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The cleanest mode in theory
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• computation of complete NLO electroweak corrections to the top quark con-
tribution to K+

! ⇡+⌫⌫̄ and KL ! ⇡0⌫⌫̄ in [8];

• reduction of uncertainties due to mt(mt), mc(mc) and ↵s(MZ), with the last
two relevant in particular for the charm contribution to K+

! ⇡+⌫⌫̄.

While incorporating these advances in our presentation we will also include

• NLO QCD corrections to the top quark contributions [1–3] and NNLO QCD
corrections to the charm contribution [4–6];

• isospin breaking e↵ects and non-perturbative e↵ects [10, 11].

2.1 K+ ! ⇡+⌫⌫̄

The branching ratio for K+
! ⇡+⌫⌫̄ in the SM is dominated by Z0 penguin di-

agrams, with a significant contribution from box diagrams. Summing over three
neutrino flavours, it can be written as follows [3, 11]

B(K+
! ⇡+⌫⌫̄) = +(1 + �EM)·
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with

+ = (5.173 ± 0.025) · 10�11


�

0.225

�8

, �EM = �0.003. (2.2)

Here xt = m2
t /M

2
W , � = |Vus|, �i = V ⇤

isVid are the CKM factors discussed below,
and + summarises the remaining factors, in particular the relevant hadronic matrix
elements that can be extracted from leading semi-leptonic decays of K+, KL and KS

mesons [11]. �EM describes the electromagnetic radiative correction from photon
exchanges. X(mt) and Pc(X) are the loop functions for the top and charm quark
contributions, which are discussed below. An explicit derivation of (2.1) can be
found in [33]. The apparent large sensitivity of B(K+

! ⇡+⌫⌫̄) to � is spurious as
Pc(X) ⇠ ��4 (see (2.6)) and the dependence on � in (2.2) cancels the one in (2.1)
to a large extent. Therefore when changing � it is essential to keep track of all the
� dependence.

In obtaining the numerical values in (2.2) [11], the MS scheme with

sin2 ✓w(MZ) = 0.23116, ↵(MZ) =
1

127.925
, (2.3)

has been used. As their errors are below 0.1% these can currently be neglected.
Note, however, that although the prefactor of the e↵ective Hamiltonian, ↵/ sin2 ✓w,
is precisely known in a particular renormalisation scheme (MS in this case) it re-
mains a scheme dependent quantity, with the scheme dependence only removed by
considering higher order electroweak e↵ects in K ! ⇡⌫⌫̄. An analysis of such ef-
fects in the large mt limit [9] demonstrated that in principle this scheme dependence
could introduce a ±5% correction in the K ! ⇡⌫⌫̄ branching ratios, and that with
the MS definition of sin2 ✓W these higher order electroweak corrections are found

for the decays KL → π0νν̄, B → Xsνν̄ and B → Xdνν̄, with (n̄n′) = (s̄d), (b̄s),
(b̄d), respectively. Similarly

Heff = −
GF√

2

α

2π sin2 ΘW
V ∗

tnVtn′Y (xt)(n̄n′)V −A(l̄l)V −A + h.c. (24)

for Bs → l+l− and Bd → l+l−, with (n̄n′) = (b̄s), (b̄d). The functions X, Y are
given in (2) and (16).

5 Phenomenology of K+ → π+νν̄

5.1 General Aspects and Standard Model Prediction

The branching fraction of K+ → π+νν̄ can be written as follows

B(K+ → π+νν̄) = κ+ ·
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κ+ = rK+

3α2B(K+ → π0e+ν)

2π2 sin4 ΘW
λ8 = 4.11 · 10−11 (26)

Here xt = m2
t /M

2
W , λi = V ∗

isVid and rK+ = 0.901 summarizes isospin breaking
corrections in relating K+ → π+νν̄ to the well measured leading decay K+ →
π0e+ν [9]. In the standard parametrization λc is real to an accuracy of better
than 10−3. We remark that in writing B(K+ → π+νν̄) in the form of (25) a
negligibly small term ∼ (Xe

NL − Xτ
NL)2 has been omitted (0.2% effect on the

branching ratio).
A prediction for B(K+ → π+νν̄) in the Standard Model can be obtained

using information on kaon CP violation (εK), |Vub/Vcb| and B − B̄ mixing to
constrain the CKM parameters Reλt and Imλt in (25). This standard analysis
of the unitarity triangle is described in more detail in [5]. Here we present an
updated prediction using new input from the 1998 Vancouver conference [10]. We
take

BK = 0.80 ± 0.15

√

mBs

mBd

fBs

√
BBs

fBd

√

BBd

< 1.2 P0(X) = 0.42 ± 0.06 (27)

for the (scheme-invariant) kaon bag parameter BK , the SU(3) breaking among
the matrix elements of Bs–B̄s and Bd–B̄d mixing, and P0(X) in (25), respectively.
Next we use [10]

mt = m̄t(mt) = (166±5)GeV Vcb = 0.040±0.003 |Vub/Vcb| = 0.091±0.016
(28)

and the experimental results on Bd − B̄d and Bs − B̄s mixing [10]

∆Md = (0.471 ± 0.016)ps−1 ∆Ms > 12.4ps−1 (29)

6

outcome is compared with the result from the standard analysis of the unitarity
triangle (bound B). We find that as long as rds is higher than 1.4, the rds bound
has no impact on the maximal value in the standard analysis. We also observe
that bound A, which is theoretically very reliable, is only slightly weaker than
the less clean result of bound B.

Table 4: B(K+ → π+νν̄)max · 1010 from ∆Md/∆Ms alone (bound A), compared
with the maximum value from the standard analysis (bound B), where also the
information from |Vub/Vcb|, εK and ∆Md is used. The bounds are shown for
various rsd,max, the maximum of the SU(3) breaking parameter rsd.

rsd,max Bound A Bound B

1.40 1.67 1.32
1.30 1.49 1.21
1.25 1.40 1.17
1.20 1.32 1.14

5.3 |Vtd| from B(K+ → π+νν̄)

Eventually, a precise experimental determination of B(K+ → π+νν̄), in particu-
lar if compatible with Standard Model expectations, can be used to extract |Vtd|
directly from (25) [4, 16]. We would like to illustrate such an analysis here by
detailing the sources of uncertainty and their impact on the final result. Our
findings are summarized in table 5. We remark that the sensitivity of |Vtd| to
variations in the input is fairly linear for the parameters B(K+ → π+νν̄), and

Vcb through Λ(4)

MS
, so that the effect of other choices for the errors can be easily

infered from this table.

6 Phenomenology of KL → π0νν̄

The rare decay mode KL → π0νν̄ is a measure of direct CP violation [17] and
therefore of particular interest. Using the effective hamiltonian (23) and summing
over three neutrino flavours one finds [4, 5]

B(KL → π0νν̄) = κL ·
(

Imλt

λ5
X(xt)

)2

(42)

κL = κ+
rKL

rK+

τ(KL)

τ(K+)
= 1.80 · 10−10 (43)

with rKL
= 0.944 the isospin breaking correction from [9] and κ+ given in (26).

Using the improved Wolfenstein parametrization [12] we can rewrite (42) as [5]

B(KL → π0νν̄) = κLη2A4X2(xt) (44)
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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.

LHT : Littlest Higgs model with T-parity 
RCs : Randall-Sundrum model 
LR : General left-right model
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Experimental Method
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Principle of  experiment

Signature of  KL→π0νν = 2γ+nothing
Calorimeter + Hermetic veto detectors
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 Detector
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KOTO detector

Signature of  KL→π0νν = 2γ+nothing
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Principle of  experiment

Reconstruction
Assuming 2γ come from π0,

• Calculate Z vertex

• Calculate π0 transverse momentum
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Principle
• KL pencil beam 
• 2γ + nothing

• Calorimeter + Hermetic veto

• Signal reconstruction
• Assume 2 gammas come from π0

• Require large transverse momentum
• z vertex - Pt distribution
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2.3 バックグラウンド 11

という関係が得られる。E1、E2 は入射 γ のエネルギーである。Eqs.(2.3-2.6)を用いると、π0 の
崩壊位置 Zvtx が求まる。
得られた Zvtx を使うと 2つの γ の運動量ベクトルを得ることができ、その和が π0 の運動量ベ
クトルになる。したがって π0 のビーム軸に垂直な運動量成分 Pt も求めることが出来る。この 2
つのパラメータ Zvtx と Pt をシグナルとバックグラウンドの識別に利用する。この部分について
は参考文献 [21]に詳しく記述されている。またこの 2つのパラメータ平面上でシグナルイベント
は Fig.2.3のように分布する。図の赤枠で囲まれる部分を signal boxと呼ぶ。

Fig. 2.2 K0
L → π0νν からの π0 の再構成。
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Fig. 2.3 K0
L → π0νν 分布。赤枠で囲ま

れた部分を信号事象と同定する。横軸の 0
は Front Barrel( 2.6.1)の上流端。

2.3 バックグラウンド
KOTO実験のバックグラウンド事象 (以下 B.G.)は次の２つに分類することが出来る。
1つは K0

L 自身が B.G.の源となるものである。代表的な例としては、K0
L → 2π0 の崩壊で生成

された４つの γ のうち 2 つを検出できなかった (miss veto) 場合が挙げられる。もう１つはビー
ムコア周りに存在するハロー中性子が源となるものである。この場合，ハロー中性子は検出器中の
物質と相互作用し、π0 を生成し、その信号をシグナルと見誤る事に起因する。ここではこれらの
B.G.について簡単にまとめる。

2.3.1 K中間子 B.G.

Table2.1に K0
L の主な崩壊モードと分岐比をまとめておく。これらは K中間子 B.G.の元にな

り得る。以下、各モードについて簡単にまとめておく。

cos � = 1�
M2

⇡0

2E1E2

1

10

2
10

Z Vertex

10001500200025003000350040004500500055006000

t
P

0

50

100

150

200

250

300

350

400

pi0nunu/pi0nunu/pi0nunuann08_100.rootpi0nunu/pi0nunu/pi0nunuann08_100.root

1

10

2
10

Z Vertex

10001500200025003000350040004500500055006000

t
P

0

50

100

150

200

250

300

350

400

pi0nunu/pi0nunu/pi0nunuann00_100.rootpi0nunu/pi0nunu/pi0nunuann00_100.root

1

10

2
10

Z Vertex

10001500200025003000350040004500500055006000

t
P

0

50

100

150

200

250

300

350

400

pi0nunu/pi0nunu/pi0nunuann05_100.rootpi0nunu/pi0nunu/pi0nunuann05_100.root

1

10

2
10

Z Vertex

10001500200025003000350040004500500055006000

t
P

0

50

100

150

200

250

300

350

400

pi0nunu/pi0nunu/pi0nunuann08_100.rootpi0nunu/pi0nunu/pi0nunuann08_100.root

-1
10

1

10

2
10

Z Vertex

10001500200025003000350040004500500055006000

t
P

0

50

100

150

200

250

300

350

400

pi0nunu/pi0nunu/pi0nunuann00_100.rootpi0nunu/pi0nunu/pi0nunuann00_100.root

-1
10

1

10

Z Vertex

10001500200025003000350040004500500055006000

t
P

0

50

100

150

200

250

300

350

400

pi0nunu/pi0nunu/pi0nunuann05_100.rootpi0nunu/pi0nunu/pi0nunuann05_100.root

[M
e
V
/c
]

[mm]

R
ec

on
st

ru
ct

ed
 P

t [
M

eV
/c

]

Reconstructed vertex [mm]
 1000                     3500                      6000

KL ! ⇥0��̄ signal box

!0

FB NCC MB CV
CsI calorimeter

CC03OEV

CC04 CC05 CC06 BHCV BHPV

LCVBCVHINEMOS

Saturday, April 20, 2013

10m

Vacuum chamber

KL

Decay region

"

"

!
!

 1

10

100

0.1

 50

100

150

200

250

300

350

450

A narrow KL beam is the key.OK T
ν

νs

d

KAON13 @ Univ. of Michigan Ann Arbor

Principle
• KL pencil beam 
• 2γ + nothing

• Calorimeter + Hermetic veto

• Signal reconstruction
• Assume 2 gammas come from π0

• Require large transverse momentum
• z vertex - Pt distribution

4

2.3 バックグラウンド 11

という関係が得られる。E1、E2 は入射 γ のエネルギーである。Eqs.(2.3-2.6)を用いると、π0 の
崩壊位置 Zvtx が求まる。
得られた Zvtx を使うと 2つの γ の運動量ベクトルを得ることができ、その和が π0 の運動量ベ
クトルになる。したがって π0 のビーム軸に垂直な運動量成分 Pt も求めることが出来る。この 2
つのパラメータ Zvtx と Pt をシグナルとバックグラウンドの識別に利用する。この部分について
は参考文献 [21]に詳しく記述されている。またこの 2つのパラメータ平面上でシグナルイベント
は Fig.2.3のように分布する。図の赤枠で囲まれる部分を signal boxと呼ぶ。

Fig. 2.2 K0
L → π0νν からの π0 の再構成。

1

10

2
10

Z Vertex

10001500200025003000350040004500500055006000

t
P

0

50

100

150

200

250

300

350

400

pi0nunu/pi0nunu/pi0nunuann08_100.rootpi0nunu/pi0nunu/pi0nunuann08_100.root

1

10

2
10

Z Vertex

10001500200025003000350040004500500055006000

t
P

0

50

100

150

200

250

300

350

400

pi0nunu/pi0nunu/pi0nunuann00_100.rootpi0nunu/pi0nunu/pi0nunuann00_100.root

1

10

2
10

Z Vertex

10001500200025003000350040004500500055006000

t
P

0

50

100

150

200

250

300

350

400

pi0nunu/pi0nunu/pi0nunuann05_100.rootpi0nunu/pi0nunu/pi0nunuann05_100.root

1

10

2
10

Z Vertex

10001500200025003000350040004500500055006000

t
P

0

50

100

150

200

250

300

350

400

pi0nunu/pi0nunu/pi0nunuann08_100.rootpi0nunu/pi0nunu/pi0nunuann08_100.root

-1
10

1

10

2
10

Z Vertex

10001500200025003000350040004500500055006000

t
P

0

50

100

150

200

250

300

350

400

pi0nunu/pi0nunu/pi0nunuann00_100.rootpi0nunu/pi0nunu/pi0nunuann00_100.root

-1
10

1

10

Z Vertex

10001500200025003000350040004500500055006000

t
P

0

50

100

150

200

250

300

350

400

pi0nunu/pi0nunu/pi0nunuann05_100.rootpi0nunu/pi0nunu/pi0nunuann05_100.root

[M
e
V
/c
]

[mm]

Fig. 2.3 K0
L → π0νν 分布。赤枠で囲ま

れた部分を信号事象と同定する。横軸の 0
は Front Barrel( 2.6.1)の上流端。

2.3 バックグラウンド
KOTO実験のバックグラウンド事象 (以下 B.G.)は次の２つに分類することが出来る。
1つは K0

L 自身が B.G.の源となるものである。代表的な例としては、K0
L → 2π0 の崩壊で生成

された４つの γ のうち 2 つを検出できなかった (miss veto) 場合が挙げられる。もう１つはビー
ムコア周りに存在するハロー中性子が源となるものである。この場合，ハロー中性子は検出器中の
物質と相互作用し、π0 を生成し、その信号をシグナルと見誤る事に起因する。ここではこれらの
B.G.について簡単にまとめる。

2.3.1 K中間子 B.G.

Table2.1に K0
L の主な崩壊モードと分岐比をまとめておく。これらは K中間子 B.G.の元にな

り得る。以下、各モードについて簡単にまとめておく。
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という関係が得られる。E1、E2 は入射 γ のエネルギーである。Eqs.(2.3-2.6)を用いると、π0 の
崩壊位置 Zvtx が求まる。
得られた Zvtx を使うと 2つの γ の運動量ベクトルを得ることができ、その和が π0 の運動量ベ
クトルになる。したがって π0 のビーム軸に垂直な運動量成分 Pt も求めることが出来る。この 2
つのパラメータ Zvtx と Pt をシグナルとバックグラウンドの識別に利用する。この部分について
は参考文献 [21]に詳しく記述されている。またこの 2つのパラメータ平面上でシグナルイベント
は Fig.2.3のように分布する。図の赤枠で囲まれる部分を signal boxと呼ぶ。

Fig. 2.2 K0
L → π0νν からの π0 の再構成。
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L → π0νν 分布。赤枠で囲ま

れた部分を信号事象と同定する。横軸の 0
は Front Barrel( 2.6.1)の上流端。

2.3 バックグラウンド
KOTO実験のバックグラウンド事象 (以下 B.G.)は次の２つに分類することが出来る。
1つは K0

L 自身が B.G.の源となるものである。代表的な例としては、K0
L → 2π0 の崩壊で生成

された４つの γ のうち 2 つを検出できなかった (miss veto) 場合が挙げられる。もう１つはビー
ムコア周りに存在するハロー中性子が源となるものである。この場合，ハロー中性子は検出器中の
物質と相互作用し、π0 を生成し、その信号をシグナルと見誤る事に起因する。ここではこれらの
B.G.について簡単にまとめる。

2.3.1 K中間子 B.G.

Table2.1に K0
L の主な崩壊モードと分岐比をまとめておく。これらは K中間子 B.G.の元にな

り得る。以下、各モードについて簡単にまとめておく。

cos � = 1�
M2

⇡0

2E1E2

1

10

2
10

Z Vertex

10001500200025003000350040004500500055006000

t
P

0

50

100

150

200

250

300

350

400

pi0nunu/pi0nunu/pi0nunuann08_100.rootpi0nunu/pi0nunu/pi0nunuann08_100.root

1

10

2
10

Z Vertex

10001500200025003000350040004500500055006000

t
P

0

50

100

150

200

250

300

350

400

pi0nunu/pi0nunu/pi0nunuann00_100.rootpi0nunu/pi0nunu/pi0nunuann00_100.root

1

10

2
10

Z Vertex

10001500200025003000350040004500500055006000

t
P

0

50

100

150

200

250

300

350

400

pi0nunu/pi0nunu/pi0nunuann05_100.rootpi0nunu/pi0nunu/pi0nunuann05_100.root

1

10

2
10

Z Vertex

10001500200025003000350040004500500055006000

t
P

0

50

100

150

200

250

300

350

400

pi0nunu/pi0nunu/pi0nunuann08_100.rootpi0nunu/pi0nunu/pi0nunuann08_100.root

-1
10

1

10

2
10

Z Vertex

10001500200025003000350040004500500055006000

t
P

0

50

100

150

200

250

300

350

400

pi0nunu/pi0nunu/pi0nunuann00_100.rootpi0nunu/pi0nunu/pi0nunuann00_100.root

-1
10

1

10

Z Vertex

10001500200025003000350040004500500055006000

t
P

0

50

100

150

200

250

300

350

400

pi0nunu/pi0nunu/pi0nunuann05_100.rootpi0nunu/pi0nunu/pi0nunuann05_100.root

[M
e
V
/c
]

[mm]

R
ec

on
st

ru
ct

ed
 P

t [
M

eV
/c

]

Reconstructed vertex [mm]
 1000                     3500                      6000

KL ! ⇥0��̄ signal box

!0

FB NCC MB CV
CsI calorimeter

CC03OEV

CC04 CC05 CC06 BHCV BHPV

LCVBCVHINEMOS

Saturday, April 20, 2013

10m

Vacuum chamber

KL

Decay region

"

"

!
!

 1

10

100

0.1

 50

100

150

200

250

300

350

450

A narrow KL beam is the key.OK T
ν

νs

d

KAON13 @ Univ. of Michigan Ann Arbor

Principle
• KL pencil beam 
• 2γ + nothing

• Calorimeter + Hermetic veto

• Signal reconstruction
• Assume 2 gammas come from π0

• Require large transverse momentum
• z vertex - Pt distribution

4

2.3 バックグラウンド 11

という関係が得られる。E1、E2 は入射 γ のエネルギーである。Eqs.(2.3-2.6)を用いると、π0 の
崩壊位置 Zvtx が求まる。
得られた Zvtx を使うと 2つの γ の運動量ベクトルを得ることができ、その和が π0 の運動量ベ
クトルになる。したがって π0 のビーム軸に垂直な運動量成分 Pt も求めることが出来る。この 2
つのパラメータ Zvtx と Pt をシグナルとバックグラウンドの識別に利用する。この部分について
は参考文献 [21]に詳しく記述されている。またこの 2つのパラメータ平面上でシグナルイベント
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Fig. 2.2 K0
L → π0νν からの π0 の再構成。
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EM calorimeter provides energies and incident positions of two 
photons 

With an assumption that π0 decays at beam center and π0 rest mass, 
we can obtain a distance between calorimeter and decaying vertex. 

Pair of neutrinos take away transverse momentum (PT) 
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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.
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Low pt events
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To suppress low P 
T
 events

● Beam pipe (5mm t) 

           SUS →  Aluminum

● Installed Beam Pipe Charged Veto

– Plastic scintillator 5-mm thick

– Wavelength shifting fiber readout

PMT

WLS fiber

Plastic scintillator

Beam pipe

CC05 CC06

1m

~1/60 reduction expected

CC05

Beam Pipe

CC05
BPCV

Beam pipe with lighter material 

Stainless Steel -> Aluminum 

Beam Pipe Charged Veto 

5mm-thick Plastic Scintillator 

Wavelength shifting fiber  readout



KLà π+π-π0 (Cont.)
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Low pt events
• KL-> π+π-π0

CC05 CC06

vacuum pipe

γ

γ
π+π-

CSI
CC04

2 gammas from pi0 hit the CsI calorimeter.
charged pions are interacted in vacuum pipe and can not be detected by 
the veto detectors.

12
14年3月7日金曜日 veto ONveto OFF
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0.05±0.0

Observed 
Estimated
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Further suppression
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Low pt events
• KL-> π+π-π0

CC05 CC06

vacuum pipe

γ

γ
π+π-

CSI
CC04

2 gammas from pi0 hit the CsI calorimeter.
charged pions are interacted in vacuum pipe and can not be detected by 
the veto detectors.

12
14年3月7日金曜日

To detect π+, π- before interaction by installation 
detector inside vacuum pipe.
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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



Factor of 50 additional reduction

20



R&D items
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Outgassing
Chamber Evacuation 

P(t) : Chamber pressure at time t 
P0 : Initial Pressure 
S : Pumping speed 
Q : Rate of outgassing 
V : Volume of chamber

22
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Measurement on outgassing rate 
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Outgassing rate of plastic scin. 

Q = 1.0X10-6 Pa・m3／s for 2X10-5m2



DCV contribution 
Total surface of DCV : 2X10-3 m2 

 90.1 times larger than test sample 

Pumping speed of TMP : (800 m3/s)X4 

Outgassing rate :1.0X10-6 Pa・m3／s 

Total outgassing rate:9.0X10-5 Pa・m3／s 

Reaching Pressure P = 2.8 X 10-8 Pa 

We need large safety factor by considering 
conductance of detector system

25



Vertical Read-out
Very limited space 

26

Beam pipe

DCV

X-Y plane

Y-Z plane 
(90 degree rotated) DCV (t=5)

Light guideWLS fiber

MPPC



WLS embedded Scintillator
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1480

176

WLS fiber MPPC



MPPC

Light Yield : Vertical V.S. Horizontal

28

light guide

MPPC

fiber holder

Vertical Horizontal

Meas. 1 Meas. 2red: vertical 
black:horizontal

Finalize this results! 
Measurement with scintillator in terms of photoelectron



R&D for light guide

Simple transparent light guide  
Matter of material selection  
                  refection sheet

Variation of light guide  
  To change shape of light guide for    
  better light collection

No light guide 
  Insert fiber into reflecting box

Variation of reflecting box 
  Insert a reflecting cone in the box



Bending Loss How to determine R ?



Bending Loss How to determine R ?



Consistency Check

PMT

LED source

Scin. with groove

ADC (ch)
No

. o
f 

ev
en

ts

pedestal

R=15 
(0.44)

R=20 
(0.86)

R>25 
(1)



For better measurement

75.0

75.0

55.0

2XØ4

R=１5から50まで5mmステップで、溝の深さと幅は1.7mm

R=15

R=50

10.0

150.0

150.0

120.0

2XØ6.5

R=5から50まで5mmステップで、溝の深さと幅は1.7mm

R=50

15.0

R=5



Pitch dependency ?

3 different pitches of groove 
  10mm 6.6mm, 5mm 
2 different WLS fiber 

- Best light yield ! 



First trial

90.0

可能な長さ

12.0

2.0

3.05.6

R25

12X12　(深さ３の溝:両断）

10.05.0

4XM3 (深さ：３）

40.0

Will be delivered by the end of this month 
Overall configuration will be tested



Schedule
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4 5 6 7 8 9 10 11 12 1

Installation 

Performance test

Fabrication

Purchase 

R&D 

Design 
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Things to do
Decision on pitch of groove 

Selection of Reflector 

Design of fiber attachment (lightguide) 

Establishing gluing process 

Read-out circuit  

Feed-through

38



Decision on pitch of groove

Select one of the 6 different configuration. 

Best light yield. 

Position dependency 

Kye is the measurement on  number of 
photo-electorns 

- By the end of this week ?  

Repeat same measurement with EJ-200 

- By the end of this month
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Selection of Reflector 
Large light yield  

As light as possible (~tens of micron ?) 

Operation inside vacuum  

No falling down into the beam line 

Alumilized myler   

1st week on October (including wrapping method)

40



Design of fiber attachment (lightguide)

Design & prototype making - by the end of  Sep. 

Test & selection by the middle of Oct. 

Gluing process will be related.
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Read-out circuit & Feed-through
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Study at KEK 

1st prototype by middle of Oct. 

Final design by the end of Oct. 

Production by the end of Nov.



Order Scintillator
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DCV1 DCV2CsI 

Not final design : just order scintillator only (no groove) 

 DCV1 has a possibility to extend upstream 

How about order 8 sheets of 5mmX180mmX1500mm ?



MPPC selection
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MPPC selection
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9 10 11 12

Scintillator delivery
Groove making

Gluing

Prototype I 
(Light Yield) Prototype II  

(Vacuum test)

pitch (p.e. meas.)

Bending loss

read-out

Light guide

Feed-though (signal cable, connector)

read-out (Fabrication)

Feed-though (Fabrication)

Prototype 0 
(gluing test)

MPPC selection MPPC delivery

Schedule

No contingency plan. Keep schedule

(p.e. meas.)
Reflector



Simple M.C.
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69 events 
(3.4X10-4)

Decay Mode



Vertex (for 107 KL)
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Energy Deposit (for 107 KL)
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100 MeV

100 MeV

DCV1

DCV2

20 Ch./MeV -> 2000 Ch./100MeV (12 bits)

104

104


