
September 4-7, 2013 T. Nomura (KEK),  PIC 2013 - IHEP, Beijing 1

Kaon Physics

Tadashi Nomura
(KEK)



September 4-7, 2013 T. Nomura (KEK),  PIC 2013 - IHEP, Beijing 2

Role of  Kaon physics

Indirect search for physics beyond the Standard Model
Aiming to find deviations from SM
  with precise measurements (with high intensity) 
Possible to reach higher mass scale

Study of  flavor structure beyond SM
Part of  comprehensive approaches to understand BSM

not only through one flavor, but also via others...

COMMON context TO
FLAVOR PHYSICS programs in this era
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Topics in this talk

Rare decay: K→πνν
J-PARC KOTO ; KL  ; physics run
CERN NA62     ; K+ ; construction & tech. run
FNAL ORKA    ; K+ ; scientific approval, R&D

Lepton universality: RK ≡ Br(K+e3)/Br(K+µ3)

T-violation via K+→π0µ+ν 

I apologize not to cover other important matters... 

will be brief...
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Decays and experimental reaches
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• K+→µ+ν        63.6%
• K+→π+π0      20.7%
• K+→π+π+π-    5.6%
• K+→π0e+ν      5.1%
• K+→π0µ+ν      3.4%
• K+→π+π0π0    1.8%

• K+→e+ν      1.6×10-5

• K+→π+νν    7.8×10-11

• KL→π±e∓ν   40.6%
• KL→π±µ∓ν   27.0% 
• KL→π0π0π0  19.5%
• KL→π+π-π0  12.5%

• KL→π+π-     2.0×10-3

• KL→π0π0     0.9×10-3

• KL→π0νν     2.4×10-11

CPV［

<2.6×10-8 (KEK E391a)
⇒ a few events (J-PARC KOTO)

7 events (BNL E787/949) 
⇒ 100 (CERN NA62)

precise measurement ~105 events
(CERN NA62 2007-8)
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K→πνν decays
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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
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K→πνν in the Standard Model
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1140.0
37.0 10)06.043.2( −+

− ×±=SMBR
Intrinsic uncertainty 

1180.0
71.0 10)29.081.7( −+

− ×±=SMBR

Hadronic parts (κL, κ+) are obtained from 
precisely measured Br(K+→π0e+ν)

Exp: KEK E391a

Exp: BNL E787/949
BR = (1.73−1.05

+1.15 )×10−10

BR < 2.6 ×10−8
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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



http://www.lnf.infn.it/wg/vus/content/Krare.html
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K→πνν Experiments
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How to identify K→πνν signal
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Initial state Decay Final state Kinematics

KL→π0νν KL (not 
detected) in flight

2γ (from π0)
and

nothing else Missing 
momentum
taken by 2ν

K+→π+νν K+

stopped π+

and
nothing else

Missing 
momentum
taken by 2ν

K+→π+νν K+

in flight

π+

and
nothing else

Missing 
momentum
taken by 2ν
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KLàπ0νν measurement:
J-PARC KOTO  

Genealogy: KEK E391a (record holder)→KOTO
                    FNAL KTeV EM calorimeter ↗

Goal: ~3 SM events / 3 years
	
          with S/N ratio ~ 2
 (*** assuming design beam power ~270kW)

KOTO stands for “K0 at Tokai”. J-PARC is in Tokai Village.
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KOTO

Principle of  experiment

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

Principle
• KL pencil beam
• 2γ + nothing

• Calorimeter + Hermetic veto
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KOTO

Principle of  experiment

Signal 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。
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KOTO

Key upgrades from KEK E391a

CsI crystals for calorimeter came from FNAL-KTeV
• Longer (30➛50cm), finer granularity (7x7➛2.5x2.5cm2)

  ⇒ Better energy and position resolutions

Improvement of  detectors close to the beam
• “Collar” counters with CsI crystal
• Charged-particle veto detector with thinner scintillator

  ⇒ Suppress backgrounds from “halo neutron” interactions

Record waveforms of  all detectors
• 125MHz 14bit ADC (500MHz, 12bit for detectors in the beam)

  ⇒ Accommodate with double pulses in high rate

16
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OK T
�

�s

d

KAON13 @ Univ. of Michigan Ann Arbor

Detector construction

• To reduce the interaction between the beam particles and the residual gas, 
the evacuation started from 2013-Jan-4.
• The current vacuum level of the decay region is 7x10-5Pa.

6

OK T
�

�s

d

KAON13 @ Univ. of Michigan Ann Arbor

Principle
• KL pencil beam
• 2γ + nothing

• Calorimeter + Hermetic veto

3

FB NCC MB CV
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T. Shimogawa et al., 
NIMA 623, (2010) 585

KOTO

Detector in the vacuum tank
~10-5 Pa for decay region
~0.1 Pa for detector region
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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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Results from 2013 January 
 engineering run 

• KL->30 reconstruction 
– Good statistics  20% 
– studying CsI performance, 

reconstruction method and MC.  

 

19 

• KL->20 reconstruction 
– Main background  
– Good tool for studying veto performance 

 

2013 Jan. data 

Reconstructed 30 mass (w/o veto info.) 
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KOTO

1st physics run (May-June 2013)
Original goal was
   to reach the Grossman-Nir limit (~10-9) by running for a month.
BUT..., a radiation accident on May 23rd at J-PARC hadron hall
   terminated the run. (~1/5 of  expected statistics) 

We expect even this amount will improve the KEK-E391a limit. 

8.0$x$1018$P.O.T$$
(original$goal)�

May.19� May.26� Jun.2� Jun.9� Jun.16� Jun.23�

x 
10

16
 a

cc
um

ul
at

ed
 P

.O
.T
�

accident�

ori
gin
al$$
exp

ect
a8
on
�

1.6$x$1018$P.O.T$(actual)�

Now, analysis ongoing

Slow extraction beam power was 24kW. 
(~1/10 of  design value)
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KOTO

Prospect

Dec 2012 - : Engineering runs with full detector
May 2013   : Physics run started!   ... until the accident

2014 or early 2015? : Cross the G-N limit 

KOTO goal (~SM sensitivity) in 3-4 years run
depending on the accelerator schedule and SX power

21

Will upgrade the barrel veto detector

J-PARC is now discussing plans for safety measures.
   Restart plan will be discussed later.
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K+àπ+νν measurement:
CERN NA62

 
•Decay in flight technique
•Aims to detect ~100 events
        (45 events/year with <10 backgrounds) Ferdinand HAHN 

05/01/2013 - FH KAON 2013 1 

The NA62 Experiment at CERN: 
Status of the Construction 

 

Ferdinand Hahn 

NA62 aims to measure precisely BR(K� ѧ S�Q�Q) 
exploiting a novel in-flight technique 

Genealogy: CERN NA31→NA48→NA62
Neutral K (ε’/ε, rare decays)→K+ rare decays
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NA62 detector

Particle ID

23

For π+For K+

05/01/2013 - FH KAON 2013 23 

Overview 

KTAG (CEDAR) 

• The KTAG is a CERN CEDAR West 
with: 
• extended external optics  
• new photo-detectors 
• new readout 

• Up to 512 PMT’s 

05/01/2013 - FH 24 KAON 2013 

RICH Detector 

Beam Pipe 

Filled with Neon Gas 
at 1 atm. 

Mirror mosaic 
Flanges with 

2 x 1000 PMts 

 Length > 17 m; Ø = up to 4m 

K+ in, π+ out, nothing else, missing P

05/01/2013 - FH 22 KAON 2013 

Four Principles of NA62 
(4) Particle ID 

Target 

Decay Region 65m 

GTK 

RICH LKr MUV 

KTAG 

Straw 
Tracker 

50 MHz 
K+ rate 

750 MHz 
rate 

Kaon Tagging in 
primary beam 

ʋ/ʅ separation in 
RICH 

75 GeV/c K+ beam

F. Hahn, Kaon 2013



05/01/2013 - FH 15 KAON 2013 

Four Principles of NA62 
(3) Hermetic vetoing for photons (<50mrad) and muons 

Target 

Decay Region 65m 

GTK 

RICH LKr MUV 

CEDAR 

Straw 
Tracker 

50 mrad 

8.5 mrad 

• Inefficiency  ĨŽƌ�ƌĞũĞĐƚŝŽŶ�ŽĨ�ƚŚĞ�ʋ 0 must be at the level of 10-8 

• Photon detection inefficiencies between 10-4 and 10-5 

 

Large Angle Veto: 8.5 -50mrad 
LKR: 1 – 8.5 mrad 
^ŵĂůů��ŶŐůĞ�sĞƚŽ�ч�ϭŵƌĂĚ 

Photon Veto’s Fast Muon 
 Veto’s 
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NA62 detector

Hermetic vetoes

24

05/01/2013 - FH 16 KAON 2013 

Large Angle Veto (LAV) 

Liquid Krypton Calorimeter 

Frontplate 

Read out cells: 

05/01/2013 - FH KAON 2013 17 

13’248 Channels 

K+ in, π+ out, nothing else, missing P

Photo vetoes

Large-angle veto covers
  8.5 - 50 mrad
Liq. Kr calorimeter covers
    1 - 8.5 mrad
Small-angle veto covers
    < 1 mrad

Large-angle veto
(LG from OPAL) 

Liquid Kr calorimeter
(was NA48 EM CAL)

F. Hahn, Kaon 2013
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NA62 detector

Low mass trackers

25

Target 

Decay Region 65m 

GTK 

RICH LKr MUV 

CEDAR 

Straw Tracker inside vacuum 

05/01/2013 - FH 9 KAON 2013 

Four Principles of NA62 
(2) Low mass tracking  

Very Thin Si Pixel 
detectors 

z Straws: 2.1m long and ̴i =9.8mm;  
z Straw Material:  

z 50 nm Cu + 20 nm Au on 36 Pm of Mylar 

z Total 7168 Straws (4x4x4x112) 

z Gas:  Ar/CO2 (70/30) 
z DĂƚĞƌŝĂů��ƵĚŐĞƚ�ŽĨ�ƚŚĞ�^ƉĞĐƚƌŽŵĞƚĞƌ͗�ϭ͘ϴй�ŽĨ�y0 

 

05/01/2013 - FH KAON 2013 13 

Straw Tracker 
Straws installed inside vacuum tank 

For π+

7168 Straw tubes

Δx~140µm

For K+

300µm pixels, <500µm thick

Δθ~0.016 mrad

Δt ~ 200ps

K+ in, π+ out, nothing else, missing P

F. Hahn, Kaon 2013
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CERN NA62

Signal and Background kinematics

Kinematic variable: m2miss=(PK-Pπ)2

26

Signal and Background

01/05/2013 Giuseppe Ruggiero - KAON 2013 7

Background
1) K+ decay modes      2) Accidental single track matched with a K-like track

Kaon Decays

Accidental single tracks
Beam interactions in the beam tracker
Beam interactions with the residual gas in the vacuum region.

Signal
Kinematic variable: 𝑚௠௜௦௦

ଶ = 𝑃௄ − 𝑃గశ ଶ

Avoid 
m2miss= 0 or mπ2 
to reject BG

K+ in, π+ out, nothing else, missing P

G. Ruggiero, Kaon 2013

Signal and Background

01/05/2013 Giuseppe Ruggiero - KAON 2013 7

Background
1) K+ decay modes      2) Accidental single track matched with a K-like track

Kaon Decays

Accidental single tracks
Beam interactions in the beam tracker
Beam interactions with the residual gas in the vacuum region.

Signal
Kinematic variable: 𝑚௠௜௦௦

ଶ = 𝑃௄ − 𝑃గశ ଶ

Two SIGNAL regions
K+→π+νν (×1010)

m2miss
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CERN NA62

Schedule

27

Dec. 2008 

NA62 
approved 

Detector Construction 
and Installation 

2018 - 2019 2015 2009 - 2012 2017 

05/01/2013 - FH 2 KAON 2013 

Oct/Nov. 
2012 

Technical 
Run 

2013 - 2014 

LHC 
LS1 

Oct. 2014 

1st Physics 
Test Run 

2016 

LHC 
LS2 Physics Physics Physics 

NA62 Timeline 

• 5 years of construction interleaved with a Technical Run in fall 2012 
• In 2014  a first Run with full detector 
• Plan 3 years of  Physics data taking before LHC Long Shutdown 2 (LS2) 

today 

Tech run 2012 demonstrated time resolution 
and efficiency of  (a part of) sub-detectors.

05/01/2013 - FH KAON 2013 4 
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K+àπ+νν measurement:
FNAL ORKA 

•Stopped K+ technique, using FNAL Main Injector
•Aims to collect ~1000 events

ORKA: TheORKA: TheGolden Kaon ExperimentGolden Kaon Experiment  
A. MazzacaneA. Mazzacane

FermilabFermilab

On behalf of ORKA Collaboration On behalf of ORKA Collaboration 

Genealogy: BNL E787→E949 (record holder)→FNAL ORKA
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FNAL ORKA

Detector - cutaway view

29

ORKA:&
a&4th&generation&detector&

ET
W
:"K
ao
n1

3,
"A
nn

"A
rb
or
,"M

I"

Expect"×100"sensiBvity"relaBve"to"BNL"experiment:"
×10"from"beam"and"×10"from"detector"

14"

M
ay
"1
,"2
01
3"

K+

π+

ORKA detector plans to 
sit inside CDF magnet 
(recycle infrastructure)

Hermetic photon vetoes surround 
the K-stopping target

DRIFT CHAMBER 
measures π+ momentum

RANGE STACK measures..
•π+ energy and range
•π→µ→e decay chain

⇒ π PID
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FNAL ORKA

Signal and Background kinematics

30

DifPicult&Measurement&
•  Observed"signal"is"K+→"
π+→μ+→e+"
•  Background"exceeds"
signal"by">"1010"
•  Requires"suppression"
of"background"well"
below"expected"signal"
(S/N"~10)"
•  Requires"π/μ/e"parBcle"
ID">"106"
•  Requires"π0"
inefficiency"<"10a6"

ET
W
:"K
ao
n1

3,
"A
nn

"A
rb
or
,"M

I"

Momentum"spectra"of"charged"parBcles"
from"K+"decays"in"the"rest"frame""

μ+ν"BR"
64%"

π+π0"BR"
21%"

I&II&

12"

M
ay
"1
,"2
01
3"

SIGNAL
region

Momentum of charged track (MeV/c)

Avoid peaks of  
K+→π+π0 (Br=21%)

and 
K+→µ+ν (Br=64%)

Established technique 
used in BNL E787/949
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FNAL ORKA

Sensitivity, status, ...

210 SM events/year with FNAL Main Injector
Improvements from BNL E949

• K beam: ×10 (improvement of  secondary beam line)
• Acceptance: ×11 (PID, DAQ, ...)

5% measurement in 5 years
• statistic + systematic (uncertainty of  backgrounds) 

Detector R&D ongoing

If  FNAL Project X is realized, it speeds up ORKA 
31
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Other topics

32
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Lepton universality in K+→e+ν/K+→µ+ν

SM well calculate RK

New physics may contribute
ex., model with 2 Higgs doublets

33

RK
SM ≡ Γ(K + → e+ν )

Γ(K + → µ+ν )
= me

2

mµ
2
mK
2 −me

2

mK
2 −mµ

2

⎛

⎝⎜
⎞

⎠⎟
1+δ rad .corr .( )

RK=(2.477±0.001)×10-5

Lepton universality in Kl2 and Sl2 decays   . 

Standard Model:
z By forming ratio of the *(Ke2) to the *(KP2), 

hadronic form factors are cancelled out and 
the RK

SM is highly precise. 
z Strong helicity suppression of the electronic 

channel enhances sensitivity to effects 
beyond the SM. 

Uncertainty is  'RK/RK ~ 0.05%

Helicity suppression 
due to V�A structure

Radiative correction 
due to the Internal 
bremss. part of the
KÆlQJ process

RK
SM= (  2.477�0.001)x 10�5

RS
SM= (12.352�0.001)x 10�5

K+

s

u

W

-

e+

νe

,µ+

,νµ

PL99(2007)231801

RK
NP = RK

SM 1+ m4
K

m
H ±
4 ⋅mτ

2

me
2 ⋅ Δ13 ⋅ tan

6 β
⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥

Kl2 decays beyond the SM
Contribution from MSSM

A charged Higgs-mediated SUSY LFV contribution, can 
be strongly enhanced by emitting a W neutrino. 

Using 
'13=5x10�4, tanE=40, MH=500GeV/c2

RK
LFV=RK

SM(1�0.013)

Important!

Analogous SUSY effect in 
S decay is suppressed by 
a factor (mS/MK)4.

PRD74(2005)11701
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s
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Lepton Universality in K+→e+ν/K+→µ+ν

CERN NA62 result
CERN NA62 result
  based on data taken in 2007-8

Collected 1.5×105 K+→e+ν
RK=(2.488±0.010)×10-5 
         ⇐0.4% measurement
Consistent with SM

J-PARC TREK/E36 plans to do 
ΔRK/RK~0.25% measurement

• Scientific approval, R&D

34

NA62 Collaboration / Physics Letters B 719 (2013) 326–336 333

Fig. 4. (Colour online.) Distributions of reconstructed squared missing masses (a) M2
miss(e) and (b) M2

miss(µ) of the K!2 candidates compared with the sums of normalised
estimated signal and background components. Beam halo contributions have been measured as discussed in Section 3.3.1; the other contributions have been estimated with
MC simulations involving the measured particle misidentification probabilities. The double peak structure of the Kµ2 background in the Ke2 sample originates from the
momentum dependence of the electron identification condition.

Table 1
Background contaminations in the K!2 samples integrated over lepton momentum. The uncertainties on the background in the Kµ2 samples are negligible.

Data sample K +(noPb) K +(Pb) K −(noPb) K −(Pb)

Ke2 candidates 59 813 63 282 10 530 12 333
Muon halo (1.11 ± 0.09)% (1.51 ± 0.10)% (4.61 ± 0.18)% (7.86 ± 0.23)%
Kµ2 (6.11 ± 0.22)% (5.33 ± 0.19)% (5.76 ± 0.20)% (4.87 ± 0.17)%
Kµ2 (µ → e decay) (0.26 ± 0.04)% (0.27 ± 0.04)% (0.31 ± 0.09)% (0.19 ± 0.07)%
K ± → e±νγ (SD+) (1.07 ± 0.05)% (4.01 ± 0.18)% (1.25 ± 0.06)% (3.95 ± 0.17)%
K ± → π0e±ν (0.05 ± 0.03)% (0.28 ± 0.14)% (0.09 ± 0.05)% (0.37 ± 0.17)%
K ± → π±π0 (0.05 ± 0.03)% (0.18 ± 0.09)% (0.06 ± 0.03)% (0.18 ± 0.09)%
Opposite sign K – (0.04 ± 0.01)% – (0.25 ± 0.03)%

Total background (8.65 ± 0.25)% (11.62 ± 0.33)% (12.08 ± 0.29)% (17.67 ± 0.39)%

Kµ2 candidates/106 18.027 18.433 3.069 3.288
Muon halo 0.39% 0.44% 0.77% 1.22%

The K ± → e±νγ (SD−) decay with negative photon helicity
peaking at E∗

e ≈ MK /4 is kinematically incompatible with Ke2, and
the corresponding background is negligible. Similarly, the back-
ground from interference terms between the IB and SD processes
is negligible.

3.3.4. Other backgrounds in the Ke2 sample
The K ± → π0e±ν and K ± → π±π0 decays produce a Ke2 sig-

nature in two cases: (a) all π0 decay products are undetected and,
for the latter decay mode, the π± is misidentified as e±; (b) the
only reconstructed particle is an electron (e±) from a Dalitz decay
π0

D → e+e−γ .
Due to the significant missing mass, these decays can only

be kinematically compatible with Ke2 if the kaon is in the high-
momentum tail of the beam distribution, or the detected kaon
decay daughter particle suffers large multiple scattering. The sys-
tematic uncertainties on these minor backgrounds are due to the
limited precision of the simulation of the non-Gaussian tails of
multiple scattering; they have been estimated as 50% of the con-
tributions themselves.

The estimation of the K ± → π±π0 background involves the
pion misidentification probability, which has been measured as a
function of momentum from samples of K ± → π±π0 and K 0

L →
π±e∓ν decays (the latter collected during a special run). In par-
ticular, at high lepton momentum where K ± → π±π0 contributes,
the selection criterion 0.95 < E/p < 1.1 leads to a misidentifica-
tion probability Pπe = (0.41 ± 0.02)%.

Data samples collected with simultaneous K + and K − beams,
namely the K −(Pb) sample and a part of the K +(Pb) sample, are
affected by backgrounds due to decays of opposite sign kaons, in
a way similar to the muon halo control samples described in Sec-
tion 3.3.1. Contributions from the K ± → π0!±ν and K ± → π±π0

decays with subsequent π0
D → γ e+e− decays have been identified

and subtracted using MC simulations.

3.3.5. Summary of backgrounds
The M2

miss(!) spectra of the selected K!2 candidates summed
over all data samples are presented in Fig. 4. The numbers of
the selected K!2 candidates and backgrounds in data samples in-
tegrated over the lepton momentum are summarised in Table 1.
The total Ke2 sample consists of 145 958 candidates with an es-
timated background of (10.95 ± 0.27)%. The dependences of the
backgrounds on the lepton momentum for the K +

!2(noPb) and
K −

!2(Pb) data samples, which have the lowest and the highest back-
ground contaminations, respectively, are displayed in Fig. 5. The
total Kµ2 sample collected with a pre-scaled trigger consists of
4.282 × 107 candidates with a background due to the beam halo
muons measured to be (0.50 ± 0.01)%.

3.4. Other systematic effects

A detailed discussion of the systematic effects not related to
background subtraction is available in [8]. The main points are
summarised below.

NA62, Phys. Lett. B716 (2013) 326
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T-odd polarization asymmetry in K+µ3

35

T-odd polarization asymmetry in K+µ3 decay

6

νµ

µ+

K +

π 0

PT

K+ decay in its rest frame

Most stringent upper bound set 
by KEK-E246 collaboration:

|PT| < 0.0050 at 90% C.L.

M. Abe et al., Phys. Rev. Lett. 83, 4253 (1999); M. Abe et al., Phys. Rev. Lett. 93, 131601 (2004); M. Abe et al., Phys. Rev. D 73, 072005 (2006)

Κ+ → π0µ+νµ

 
PT =


σ µ ⋅(

pπ ×
pµ )

pπ ×
pµ

study of direct CP violation, 
possibly due to non-standard 
mechanisms, with the help of 

T-odd correlation variables

 
PT =


σ µ ⋅(

pπ ×
pµ )

pπ ×
pµPT is sensitive to new physics

7

potential for physics beyond
the standard model

• Multi-Higgs, 
• SUSY with squarks mixing, 
• SUSY with R-parity breaking, 
• Leptoquark model

u

u

s̄

ū

W +(q) µ+

νµ

u

u

s̄

ū

H+(q) µ+

νµ

PT vanishes in the SM
at the tree-level

SM background

10-2 10-3 10-4 10-5 10-6 10-7|PT|

S.M.S.M.
incl. FSI

KEK-E246: 
|PT| < 5 ⨉ 10-3 at 90% C.L.

Projected J-PARC E06:
|PT| < 2 ⨉ 10-4 at 90% C.L.

u

u

s̄

ū

H + (q) µ+

νµ
Charged Higgs boson
contribution to K+μ3

G. López Castro, L. López-Lozano and A. Rosado, Phys. Rev. D 80, 096004 (2009)

SM: 
PT~10-7

with FSI: 
PT~10-5

PT is sensitive to new physics

7

potential for physics beyond
the standard model

• Multi-Higgs, 
• SUSY with squarks mixing, 
• SUSY with R-parity breaking, 
• Leptoquark model

u

u

s̄

ū

W +(q) µ+

νµ

u

u

s̄

ū

H+(q) µ+

νµ

PT vanishes in the SM
at the tree-level

SM background

10-2 10-3 10-4 10-5 10-6 10-7|PT|

S.M.S.M.
incl. FSI

KEK-E246: 
|PT| < 5 ⨉ 10-3 at 90% C.L.

Projected J-PARC E06:
|PT| < 2 ⨉ 10-4 at 90% C.L.

u

u

s̄

ū

H + (q) µ+

νµ
Charged Higgs boson
contribution to K+μ3

G. López Castro, L. López-Lozano and A. Rosado, Phys. Rev. D 80, 096004 (2009)

PT~10-4 indicates 
NP contribution

Current limit:
PT<5×10-3 (90%CL)
  by KEK E246 ⇒ J-PARC TREK aims to reach δPT~2×10-4
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J-PARC TREK(E06)/E36

Detector and status

36

Upgrade of  KEK E246
⇒ TREK aims to reach δPT~2×10-4

Genealogy: KEK E246 (record holder)→J-PARC TREK

(1) Stopped K+

(4) Measure CW/CCW asymmetry of  e+

 in azimuthally symmetrical detector

(3) µ+ to polarimeter
 through SC toroidal spectrometer

(2) Tag π0 and 
define direction (FWD/BWD)

Step1: E36
  RK measurement
Step2: TREK
  T-violation study
   (when 
      beam power
        gets higher)

Status: R&D
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Summary

Kaon physics is one of  the important approaches to BSM 
in the context of  flavor physics.
Active experimental efforts are ongoing. 

• J-PARC KOTO (KL→π0νν) performed 1st physics run.
• CERN NA62 (K+→π+νν) is in preparation.
• Experiments aiming further sensitivity (ORKA, ...) are under 

consideration.

KAON efforts proceed step by step
to take a role to explore

physics beyond SM.

Ferdinand HAHN 
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The NA62 Experiment at CERN: 
Status of the Construction 

 

Ferdinand Hahn 

NA62 aims to measure precisely BR(K� ѧ S�Q�Q) 
exploiting a novel in-flight technique ORKA: TheORKA: TheGolden Kaon ExperimentGolden Kaon Experiment  

A. MazzacaneA. Mazzacane

FermilabFermilab

On behalf of ORKA Collaboration On behalf of ORKA Collaboration 


