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 Flavor Changing neutral current



Signal of the               Decay
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KL➔π0νν
No information of incident KL 

Only decaying particle is KL in the neutral beam. 

Momentum distribution can be obtained by using   

         monitoring modes such as  

One clear      and only one 

Properly reconstruct 

                     , 

No any other decay products 

Hermetic veto detector

Step-by-Step Approach
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CP-violating decay XL = n. vv
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The process KL ~+ vv offers perhaps the clearest window yet proposed into the origin of CP
violation. The largest expected contribution to this decay is a direct CP-violating term at
=few X 10 ' . The indirect CP-violating contribution is some 3 orders of magnitude smaller, and
CP-conserving contributions are also estimated to be extremely small. Although this decay has nev-
er been directly probed, a branching ratio upper limit of —1 /o can be extracted from previous data
on KL—+2m. . This leaves an enormous range in which to search for new physics. If the
Kobayashi-Maskawa (KM) model prediction can be reached, a theoretically clean determination of
the KM product sin02sin03sin5 can be made.

The Glashow-Iliopoulos-Maiani- (GIM-) mechanism'-
suppressed processes K +~m. +vv (Refs. 2—5) and
KL ~m. e+e (Ref. 6) have been much discussed recently
as tests of the standard model (SM). In each case the
current experimental limit ' lies more than 2 orders of
magnitude above the SM prediction, affording a large
window for new physics. If the predicted levels can be
reached, these decays put interesting constraints on the
Kobayashi-Maskawa (KM) matrix parameters and on
the top-quark mass. The latter process is particularly in-
teresting from the point of view of CP since the predicted
direct CP violation is of the same order of magnitude as
the indirect (state-mixing) contribution. By contrast, rel-
atively little attention has been paid to the closely related
and no less interesting process KL ~m vv (Ref. 10). As I
will discuss below, this decay is expected to have a
branching ratio of —10 ". Since there is no published
upper limit on this decay, it offers a potentially enormous
range in which to search for new effects. As in the case
of KL ~~ e+e, Ki ~~ vv is CP violating in leading
order. However, unlike the former process, there is no
potentially large, 2y-mediated CP-conserving contribu-
tion. " In fact the potential long-distance contributions
in general are suppressed by CP violation and/or the
GIM mechanism to extremely small levels.
In the excellent approximation that X+~m+vv and

K —+n vv are short-distance dominated, ' their ampli-
tudes are related by isospin: 2 (K ~n. vv) =(1/
&2)A (K+~m+vv). It then follows that the amplitudes
for decays of the CP eigenstates E, and Kz into ~ vv are
equal to the real and imaginary parts, respectively, of the
amplitude for K ~vr+vv (Ref. 10). Ignoring higher-
order CP-violating effects,

A (K vr vv)=eA (K, m vv)+A(K ~ vv) .

In principle this leads to interference effects, but as will
be shown, the first term is so much smaller than the
second that these can be ignored. Note that modulo very
small QCD corrections and assuming massless leptons, '

8(K+ tr vV)=8(K+ m e+v) 2'
16m sin 0~

X g V*, Vj.dD(x ).V„,

for each neutrino flavor, where sz, s3, and 5 are the usual
KM parameters. Currently favored values of the KM pa-
rameters and m, give 0.5—8.0X10 ' for the branching
ratio summed over three neutrino flavors. '
The branching ratio for the indirect CP-violating con-

tribution is then

K
8(KL ~tr vv), =i@i 3X0.70X10

X[D(x, )+sz(sz+s3cs )D (x, ) ]
while that of the direct is

B(KL ~m. vv)d;„„=
7 +

3 x0.70x10-'

X [s,s,ssD (x, )]'
In the context of the standard model with three genera-

tions, bounds have been derived ' on s2, s3, and to some
extent on 5 and m„ from measurements of or limits on
~b, 8(b~cev), 8 Bmixing, I (b~-uev)/I'(b~cev), ex-
clusive B decay branching ratios, E, E', etc. Neither ex-
periment nor theory is sufficiently advanced to allow
specific predictions, but sets of parameters which are con-

for each neutrino flavor, where V, are the KM matrix
elements, x.=(m. /mn, ), and D(x) is a kinematic func-
tion which is -0.004 for m„and of order 1 for reason-
able values of m, . Substituting for the constants and the
K 3 branching ratio, assuming small mixing angles, and
ignoring QCD corrections, '

8 (K+~n+vv) =0.70X 10 ~D(x, )+sz(s2+S3e' )

XD(x, )i
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Searching for Direct CP-violation
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Physics Motivations
•                      decay

• Direct CPV process

•  

• Directly measure CKM parameter 

•  

• Small theoretical uncertainty

• ~1.5%

•  

• Grossman-Nir limit

18

FIG. 3 Unitarity triangle from K → πνν̄.

E. sin 2β from K → πνν̄

Using (III.25) one finds subsequently (Buchalla and Buras, 1994b)

sin 2β =
2rs

1 + r2
s

, rs =
√

σ

√

σ(B1 − B2) − Pc(X)√
B2

= cotβ. (III.26)

Thus, within the approximation of (III.25), sin 2β is independent of Vcb (or A) and mt and as we will see in Section
IV these dependences are fully negligible.

It should be stressed that sin 2β determined this way depends only on two measurable branching ratios and on
the parameter Pc(X) which is completely calculable in perturbation theory as discussed in the previous section.
Consequently this determination is free from any hadronic uncertainties and its accuracy can be estimated with a
high degree of confidence. The calculation of NNLO QCD corrections to Pc(X) would certainly improve the accuracy
of the determination of sin 2β from the K → πνν̄ complex.

Alternatively, combining (III.1) and (III.15), one finds (Buras et al., 2004c)

sin 2βeff =
2r̄s

1 + r̄2
s
, r̄s =

√
B1 − B2 − P̄c(X)√

B2
= cotβeff (III.27)

where βeff = β − βs. As βs = O(λ2), we have

cotβ = σ cotβeff + O(λ2) (III.28)

and consequently one can verify that (III.27), while being slightly more accurate, is numerically very close to (III.26).
This formula turns out to be more useful than (III.26) when SM extensions with new complex phases in X are
considered. We will return to it in Section VI.

Finally, as in the SM and more generally in all MFV models there are no phases beyond the CKM phase, the MFV
relation (I.1) should be satisfied. The confirmation of this relation would be a very important test for the MFV idea.
Indeed, in K → πνν̄ the phase β originates in the Z0 penguin diagram, whereas in the case of aψKS

in the B0
d − B̄0

d
box diagram. We will discuss the violation of this relation in particular new physics scenarios in Sections VI and VII.

F. The Angle γ from K → πνν̄

We have seen that a precise value of β can be obtained both from the CP asymmetry aψKS
and from the K → πνν̄

complex in a theoretically clean manner. The determination of the angle γ is much harder. As briefly discussed in
Section VIII and in great detail in (Ali, 2003; Buchalla, 2003; Fleischer, 2002, 2004; Hurth, 2003; Nir, 2001), there
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Introduction

! Searching for KL→!0"" decay
" Flavor Changing　Neutral Current

" Direct CP violation (#s =1)

" Clean measurement of Im(Vtd) ~ $

! The first dedicated experiment

! step-by-step approach

E391a(O(10-10)) #　J-Parc(O(10-13))

Br(KL → π0νν̄) ∝ η2

η

Br(KL → π
0
νν̄)SM = (3.0 ± 0.6) × 10−11

∆S = 1

KL → π
0
νν̄

Br(KL → π
0
νν̄) < 1.4 × 10−9

Figure 3: Schematic determination of the unitarity triangle vertex (ϱ, η) from
K → πνν̄ (vertically hatched) and from the B system (horizontally hatched).
Both determinations can be performed with small theoretical uncertainty and any
discrepancy between them would indicate new physics, as illustrated in this hypo-
thetical example.

The quantity B(KL → π0νν̄) by itself offers probably the best precision in
determining ImV ∗

tsVtd or, equivalently, the Jarlskog parameter

JCP = Im(V ∗
tsVtdVusV

∗
ud) = λ

(

1 −
λ2

2

)

Imλt (13)

The prospects here are even better than for B physics at the LHC. As an example,
let us assume the following results will be available from B physics experiments

sin 2α = 0.40 ± 0.04 sin 2β = 0.70 ± 0.02 Vcb = 0.040 ± 0.002 (14)

The small errors quoted for sin 2α and sin 2β from CP violation in B decays
require precision measurements at the LHC. In the case of sin 2α we have to
assume in addition that the theoretical problem of ‘penguin-contamination’ can
be resolved. These results would then imply Imλt = (1.37 ± 0.14) · 10−4. On the
other hand, a ±10% measurement B(KL → π0νν̄) = (3.0 ± 0.3) · 10−11 together
with mt(mt) = (170 ± 3)GeV would give Imλt = (1.37 ± 0.07) · 10−4. If we are
optimistic and take B(KL → π0νν̄) = (3.0±0.15)·10−11, mt(mt) = (170±1)GeV ,
we get Imλt = (1.37 ± 0.04) · 10−4, a remarkable accuracy. The prospects for
precision tests of the standard model flavour sector will be correspondingly good.

The future experimental prospects for K+ → π+νν̄ and KL → π0νν̄ are
discussed in the talks by Bryman, Cox, Inagaki, Muramatsu and Ramberg.

Recent work on new-physics effects in K → πνν̄ can be found in [18].

8
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The most suppressed FCNC

New Physics Signatures in Kaon Decays Monika Blanke

1. Introduction

Kaon physics has played a prominent role in the development of the Standard Model (SM).
The observation of the “strange” K mesons in cosmic rays led to the introduction of the three
quark model to describe the observed meson and baryon spectra [1]. Subsequently in 1970 the
charm quark was predicted to explain the observed branching ratio for the decay KL ! µ+µ� [2],
and was discovered only four years later. Also the existence of a third generation of quarks was
predicted from kaon data: Kobayashi and Maskawa realized that the observed CP violation in the
neutral K meson system can be explained within the SM only in the presence of at least three quark
flavours that mix with each other [3].

Subsequently the role of kaon physics has shifted to constraining the parameter space of the
SM. The most precise determination of the CKM element |Vus|, the so-called Cabibbo angle [4],
is currently obtained from K decays through charged current interactions [5]. Furthermore the pa-
rameter eK measuring CP violation in K0 � K̄0 mixing, generated at loop level in the SM, provides
important information for the determination of the CKM matrix.

With the great success of the B-factories Belle and BaBar confirming the CKM matrix as
the dominant source of flavour and CP violation the interest in flavour changing neutral current
(FCNC) processes has shifted from a precise determination of the CKM parameters to the search
for non-SM contributions to these decays. In order to appreciate the special role played by the
K sector, it is instructive to first consider the pattern of effects predicted in the SM. Due to the
hierarchical structure of the CKM matrix, together with the GIM suppression [2] of the charm
quark contribution, the generic prediction for the size of FCNC transition in the various meson
systems is determined by

|V ⇤
tsVtd || {z }

K system

⇠ 5 ·10�4 ⌧ |V ⇤
tbVtd || {z }

Bd system

⇠ 10�2 < |V ⇤
tbVts|| {z }

Bs system

⇠ 4 ·10�2 , (1.1)

i. e. FCNC transitions in the kaon sector are most suppressed while the effects in b ! d and b ! s
transitions are larger.

The new physics (NP) flavour structure on the other hand does in general not exhibit the CKM
hierarchies. Consequently the largest deviations from the SM predictions are to be expected in kaon
physics, while the effects in rare B decays are generally smaller. Such a pattern of NP effects can
indeed be found e. g. in the Littlest Higgs model with T-parity (LHT) [6, 7, 8], in the custodially
protected Randall-Sundrum model (RSc) [9, 10, 11] or in a general left-right model (LR) [12].
Therefore even with the SM-like measurements of the Bs mixing phase and the branching ratio for
Bs ! µ+µ� at LHCb, large NP signatures can still be hoped for in rare kaon decays, such as the
K ! pnn̄ system or the KL ! p0`+`� decays.

2. Lessons from K0 � K̄0 mixing

Before discussing the possible NP signatures in rare K decays, let us briefly review the lessons
we have learned from the study of neutral kaon mixing. In the SM the short-distance contribution
to K0 � K̄0 mixing is generated first at the one loop level via box diagrams with virtual up-type
quarks and W± bosons, and is therefore governed by a single effective operator (s̄d)V�A(s̄d)V�A.

2

M. Blanke, arXiv:1305.5671v1

The largest deviations from the SM prediction  
in Kaon sector.
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As a result of this cleanliness, the CP violating phase 
can be extracted almost without any hadronic uncer- 
tainty, even if this phase comes from new physics. 
Specifically, defining 0 to be the relative phase be- 
tween the K - R mixing amplitude and the s --f dvF 
decay amplitude, namely A = e2”, we get from Eq. 
(5) 

r( KL + GT~~~) 1 - cos28 
[‘(K, + 7~‘vV) = 1 +cos2e 

= tan’ 6. (6) 

This ratio measures 0 without any information about 
the magnitude of the decay amplitudes. In reality it will 
be impossible to measure I( KS + T~ovV>. We can 
use the isospin symmetry relation, A(p + ~~0~6) 
/A( K’ --j s-+I@) = l/d, to replace the denomina- 
tor by the charged kaon decay mode: 

I -cos28 = 
2 

= sin2 8, (7) 

where Yis = 0.954 is the isospin breaking factor [ 151. 
The ratio (7) may be experimentally measurable, as 
the relevant branching ratios are 0( lo-“) in the Stan- 
dard Model and even larger in some of its extensions. 
It will provide us with a very clean measurement of 
the CP violating phase 0 which has a clear interpreta- 
tion in any given model. 

In the Standard Model, the penguin and box di- 
agrams mediating the s + dvfi transition get con- 
tributions from top and charm quarks in the loop. 
The charm diagrams carry the same phase as the 
mixing amplitude, arg( VcdVct,). The top diagrams de- 
pend on arg( &V,: ) , so that their phase difference 
from the mixing amplitude is the angle p of the uni- 
tarity triangle. Had the top contribution dominated 
both K,, - n”ovV and Ki + r+vF, we would have 
0 = p. However, while the charm contribution to 
KI. + n-“vovV is negligible, it is comparable to the top 
contribution to K+ -+ s-+vfi. Then we cannot di- 
rectly relate the experimentally-derived 0 of Eq. (7) 
to the model parameter p, and a calculation of the 
charm and top amplitudes is also needed [ 31. With 
new physics, the magnitude of the decay amplitude is 
generally not known. The ratio (7) is most useful if 
both K1. + TTOVC and Ki + r+vF are dominated by 
the same combination of mixing angles. The phase of 

this combination is then directly identified with 8, and 
we need not know any other of the new parameters. 

Eq. (7) allows us to set an upper bound on 
BR( KL --f n-OvV). Using sin2 8 < 1 and r~, /TKI = 
4.17, we have 

BR(KL+rovt) <4.4xBR(K++7~‘vv). (8) 

Using the 90% CL experimental upper bound [ 161 

BR( K+ -3 7T+vv 1 

we get 

BR( KL -+ n-‘vV) 

Actually, Eq. (8) 

< 2.4 x 10-9, (9) 

< 1.1 x lO-R. ( 10) 

assumes only isospin relations and 
does not even require that the final state is CP even. 
Therefore, the bound ( 10) is model independent. This 
bound is much stronger than the direct experimental 
upper bound [ 171 BR(KL + ~TOVF) < 5.8 x IO-‘. 

New physics can modify both the mixing and the 
decay amplitudes. The contribution to the mixing can 
be of the same order as the Standard Model one. How- 
ever, E = 0( 10-s) implies that any such new contribu- 
tion to the mixing amplitude carries the same phase as 
the Standard Model one (to 0( 10-j) ) On the other 
hand, the upper bound (9) which is about 30 times 
larger than the Standard Model prediction [ 31 allows 
new physics to dominate the decay amplitude (with 
an arbitrary phase). We conclude that the only rele- 
vant new contribution to ucp can come from the decay 
amplitude. This is in contrast to the B system where 
we expect significant effects of new physics mainly in 
the mixing amplitude (see, e.g. [ 181 1. 

We now give an explicit example of a new physics 
model with potentially large effects on KL_ + n-‘z@. 
We consider a model with extra quarks in vector-like 
representations of the standard Model gauge group, 

d4C3.1 )-l/-i + dJ(3. l),l/.b (11) 

Such (three pairs of) quark representations appear. 
for example, in GUTS with an E6 gauge group. It is 
well known that the presence of new heavy fermions 
with non-canonical SCJ(2) transformations (left- 
handed singlets and/or right-handed doublets) mixed 
with the standard leptons and quarks would give rise 
to tree level flavor changing neutral currents in Z 
interactions [ 191. Moreover, these flavor changing 

NA62
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Principle of  experiment

Signature of  KL→π0νν = 2γ+nothing
Calorimeter + Hermetic veto detectors
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ν
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KAON13 @ Univ. of Michigan Ann Arbor

Principle
• KL pencil beam
• 2γ + nothing

• Calorimeter + Hermetic veto

3
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K0 at TOkai

CP violating rare decay KL→π0νν

Flavor changing neutral current,
  occurring via loop diagrams
Dominated by t-quark loop
Theoretically clean

A probe to explore beyond the Standard Model
New heavy particle in loop can contribute

2

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

6

etc...

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

Possible BSM effects

8

SM diagrams 

Possible NP diagrams (s!dZ) 

from PRD76.074027 

+ 

THDM: two-HIggs-doublet model
MSSM: minimal-supersymmetric SM
mUED: minimal universal extra dimension
LHT    : littlest Higgs model with T parity

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

Possible BSM effects
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SM diagrams 

Possible NP diagrams (s!dZ) 

from PRD76.074027 

+ 

THDM: two-HIggs-doublet model
MSSM: minimal-supersymmetric SM
mUED: minimal universal extra dimension
LHT    : littlest Higgs model with T parity
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J-PARC E14/KOTO experiment: 
KL!π0νν measurement

Goal = observation of  few SM events

KOTO stands for “K0 at Tokai”
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Photon detection inefficiency 
Pencil beam
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As a result of this cleanliness, the CP violating phase 
can be extracted almost without any hadronic uncer- 
tainty, even if this phase comes from new physics. 
Specifically, defining 0 to be the relative phase be- 
tween the K - R mixing amplitude and the s --f dvF 
decay amplitude, namely A = e2”, we get from Eq. 
(5) 

r( KL + GT~~~) 1 - cos28 
[‘(K, + 7~‘vV) = 1 +cos2e 

= tan’ 6. (6) 

This ratio measures 0 without any information about 
the magnitude of the decay amplitudes. In reality it will 
be impossible to measure I( KS + T~ovV>. We can 
use the isospin symmetry relation, A(p + ~~0~6) 
/A( K’ --j s-+I@) = l/d, to replace the denomina- 
tor by the charged kaon decay mode: 

I -cos28 = 
2 

= sin2 8, (7) 

where Yis = 0.954 is the isospin breaking factor [ 151. 
The ratio (7) may be experimentally measurable, as 
the relevant branching ratios are 0( lo-“) in the Stan- 
dard Model and even larger in some of its extensions. 
It will provide us with a very clean measurement of 
the CP violating phase 0 which has a clear interpreta- 
tion in any given model. 

In the Standard Model, the penguin and box di- 
agrams mediating the s + dvfi transition get con- 
tributions from top and charm quarks in the loop. 
The charm diagrams carry the same phase as the 
mixing amplitude, arg( VcdVct,). The top diagrams de- 
pend on arg( &V,: ) , so that their phase difference 
from the mixing amplitude is the angle p of the uni- 
tarity triangle. Had the top contribution dominated 
both K,, - n”ovV and Ki + r+vF, we would have 
0 = p. However, while the charm contribution to 
KI. + n-“vovV is negligible, it is comparable to the top 
contribution to K+ -+ s-+vfi. Then we cannot di- 
rectly relate the experimentally-derived 0 of Eq. (7) 
to the model parameter p, and a calculation of the 
charm and top amplitudes is also needed [ 31. With 
new physics, the magnitude of the decay amplitude is 
generally not known. The ratio (7) is most useful if 
both K1. + TTOVC and Ki + r+vF are dominated by 
the same combination of mixing angles. The phase of 

this combination is then directly identified with 8, and 
we need not know any other of the new parameters. 

Eq. (7) allows us to set an upper bound on 
BR( KL --f n-OvV). Using sin2 8 < 1 and r~, /TKI = 
4.17, we have 

BR(KL+rovt) <4.4xBR(K++7~‘vv). (8) 

Using the 90% CL experimental upper bound [ 161 

BR( K+ -3 7T+vv 1 

we get 

BR( KL -+ n-‘vV) 

Actually, Eq. (8) 

< 2.4 x 10-9, (9) 

< 1.1 x lO-R. ( 10) 

assumes only isospin relations and 
does not even require that the final state is CP even. 
Therefore, the bound ( 10) is model independent. This 
bound is much stronger than the direct experimental 
upper bound [ 171 BR(KL + ~TOVF) < 5.8 x IO-‘. 

New physics can modify both the mixing and the 
decay amplitudes. The contribution to the mixing can 
be of the same order as the Standard Model one. How- 
ever, E = 0( 10-s) implies that any such new contribu- 
tion to the mixing amplitude carries the same phase as 
the Standard Model one (to 0( 10-j) ) On the other 
hand, the upper bound (9) which is about 30 times 
larger than the Standard Model prediction [ 31 allows 
new physics to dominate the decay amplitude (with 
an arbitrary phase). We conclude that the only rele- 
vant new contribution to ucp can come from the decay 
amplitude. This is in contrast to the B system where 
we expect significant effects of new physics mainly in 
the mixing amplitude (see, e.g. [ 181 1. 

We now give an explicit example of a new physics 
model with potentially large effects on KL_ + n-‘z@. 
We consider a model with extra quarks in vector-like 
representations of the standard Model gauge group, 

d4C3.1 )-l/-i + dJ(3. l),l/.b (11) 

Such (three pairs of) quark representations appear. 
for example, in GUTS with an E6 gauge group. It is 
well known that the presence of new heavy fermions 
with non-canonical SCJ(2) transformations (left- 
handed singlets and/or right-handed doublets) mixed 
with the standard leptons and quarks would give rise 
to tree level flavor changing neutral currents in Z 
interactions [ 191. Moreover, these flavor changing 



KLàπ0 π0 Background ?
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Principle of  experiment

Signature of  KL→π0νν = 2γ+nothing
Calorimeter + Hermetic veto detectors
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When we miss 2 gammas among 4 gammas generated at the 
KLàπ0 π0 decay. 

Br(KLàπ0 π0)/Br(KLàπ0𝝼𝝼) =2.6X107 

We have to detect gamma with inefficiency less than 10-4



Why we miss the gamma ?
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Photo-nuclear

Punch-through 

Thickness of Calorimeter (Xo)Pr
ob

. o
f 

Pu
nc

h-
Th

ro
ug

h

Xo

𝜸

Xo

𝜸

n
Detailed study using M.C.

Energy dependent 

   (GDR and Delta resonate) 

Doubtable M.C. calculation



Inefficiency measurement
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Electron beam from INS 1.3-GeV ES 

Photon tagging system,  

32 +8 (backing) counters,  

detects recoil electrons after  

bremsstrahlung.)  

Samples were placed behind a shield 

through active collimation. 

Still not so perfect photon-tagging to 

make a direct measurement of 

inefficiency.  1~0.1% mis-tagging 

exists 
Important to invite new member 
  ->  Saga Univ. joint : H. Watanabe
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CsI Calorimeter Lead-Scin. Sampling calorimeter



Two issues

18

Photon detection inefficiency 
Pencil beam

5 years to get approval !

My participation

Request a young staff: 
      —>  real start of the experiment



19 Dec. 1995 Post-doc.
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Stopped'K'method'
•  K1.1BR&beamline&
•  Fitch&Cherenkov&
•  K+&stopping&target�

Tracking'
•  MWPC&(C2,&C3,&C4
&
•  Spiral&Fiber&Tracker(SFT)�

'PID'
•  TOF1,2&
•  Aerogel&Cherenkov&(AC)&
•  Pb&glass&counter&(PGC)�

Gamma'ray'
•  CsI(Tl)&�

Reasonable'upgrade'of'KEK?PS'E246�

SFT,&TOF1�

The TREK apparatus for E36 
6 
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4

Transverse µ+ polarization in Κµ3

K+→π0µ+ν decay

!  PT  is T-odd,  and spurious effects from final state interaction 
     are small: PT(FSI) < 10-5 
             Non-zero PT is a signature of  T violation.

!  Standard Model (SM) contribution to PT :  PT(SM) < 10-7

                   PT in the range 10-3~10-4 is a sensitive probe of 
             CP violation beyond the SM.

!  There are theoretical models of new physics which allow 
    a sizable PT without conflicting with other experimental 
    constraints. 



Plans @ USA
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KOPIO @ BNL
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~ 2 years work 
Every things are new experience 

Interesting period to study many things! 
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YAMA
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G.Y.Lim @ Oct. 2001

Prof. Okuno/Yamagata U.

 S.Y. Lee/H.S.Lee 
Misha(JINR)

 Saga U.

K. Sakashita 
(Osaka U.)

T. Sumida 
(Kyoto U.)

tens of master students
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69 authors
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The most expensive part

Electronics

Re-use existing resources



Full-time workers
T. Inagaki, H. Okuno, G.Y.Lim, M.Yamaga, Y. Tajima 

H.Watanabe,S.Y.Lee,M. Dorochenko, 
H.S.Lee,K.Sakashita,T.Sumida

30

Leading role of spokesman 

 To make ongoing project   

 Increasing many collaborators 

Concentrating 3~4 physicists is essential
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E391a @ JPARC(A-line) 
n  From the 1-day data analysis (E391a) 

n  Expected S.E.S. : (2.5-5)X10-8/day 
n  We can expect 

n  Under assumption of 
n  Same acceptance with that of the E391a 
n  2X1014 (30 GeV) Protons /3.4 sec 

n  Same beam size at the calrimeter 
n  1.6X107 KL/spill (H. Watanabe�s M.C.) 

n  107 sec data taking / year 
n  We could expect (5.7-11.3)X10-12 S.E.S / year 

( 16 - 8 ) events  for 3 years data taking 

n �More reliable results f E391a (soon later) 
n �Rate effects / Operation of accelerator (have to check) 



Phase transition
Morden collaboration 
Each institutes have clear responsibility 
KEK : E391a detector transportation 

                 Beam line 
Osaka U. : CsI calorimetern (KTeV) 
U. of Chicago : Flash ADC 
Michigan : DAQ 
Kyoto U.: Additional detectors

33
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Hadron Hall so far 

30 GeV Proton beam

Production Target
K1.8

K1.8BR

K1.1BR

KL



KL Beam Line
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16o 20m
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Timeline of KOTO 

18 

Closing vacuum chamber 
                            (2012 Dec) 

Charged Veto installation (2012  June) 

NCC installation 
(2012 Nov) 

FB installation (2012 Nov) 

Main Barrel installation (2012 Dec) 

Sub detectors (CC04 etc.) 
Installation (2012 Dec) 

2013 Jan engineering run 

1st physics run 
2013 June 

Beamline 
construction 
finished 
(2009 Aug) 

CsI 
calorimeter 
stacking 
finished 
(2010 Feb) (2011 Feb)

2013 May

12

Neutron
 Collar Counter

Kyoto Univ.

2013/09/21  Kyoto Kaon weekly meeting

• Introduction

• J-PARC

• Kaon 

experiments

Contents

So, ...
• KOTO

• Piano

• Papionn

• Pi+KL

KO
s

d

T!
!

PIAn NOthino

poco  a   poco

clustering for n/γ separation
ハロー中性子測定においては、ハロー中性子より~100倍のhit rateを持つKL decay
起源のγがバックグラウンド事象となる　　　　　　　　　　　　　　　　　　　　　
→ NCCはX,Y,Zそれぞれ分割されており、clusteringを行う事で３次元的なシャワー
形状の情報からn/γ separationを実現できる

9

典型的なKLdecay　event(MC)典型的なハロー中性子event (MC)

front hit
無し あり

cluster数
１ 複数
cluster のsize

大 小

おおまかな特徴

シャワーのz方向の発展
大 小

front front

middle rear middle rear

sum sumMC KL decay event
Sum

16

CsI Calorimeter

CFRP cover against 
earthquake

Brought FNAL KTeV CsI

FCVData
Entries  1113168
Mean     0.56
RMS     0.198

Energy depodit (MeV / 5 keV)
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

-710

-610

-510

-410

-310

-210

FCVEnergy deposit

FCVData
Entries  1113168
Mean     0.56
RMS     0.198

FCVMC
Entries  999563
Mean   0.5333
RMS    0.1917

FCVEnergy deposit
100keV threshold

Data：11 / 1113168 
          = 0.988±0.299×10-5

MC：10 / 999563    
         = 1.00±0.316×10-5

Upper limit：1.58×10-5

@90%.C.L.

<experimental set up >
beam direction (mm)

0 1000 2000 3000 4000 5000 6000 7000

Y
 (m

m
)

-1500

-1000

-500

0

500

1000

1500
Experimental set up

Drift Chambers Charged Veto Hodoscope
CsI calorimeter

active region

de-active region

1
2 3

4

IneffData
Entries  6092
Mean      150
RMS     36.97

distance between COE and track (mm / 10 mm)
0 20 40 60 80 100 120 140 160 180 200

-410

-310

-210

-110

distance between COE and track

IneffData
Entries  1342
Mean    167.2
RMS     24.87

IneffMC
Entries  7490
Mean    154.5
RMS     33.86

distance between COE and track
dependence between CV inefficiency

 and hit distance 
reject

CV

change flight pass

CsI
chamber trackchamber

no particle penetrate
→become inefficiency

○the effect of multiple scatter
      and hard scatter .
○π→µdecay in flight.

main source of unqualified track 

< conceptual diagram of the KOTO detector >

Evaluation of the inefficiency of a charged particle detector for KOTO experiment
D.Naito1, N.Sasao2, T.Nomura3, H.Nanjo1, N.Kawasaki1, Y.Maeda1, S.Seki1, I.Kamimji1, K.Nakagiri1

1Kyoto Univesrity, 2Okayama University, 3KEK

・π0(2γ)  is measured with the CsI calorimeter
　○Energy
　○Positions 
・Hermetic veto counters surrounding the decay volume 
　→Ensures nothing else.

calculate ○Vertex position
○Transverse momentum 

Cut value

Started in May 2013, at J-PARC(TOKAI, JAPAN)
Goal of the KOTO experiment
　○Discovery of the KL → π0νν decay
　○Search for physics beyond the SM

< decay diagram >

mediate unknown particle ?

　　○small theoretical uncertainty(～2%) 

　　○suppress in the SM(Br～2.4x10-11)

　　　→sensitive  to new physics.

KL→π0νν
2γ

undetected
signal event @ KOTO

2γ + nothing

CsI calorimeter

KL

ν

Charged Veto

charged

charged

○Charged particle counters in front of the CsI calorimeter.
○reject Kaon decays including charged particle below one-1010th.
　→need 10-3 inefficiency against a charged particle which 
        penetrates CV toward the calorimeter  at 100 keV threshold .

< CV and CsI calorimeter>

<CV over view> <each module design>

○two plastic scintillator planes (48strips + 44strips).
○make overlap of scintillator strips to reduce the gap.
　groove wavelength shifting fibers.

　use MPPC for the both-end readout of the fibers.

analysis flow

<photo of CV>

Introduction to the KOTO experiment

Introduction to Charged veto

to achieve high light-yield and efficiency over the whole area.

Evaluation of the inefficiency of a Charged veto
○measured in June, 2012, at the Koto beam line.
○environment of  the experimental area：air(beam power:6kW)

○tracking：Drift chambers + Hodoscopes(require 2 tracks)

1 reconstruct XY of 2tracks by the drift chambers

 matching of hodoscope hit and track2

matching of CV hit and the track4

<hodoscope (blue) and CsI active region(red) >

track from chamber

COE@CsI

define as "hit distance"

5

1 4 ensure track reconstruction
5 ensure charged-particle hit position

conclusion
○We designed and constructed, evaluated CV performance.
○CV requires 10-3 inefficiency for rejection of background.
○CV achieves ～2×10-5 inefficiency.

○main systematic uncertainties.
　→due to accidental hit (3%).
　→due to contamination of unqualified track(1.7±0.14%).

calculate hit position on CsI3

2

RCVData
Entries  1113168
Mean   0.5619
RMS    0.2042

Energy depodit (MeV / 5 keV)
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

-710

-610

-510

-410

-310

-210

RCVEnergy deposit

RCVData
Entries  1113168
Mean   0.5619
RMS    0.2042

RCVMC
Entries  999563
Mean   0.5351
RMS    0.1977

RCVEnergy deposit
100keV threshold

Data：14 / 1113168
           = 1.258±0.336×10-5

MC：10 / 999563   
         = 1.00±0.316×10-5

Upper limit：1.88×10-5

@90%.C.L.

front layer Rear layerthe track position of
inefficiency event
○Black square (0.6×0.6mm2)：
　hole for fixing scintillator.
○most inefficiency event 
  penetrate the hole or bounds
  of scintillators.

check energy deposit of CV6

reject unqualified track5

track near the CsI hit

track far from the CsI hit

5

CsI

CV

NCC

MBFB
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Timeline of KOTO 

18 

Closing vacuum chamber 
                            (2012 Dec) 

Charged Veto installation (2012  June) 

NCC installation 
(2012 Nov) 

FB installation (2012 Nov) 

Main Barrel installation (2012 Dec) 

Sub detectors (CC04 etc.) 
Installation (2012 Dec) 

2013 Jan engineering run 

1st physics run 
2013 June 

Beamline 
construction 
finished 
(2009 Aug) 

CsI 
calorimeter 
stacking 
finished 
(2010 Feb) (2011 Feb)

2013 May
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Installed 
April 1, 2016 



His
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History of data taking

First physics run 
- Published -

Under analyzing data Just finished 
 data analysis 

(2015 Run)

Hadron Facility 
renovation



Result of 2015 Run
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Several detector upgrades   to 
reject background events 
observed the first physics run  

Background estimation with 
blinded signal region

Opened Box in June 2018 

No signal candidate 

BR<3.0×10-9 @90%C.L.



Enhanced neutron events
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Rec. z [mm]

P t
 [M

eV
/c

]
π0 event

neutron event

70-hour data taking with Al-target  
(>15 times more than May 2013) 

To study cluster and pulse shape in  
the calorimeter 

To develop a method to  discriminate 
neutron induced events from the π0 
events
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Halo neutron events
To reduce scattering source 

To take data for enhanced neutron events

Beam Line

Gate Valve

Polyimide  
vacuum window

FB

MB

Membrane to separate high vacuum 
 region from low vacuum region

Movable Target

Decay  
Region

NCC

Beam

Tungsten Target 
(2mm𝜙 X 8mm)

Aluminum Target 
(80X80X10mm3) 

Shaft Bellows

Motor
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Downstream Charged Veto
DCV1 DCV2CsI surface 

(z=6168)

1. Membrane doesn’t be changed (using current one). 
2. DCV1 start 946 downstream from the CsI surface. 

1. Cross section is 166mmX166mm and length of 1410mm 
3. DCV2 start 89mm downstream from the DCV1 rare edge. 

1. Cross section is 176mmX176mm and length of 1480mm 
4. Thickness of DCV1 and DCV2 is 5mm 
5. CsI G-10 : change length 900 ->550 

1. start 50mm in front of the CsI



Summary
KOTO searching for new physics with K-decay. 

It takes long time to start an experiment. 

Long-term plan, working plan is important 

Successful collaboration needs core members.  

Need not so many, but fully concentrate (at least 3). 

Proper appraisal. 

Searching for existing resources. Step-by-setp approach.  

Self-motivation collaborator is important. 

Not always contributing, but needed time. 

Develop their contributing items.
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