which are

2)In E391a, the detection threshold was set to 300 keV.

24

3-mm thick plastic scinti. 
1mmφ WLS fiber+MPPC 
0.8mm thick CFRP plate

Front layer Rear layer

Inefficiency : /layer 
→

10−3

Background : O(1) × (10−3)4 = 10−12

中性子との相互作用を抑制→薄く！
n + n → n + n + π0
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実機製作

8

背景事象との戦いKL → π+π−π0

0 12108642
Z [m]

181614

Y [m]2

1

0

z
y
x

KL beam Decay volume
(vacuum)

FB Hinemos

concrete/iron shield

BPCV newBHCVLCVCVBCV BHCVCC06CC05CC04OEVCC03MBNCC

CSI

BHPV BHGC BHTS

2γ

Veto KL → π+π−π0 : ℬ = 13 %

Installation 

7

newBHCV was transported from Kyoto to J-PARC Jan.19 
and installed Jan.~Feb. 
3 modules were glued
installed in CC06 drying & shading box 

oldBHCV also remains downstream of newBHCV

π+, π−

Beam Hole Charged Veto 
3-layers of MWPC (thin gap) 
99.9% efficiency achieved in  
0.5GHz γ/neutron incident

DCV(Downstream Charged Veto) 
Active Pipe in Vacuum 
5mm-thick plastic scintillator

2015インストール2019インストール
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背景事象との戦いKL → 2π0

0 12108642
Z [m]

181614

Y [m]2

1

0

z
y
x

KL beam Decay volume
(vacuum)

FB Hinemos

concrete/iron shield

BPCV newBHCVLCVCVBCV BHCVCC06CC05CC04OEVCC03MBNCC

CSI

BHPV BHGC BHTSIB (Inner Main Barrel) 
5.5m-long lead(1mm)/scinti.(5mm) sandwich (5X0) 
Both-end readout with WLS fiber 

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

2

ℬ = 10−3 → 10−3 × (10−4)2 = 10−11

Inefficiency

Main Barrel (14X0)

Inner Barrel (5X0)

2016インストール
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Energy損失：1MeVの検出



背景事象との戦いKL → 2π0

0 12108642
Z [m]

181614

Y [m]2

1

0

z
y
x

KL beam Decay volume
(vacuum)

FB Hinemos

concrete/iron shield

BPCV newBHCVLCVCVBCV BHCVCC06CC05CC04OEVCC03MBNCC

CSI

BHPV BHGC BHTS

0.5GHz neutron 
0.5GHz γ

BHPV (Beam Hole Photon Veto) 
Lead(1.5/3mm)/aerogel(58mm) 
sandwich 

BHGC (Beam Hole Guard Counter) 
Lead(10mm)+acrylic(10mm)

Veto γ escaping in-beam region : 0.5GHz γ/neutron 
→ Cherenkov radiation → neutron insensitive

CHAPTER 2 The KOTO Experiment

250 cm 

33.2 cm 

42 cm 
32 cm 

40 cm 

10.5 cm 
Winston cone 

Aerogel 

Flat mirrors 

5-inch PMT (R1250) Acrylic plate 

LED 

Lead sheet 

Beam 

Figure 2.24: Diagram of a single module of the BHPV detector (top view).

1-5 
1.5 mm 
5.8 cm 

Module No.: 
Thickness of lead sheets: 

Thickness of aerogel: 

Parameters 
for each module 

γ"

6-10 
3.0 mm 
5.8 cm 

11-12 
- 

5.8 cm 

Trigger scintillator for calibration 
(BHTS) 

Figure 2.25: Configuration of the BHPV detector in the physics run of May, 2013. (Left) Sampling of
lead and aerogel for each module. No lead sheets were inserted in the last two modules since showers
started in these modules did not satisfy “coincidence of three or more consecutive modules” and
lead sheets in these modules did not effectively work as converter. (Right) Photograph of overview
of the detector. The beam came from the upper direction. This photograph was taken and provided
by H. Watanabe.

2.2.7 Vacuum and cooling system

The decay region must be kept in vacuum because neutrons can interact with residual gas in the
beam region, and π0 can be generated, which mimics a signal event. In order to suppress this type
of background enough small, the decay volume needs to be evacuated down to O(10−5) Pa. The
overall vacuum system is shown in Fig. 2.26. The whole KOTO detector system except downstream
detectors including CC05, CC06 and beam hole detectors is placed inside the large vacuum tank.
Vacuum of the decay region, called the high-vacuum region, is kept around 5 × 10−5 Pa, which
is separated with the detector region, called the low-vacuum region. Pressure of the low-vacuum
region is kept less than 1 Pa as a buffer region. This structure, with no detectors inside the high-
vacuum region, is necessary to avoid deterioration of vacuum due to outgassing and obtain vacuum
level of O(10−5) Pa. Separation of these vacuum regions is achieved by thin files called membrane.
Its structure is shown in Fig. 2.27. It consists of four layers and total amount of material was as

42

72 6.1. BHGC 製作とインストール

6.1.2 インストール

BHGC 実機のインストールは 2015 年の 3 月に完了した (図 6.4)。BHGC のモジュール
ID、 チャンネル IDは図 6.5のようである。BHGC の架台はモジュールを中心に寄せて固定
できるように設計してあり (図 6.6)、中心に寄せて行うランは、後述の時間分解能の測定の際
に行った。物理ランを行う時には、図 6.4のようにビーム外縁部を覆うように設置する。

図 6.4 BHGC実機のインストール後の様子 (下流側から見た図)。図のモジュールの位置
はデザイン通りの位置のもの。

図 6.5 BHGCの channel ID、module ID 図 6.6 BHGC を中心に寄せたときの様子。
図はビーム下流側からみたもの。

35



背景事象との戦いneutron→π0/η
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halo neutron

Hit detectors  →π0/η production→2γ
Collimated beam 
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undoped CsI 45cm 
(λI=39cm)
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背景事象との戦いneutron→2 hits
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背景事象との戦いneutron→2 hits
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New Algorithm I (2016-18)
• Fourier Pulse Shape DiscriminationFourier PSD
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• Samples: 

• Gamma from K3pi0 

• Neutron from Z0 

• Templates were made for each RUN

Fourier Template

Ch
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C

n/γ discrimination
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背景事象との戦いneutron→2 hits

neutron

Signal Background

MPPC PMT
undoped CsI : 50cm

(TMPPC-TPMT) 
gamma < neutron background

KL ! ⇡0⌫⌫

2�

＋奥行き方向の位置 
4次元カロリメータ
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Upgrade Work in 2019

40

CsI結晶に4000個のMPPCを接着



背景事象との戦いneutron→2 hits
• 実際のビームで得た性能 

• 信号事象90%選択、背景事象2%に削減

8.6 まとめ 75
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散乱中性子サンプル
図 8.17 エネルギーの大きい方のクラスターと小さい方のクラスターの ∆T の相関。横軸が二つ
のクラスターのうち、エネルギーが大きいクラスターの ∆T、縦軸がエネルギーが小さいクラス
ターの ∆T を示す。

を (2.1 ± 0.1) × 10−2 まで削減できる。∆T カットの大きい方の閾値を変化させ、γ 線と中性子の
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図 8.18 γ 線サンプル (KL → 3π0)と散乱中性子サンプルの ∆T 分布。2つのクラスターのうち、
∆T の大きい方をプロットしている。

efficiencyを求めた。図 8.19に ∆TE.W. と ∆TM.E の γ 線と中性子に対する efficiencyを示す。時間
分解能だけでなく、efficiencyの点でも ∆TE.W. の方が性能が高い。

8.6 まとめ
MPPC で測定した時間を較正し、MPPC で測定した時間と PMT で測定した時間の差 ∆T の時間
分解能を求めた。時間分解能はクラスターのエネルギーが 400 MeV 以上の事象に対し、0.6 ns で

ΔT = TMPPC − TPMT

Cluster形状  
波形弁別  

両読み

∼ 10−5

∼ 10−1

0.02

n/γ discrimination

N/S ∼ 0.5
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背景事象との戦いKL → K+ → π0e+ν

ℬ = 5.1 %

e±

π0K±

can be higher pT

ν

backward : lower energy 
    → hard to veto

KL

コリメータ

 ?→主要背景事象 

→ 超低物質量真空中荷電粒子Vetoの開発

NK+ ∼ 10−6NKL

Run85 discussion

Nobuhiro Shimizu 1Shimizu, Kotera 

New tag counter 
Now (2020)
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シミュレーション
• O(1)の分岐比のモード 
• 10-9の分岐比感度まで作る 

• 106 daysかかる=>1000 CPUでも3年ほど… 

•  : 1000CPUなら1日 

• 背景事象になりそうなphase spaceに特化 
• Fast simulation (shower simulationをしない)

KL → 2π0(ℬ = 10−3)
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π0/η生成に特化したsimulation
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neutron→2 hitsに気づかない
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グーグルのTPU(Tensor 
Processing Unit)のような専用
ハードで解決できんかな？



遅い取り出し

J-PARC 遅い取り出し運転の現状と今後の計画 

PRESENT STATUS AND FUTURE PLANS OF J-PARC SLOW EXTRACTION    

冨澤正人#, A), 新垣良次 A), 木村琢郎 A), 下川哲司 A), 村杉茂 A), 岡村勝也 A), 
白壁義久 A), 武藤亮太郎 A), 柳岡栄一 A), 田村 文彦 B), 石 健 C)  

Masahito Tomizawa#,A), Yoshitsugu ArakakiA) ,Takuro Kimura A), Tetsushi Shimogawa A), Shigeru MurasugiA), 
Katsuya OkamuraA), Yoshihisa ShirakabeA), Ryotaro MutoA), Eiichi YanaokaA) , Fumihiko Tamura B), Shi JianC)  

 A) High Energy Accelerator Research Organization (KEK),  
B) JAEA/J-PARC Center, C) IMP/CAS, China  

Abstract 
Beam powers of 42 kW and 51 kW have been attained for the user operation and beam study by the slow extraction 

from the J-PARC main ring (MR), respectively.  A beam instability during the debunch process has been observed. 
The instability has been successfully suppressed by a longitudinal dipole oscillation at the injection. The time structure 
of the extracted beam has been improved by applying a transverse RF and by replacing a spill monitor. Plans toward 
further high beam power are proposed. Future plans on the slow extraction are also discussed.  

 

1. はじめに 

J- A C メインリング(M )において 30 GeV に加 さ
れた陽子ビームは、3 次共鳴を利用した遅い取り出し
( X)によって、素粒子・原子核実験施設へ供給される。
遅い取り出し装置は、静電セプタム(E 1,2)、セプタム磁
石( M 1-3)、バンプ磁石( BM 1-4)、共鳴を励起するた
めの 6 極磁石( X1-8)、そしてそれらの電源・制御系か
ら構成される。また取り出しビームの時間構 を改善す
るために、取り出されたビーム強度信号をもとにフィード
バックを行う高 応答 電磁石 E  (2 台)、  (1 台)が
用意されている。またアーク部にある 48 台の FN によ
りチューンを直線的に共鳴線 x=67/3 に近づけている。 

J- A C の遅い取り出しでは、取り出ビーム強度と時
間構 の一様性が求められる。偏向電磁石(BM)と四重
極電磁石( M)電源の電流リップルは設計時の想定と比
較すると大幅に悪く、その影響で取り出しビームの時間
構 (スピル)は大きなスパイク構 を持つ。E , によ
るスピル制御[1]のみでは十分な一様性を達成すること
ができず、横方向高周波電場 ransverse F ( F) の
導入により改善をおこなっている。ダイナミックバンプの
手法を含む遅い取り出しスキームにより高い取り出し効
率を維持しながら運転を続けてきたが[2]、最近のビーム
粒子数の増加にともなって、デバンチ時のビーム不安定
性が観測されるようになった。この不安定の抑制対策に
より高い取り出し効率を保ちながらビーム強度を上げるこ
とが可能となった。現在の運転状況とビーム時間構 、
ビームパワー向上のための取り組みと今後の計画につ
いて報告する。 

2. スピルの時間構造の改善 

メインリング主電源の現状の電流リップルは、遅い取り
出しを行うリングとしては非常に大きく、dI/I で 10-4 台  
にとどまっている。6 台の BM 電源、11 台の M 電源の
各々に対して、DCC による出力電流測定値から水平

方向のチューンに焼き直したものの総和は±2×10-3 程度
と大きい。理想的なスピルの場合 100%となる量 duty 
factor[2]で言うと、何もしない状態ではわずか 3%程度で
ある。電源電流リップルによる磁場への影響の低減のた
め、取り出し時には一部の磁石に巻かれた補正コイルを
ショートしている。これにより duty factor は数%程度改善
された。E と によるスピルフィードバックにより duty 
factor は 17%程度に改善された(Figure 1 右)。さらなる改
善のために、ベータトロン振動数の少数部分のハーモ
ニックスを持つ横方向高周波電場 ransverse F ( F)
を導入した。高周波電場はストリップラインキッカーで発
生させる[3]。現在の運転例では、 F は幅 2 KHz をも
つ中心周波数 47.47 MHz のスペクトラムを持つ。取り出
し中の duty factor の変化をできるだけ少なくするために、
周波数を約 42 ステップで 30 Hz ずつずらしている。
チューンの少数部分に焼き直すと 0.01 の幅をもち 0.322
から 0.326 まで動かしていることに対応している。さらに ___________________________________________  

# masahito.tomizawa@kek.jp 

 

   
Figure 1: Spill and duty factor with and without TRF. 

Spill w/ TRF Spill w/o TRF 

Duty w/ TRF 
Duty w/o TRF 

Proceedings of the 13th Annual Meeting of Particle Accelerator Society of Japan
August 8-10, 2016, Chiba, Japan

PASJ2016  MOOM05

- 70 -

Tomizawa et al PASJ2016

Rate ∝ Nring
p /Tspill

51kW
5.2sec
2sec

5.5 × 1013pronts/2sec

よりフラットに！
実質Rate1.5-2倍

30um厚リボン:ビームロス

Power ∝ Nring
p /Tcycle

ハリハリ度
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検出器のレート

     Ryota Shiraishi                              2020.03.16    日本物理学会　第75回年次大会

各検出器でのレートと信号損失

10

FB

NCC

MB

0 1.25 2.5 3.75 5
プラグ開 - プラグ閉（KLビームラインからの寄与）
プラグ閉（一次ビームラインからの寄与）

R [MHz] w [ns] L [%]

4.5 40 16

2.9 40 11

2.5 60 14

R : Accidental Rate

w : Veto Window


Energy > 1MeV（以前の解析と同じ）

2019年データにおけるAcceptance Loss 

L = 1 - exp(-wR)  (≃ wR)

偶発ヒットのない確率
偶発事象レートR [MHz]

IB

FB

NCC

MB

16% 
Loss

11% 
Loss

14% 
Loss

ビーム

・FB, MB 
一次ビームラインからの中性子の影響大→ 遮蔽によって中性子量を下げる 

・NCC 
KLビームラインからの影響大→ veto windowを狭める工夫が必要

2019 Run(by Shiraishi)
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別のKLの崩壊で 
信号をveto 😢

別のKLの崩壊で 
背景事象をvetoできない 😢 
single channel rate→分割すれば解決

example of overlapped waveform 

Time(clock)

Am
pl
itu

de

他所のBeamlineから

(MHz)

ビーム強度 
ハリハリ度 
他所から

加速器増強 
シールド
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信号事象アクセプタンス
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2γ

信号検出 : 崩壊確率3%×アクプタンス30%

偶発的Veto : 崩壊確率30%×アクプタンス100%

信号事象の数: 信号×(1-偶発的Veto確率)
beam強度のBottle neck
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γ線方向感度？

0 12108642
Z [m]

181614

Y [m]2

1

0

z
y
x

KL beam Decay volume
(vacuum)

FB Hinemos

concrete/iron shield

BPCV newBHCVLCVCVBCV BHCVCC06CC05CC04OEVCC03MBNCC

CSI

BHPV BHGC BHTS

2γ

Veto! 信号事象損失
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2γ

方向感度があればVetoしなくてよくなる！

LHCの 
パイルアップ
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Beyond
• Large calorimeter and Longer decay volume

KL 2γKL 2γ

3m2m

2m
15m

Yet another idea?

R=0.5m

Photon veto

Photon tracker

Charged particle veto

KL

10 m

 30

“barrel detection”

- Decay probability        : KOTO 3% -> THIS 19% 
- Geometrical acceptance: KOTO 27% -> THIS 72%

×18 gain

Pros: Current beam line can be used.  
  Low momentum is OK. Extendable.

Cons: What detector??
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Future Plan : Rare Kaon Decay Experiments

49

KLEVER

KLEVER: An experiment to measure BR(KL→ π0νν) at the CERN SPS – M. Moulson – KAON 2019 – Perugia, 13 Sep 2019  

A KL → π0νν experiment at the SPS

130 m 170 m 241.5 m

FV

3 
m

MEC

SAC

LAV 1-15
LAV 16-21 LAV 22-25

80 m  from target

UV/AFC

CPV
PSD

KL
γ

γ

400-GeV SPS proton beam (2 × 1013 pot/16.8 s)  
incident on Be target at z = 0 m

〈pK〉 = 40 GeV

• High-energy experiment: Complementary to KOTO
• Photons from KL decays boosted forward

• Makes photon vetoing easier - veto coverage 
only out to 100 mrad

• Roughly same vacuum tank layout and fiducial 
volume as NA62

KL Experiment for 
VEry Rare events

KLEVER
ν

ν

− 
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KLEVER

KLEVER: An experiment to measure BR(KL→ π0νν) at the CERN SPS – M. Moulson – KAON 2019 – Perugia, 13 Sep 2019  
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KLEVER

KLEVER: An experiment to measure BR(KL→ π0νν) at the CERN SPS – M. Moulson – KAON 2019 – Perugia, 13 Sep 2019  

KLEVER target sensitivity:
5 years starting Run 4

60 SM KL→ π0νν
S/B ~ 1
δBR/BR(π0νν) ~ 20%

KL → π0νν: Discovery potential

10

60 KL→ π0νν events at SM BR
60 background events

Sobs − SSM

√ Sobs + Bobs
Signif. ≈

If BR(KL→ π0νν) is:
• Suppressed to 0.25 BRSM➡ 5σ
• Enhanced to 2 BRSM➡ 5σ
• Suppressed to 0.5 BRSM➡ 3σ

NP effects on K → πνν BRs with constraints from Re ε′/ε, εK, ΔmK, KL → µµ

−

M .Moulson KAON2019

Possible beam line

 15

3 190324_KEK-SAC_Hadron.key - 2019年3月24日

Minimum set as KOTO 
- 2 stages of collimator 
- 1 sweeping magnet 
- Photon absorbing (Pb)

 43m from the target,  
 behind the proton dump

T3 target 1st collimator

2nd collimator

p 5 degree
Experimental area

KOTO Step2 
New beam line w/ 5 deg. extraction 
Large detector

Extension of hall
60 SM events w/ S/N~1

T. Nomura KAON2019
KL → π0νν

more KL 
more acceptance



おしまい
• 日欧ともにs→dのフレーバプロジェクト 

• 米からはどちらにも参加 
• Exoticな方向性もある 

• もっと自由なのかも 
• 夢を現実へ 

• 実験→予期せぬこともおこる 
• 比較的短いサイクルで開発→物理 

• KOTO実験 
• 現行から将来計画まで見据えて良いタイミング 
• 参加してみようという方、熱望しています！

50



51



52

Upstream Background

Achromat

𝐊+(𝟕𝟓 𝐆𝐞𝐕)

Collimator

1st Straw 
Chamber

Decay region
In-time pileup
beam particle

𝜸
𝜸

Fake decay 
vertex

• K+ decays/interacts in the achromat
• Secondary 𝜋+ downstream
• Beam elements block additional particles
• 𝜋+ scattering in straw chamber 1
• Pileup beam particle tagged as K+

2910/09/2019 Giuseppe Ruggiero - Kaon 2019

z

y

NA62 Preliminary

Removed w/ offline cut

NA62 upstream background
G. Ruggiero (KAON2019)
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Beam dump operation: prospects 

E. Goudzovski / Kaon 2019, Perugia, 13 Sep 2019 

Dark scalar S: 
production in KoSS and BoKS decays; 
decays via Soℓ+ℓ� and SoS+S�. 
 

Dark photon A’: 
production in light meson decays 
(including S0oJA’, KoJA’, UoS0A’, ZoS0A’); 
decays mainly via A’oℓ+ℓ�. 
 

Axion-like particle (ALP): 
 

Primakoff effect production; aoJJ decay. 
 

[Döbrich et al., JHEP 1602 (2016) 018; 1905 (2019) 213] 

ma [GeV/c2] 20 

Sensitivity to S 

Sensitivity to A’ 

Sensitivity to ALP 

mS [GeV/c2] 

mA’ [MeV/c2] 
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  Florian GoertzMoriond EW 2019, La Thuile, 18.3.19

Axiflavon Constraints

flavor

54



Beam dump/fixed target: Opportunities @ CERN
NA62-dump @ K12
400 GeV p beam
up to 2x1018 pot/year

NA64++(e) @ H4
( 100 GeV e- beam
up to 5x1012 eot/year)
ESPP submission #9

NA64++ (!) @ M2
100-160 GeV muons, 
up to 1013 !/year

SHiP @ BDF
400 GeV p
up to 4x1019 pot/year
ESPP submissions
#12 and #129

A possible “Hidden Sector Campus” (HSC)

CERN can provide the
highest energy proton-, 
electron- and muon- beams
for fixed target/beam experiments
in the world.

The CERN North Area

13G. Lanfranchi

55


