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Kaon’s Past Contributions

Cabibbo angle	



CP violation	



ε’/ε ≠ 0 → Killed Superweak, together with 
B factory results,
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To search for New Physics

Look for deviation from Standard Model	
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Standard Model process should be	



suppressed	



well-known 
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Hors d’Oeuvre New Physics Reach of Flavour Physics

A Glimpse at the Zeptouniverse

recent analysis of tree level flavour changing Z0: Buras et al. (2014)

K ! ⇡⌫⌫̄ decays sensitive to
scales up to 2000TeV if left- and
right-handed FV couplings are
present

(fine-tuned) cancellation of e↵ects
in K0 � K̄0 mixing required

new physics reach of B decays
lower by an order of magnitude
(⇠ 100TeV!)

‚ high precision in rare K and B decays is crucial!

6 M.Blanke Flavour Physics Beyond the Standard Model

http://www.lnf.infn.it/wg/vus/content/Krare.html
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Signal and Background

Signal: 	
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Background
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Veto

KL � �0��
γ

γ

KL → π0π0 4γ



J-PARC 

CsI calorimeter from KTeV	



Hermetic photon veto to suppress KL→π0π0	



Waveform digitization
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CsI Calorimeter 

CFRP cover against 
earthquake

Brought FNAL KTeV CsICharged Veto



from KEK E391a	



32 modules; 5m long

13Main Barrel 
Photon Veto
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Main Barrel 
+CsI Calorimeter

Dec. 6, 2012Y. Sugiyama



First Physics Run

Started on May 18, 2013	



After 100 hours, data taking was terminated 
due to a radiation accident
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Good Detector Understanding 16
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at KOTO

by Koji Shiomi	



12:15 on Thursday	



WG3, EI 9 lecture hall
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Mauro Raggi, on behalf of the NA48/2 and NA62 
collaborations 

BEACH2014 – University of Birmingham, UK 21st-26th July 2014 

QCD tests with Kaons 

K+ ! ⇡+⌫⌫

CERN



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

CERN NA62 

Decay in flight	
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Missing mass	



Good tracking	



Particle ID	



Photon Veto to 
suppress
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K+ π+
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CERN NA62
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Target 

4.5 1012  K+ decays/ year in fiducial region 

Decay Region 65m 

GTK 

RICH LKr MUV 

CEDAR 

Straw 
Tracker 

750 MHz primary 
Hadron beam at 75GeV/c 

ϲй�ĂƌĞ�<ĂŽŶƐ 

50 MHz 
K+ rate 

7-10 MHz of Muon Rate 
in the Detectors 

05/01/2013 - FH 8 KAON 2013 

Four Principles of NA62 
(1) High Intensity and fast Timing 

ʍT < 100 ps  ʍT < 150 ps  ʍT < 100 ps  

750 MHz 
rate 

F. Hahn@Kaon13



CERN NA62 trackers 

For K+	



 300µm pixels	


Δθ ~ 0.016mrad	


Δt ~ 200ps	



For π+ 	


straw tracker	


Δx~140µm

21

Target 

4.5 1012  K+ decays/ year in fiducial region 

Decay Region 65m 

GTK 

RICH LKr MUV 

CEDAR 

Straw 
Tracker 

750 MHz primary 
Hadron beam at 75GeV/c 

ϲй�ĂƌĞ�<ĂŽŶƐ 

50 MHz 
K+ rate 

7-10 MHz of Muon Rate 
in the Detectors 

05/01/2013 - FH 8 KAON 2013 

Four Principles of NA62 
(1) High Intensity and fast Timing 

ʍT < 100 ps  ʍT < 150 ps  ʍT < 100 ps  

750 MHz 
rate 

3 stations of Si pixel detectors  

– Pixel size:  

• 300 x 300 ʅm2 or 300 x 400 ʅm2 

• 18’000 pixels/ station  

• 54’000 pixels grand total 

– Thickness: 

• < 500 ʅm  = 200(sensor) + 

100(readoutͿ�н�;уͿ�ϭϱϬ�Cooling  

• Ϭ͘ϱй�ŽĨ�y
0 

(per Station) 

– �ĐƚŝǀĞ�ĂƌĞĂ�у�ϲϬ�;yͿ�Ύ�Ϯϳ�;zͿ�ŵŵ2 

– Divided in 10 read-out chips  

 

 

 

Meaures precisely  Kaon 

– Time (ʍt у�ϮϬϬƉƐ�ƉĞƌ�ƐƚĂƚŝŽŶͿ 
– Direction (ʍ 

dx,dy
 у�Ϭ͘ϬϭϲŵƌĂĚͿ 

– Momentum (ȴWͬW�ф�Ϭ͘ϰйͿ 
 

Mounted inside beam pipe around 4 

achromat magnets 

05/01/2013 - FH 10 

Beam Conditions: 

– Overall Rate 750MHz 
– In beam centre 140kHz/pixel 

Overview 

KAON 2013 

GigaTracKer (GTK) 
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F. Hahn@Kaon13



CERN NA62 PID 

For K+	



!

For π+ 
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Target 

4.5 1012  K+ decays/ year in fiducial region 

Decay Region 65m 

GTK 
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Tracker 
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Four Principles of NA62 
(1) High Intensity and fast Timing 

ʍT < 100 ps  ʍT < 150 ps  ʍT < 100 ps  

750 MHz 
rate 

  2.2   CEDAR 
  

49 
 

 

  
Figure 17 Schematic layout of the Standard West-Area CEDAR. 

 
Two versions of the CEDAR counter have been built for use at the SPS (1). The North CEDAR, filled 

with Helium gas, is optimized for high energies and the West CEDAR, Nitrogen filled, for lower beam 

momenta. The difference is related to the Cerenkov angle, determined by the beam momentum and 

the refractive index of the gas, and the optical correction, which relates to the dispersion of the gas 

used. It has been verified by a ray tracing program that the West version of this instrument would 

function well for our application using Hydrogen at room temperature instead of Nitrogen, thus 
reducing significantly the scattering of the beam in the gas. The optical design minimises the 

dispersion of Cerenkov light and enables   the aperture of the diaphragm to be reduced. Thus, 

photons produced by charged kaons pass through while light from pions and protons is blocked.  

During 2006, a test run was performed on one of the CEDAR-West Cerenkov counters (filled with N2) 
and validated its ability to distinguish kaons from pions and protons in the NA62 experiment, as well 

as the light spot shape predicted by a simulation program.  It was also found from the simulation 

that the upstream 1.2 metre section of beam pipe containing hydrogen contributes only marginally 

to the efficiency and can thus be replaced by an extension of the beam vacuum pipe. In addition to a 

small reduction in multiple Coulomb scattering, such a modification is helpful in the redesign of the 

optical system necessary to handle the increased photon flux. The main parameters of the proposed 
Hydrogen-filled CEDAR-W counter are listed in Table 10. 

 

The main effects that broaden the light spot at the diaphragm are: 

1. optical aberrations, limited to about 6 microns and therefore negligible; 
2. chromatic dispersion, largely corrected for by the chromatic corrector; 

3. multiple scattering of the beam during its traversal of the gas, minimised by the choice of 

Hydrogen gas; 

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 

05/01/2013 - FH KAON 2013 25 

RICH Detector 
Winston Cones and  quartz windows 

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 F. Hahn@Kaon13



CERN NA62 photon veto 

large angle photons	


leadglass from OPAL	



small angle photons	


NA48 LKr cal.
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Target 

4.5 1012  K+ decays/ year in fiducial region 

Decay Region 65m 

GTK 

RICH LKr MUV 

CEDAR 

Straw 
Tracker 
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Hadron beam at 75GeV/c 
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7-10 MHz of Muon Rate 
in the Detectors 
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Four Principles of NA62 
(1) High Intensity and fast Timing 

ʍT < 100 ps  ʍT < 150 ps  ʍT < 100 ps  

750 MHz 
rate 

05/01/2013 - FH 16 KAON 2013 

Large Angle Veto (LAV) 

3.4   The Photon Veto Detectors  
 

225 
 

3.4.4 The Liquid Krypton Calorimeter (LKR) 

3.4.4.1 Calorimeter Requirements 
 

As it has been explained in section 3.4.1, the Liquid Krypton Calorimeter is a key element for vetoing 
photons from K decays, with the requirement to have a photon detection inefficiency of better than 
10-5 for energies larger than 35 GeV. In addition the calorimeter is supposed to provide trigger signals 
based on energy deposition to contribute reducing the L0 trigger rate.  

 

Figure 206 The LKR calorimeter during the dismantling of the NA48 experiment. 

Another important requirement imposed to the readout is the capability of reading interesting events 
with a basic hardware zero suppression (or even without), leaving to offline algorithms the 
optimization of this job: for example, disentangling a photon shower from a nearby charged pion 
shower could be tricky if a unique hardware zero suppression algorithm is implemented. 

The performance of the calorimeter as used in NA48 has been checked to be good for NA62. Since the 
L0 rate is expected to be two order of magnitude larger, the old readout system will no longer be 
usable, as it was limited to 10 KHz (and many of its components are obsolete already). 

In addition, other subsystems (e.g. the calibration system logic and software) will need updating. The 
calorimeter is fully described in [62], and because of that, it will not be described in detail here. 



CERN NA62 Schedule 
and Sensitivity

45 SM events/year	



background <10 events
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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 

G. Ruggiero@Kaon13

Low intensity run 
from Oct. 2014
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at NA62

by Angela Romano	



12:35 on Thursday	



WG3 EI 9 lecture hall
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K+ ! ⇡+⌫⌫



NA62: Lepton number/flavor 
violating K+ decays
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10-12 10-910-1010-11 10-8

⇡+µ+e�

⇡+µ�e+

⇡�µ+e+

⇡�e+e+

⇡�µ+µ+

µ�⌫e+e+

Present 90% CL limitNA62 Sensitivity

Numbers from Ryan Page@IPA2014



NA62: Lepton Universality
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RK in the SM$

SUSY 2014 – Manchester – England (UK) 25/07/2014 9 

K+ 

e+ 

ν#

RK = (2.477 ± 0.001)x10-5 [V.Cirigliano, I.Rosell, Phys. Rev. Lett. 
99 (2007) 231801] 

A precise measurement of RK is a stringent test of the SM! 

The ratio of kaon leptonic modes is extremely 
well predicted in the SM 
•  Helicity suppression; 
•  Hadronic uncertainties cancel in RK 

ratio; 
•  Radiative correction are included in the 

RK definition and well computed in SM; 

RK beyond the SM$

SUSY 2014 – Manchester – England (UK) 25/07/2014 10 

In several SM extensions the presence 
of LFV terms enhance the decay rate 
with sizeable effect:  

In model with 2 Higgs doublets 
(e.g. 2HDM-II MSSM) and LFV 
sources, for large tanβ contribution 
at the level of % is expected (one 
loop level): 

[Masiero et al., PRD 74 (2006) 011701] 
[Masiero et al., JHEP 0811 (2008) 042] 
[Girrbach, Nierste, arXiv:1202.4906] 

RK beyond the SM$

SUSY 2014 – Manchester – England (UK) 25/07/2014 10 

In several SM extensions the presence 
of LFV terms enhance the decay rate 
with sizeable effect:  

In model with 2 Higgs doublets 
(e.g. 2HDM-II MSSM) and LFV 
sources, for large tanβ contribution 
at the level of % is expected (one 
loop level): 

[Masiero et al., PRD 74 (2006) 011701] 
[Masiero et al., JHEP 0811 (2008) 042] 
[Girrbach, Nierste, arXiv:1202.4906] 

M. Piccini@SUSY2014

Standard Model

SM Extensions

Word average$

SUSY 2014 – Manchester – England (UK) 25/07/2014 14 

RK= (2.488±0.009)x10-5 

Precision of 0.4%. In agreement with SM expectation within 1.2 σ$

[our own average] 

NA62: Statistical error at the 1‰ level     
            achievable 

RK =
�(K+ ! e+⌫)

�(K+ ! µ+⌫)

= (2.488± 0.010)⇥ 10�5

PLB 719, 326 (2013)



J-PARC	


TREK-E36

Lepton Universality	



!

!

Run from spring 2015	



Expect 0.20% stat error,  
0.15% syst. error

28

RK =
�(K+ ! e+⌫)

�(K+ ! µ+⌫)



KLOE, KLOE-2

x3 Luminosity with crab-waist 
collision	



Detector upgrades for higher 
acceptance and better vertex 
resolution	



5/fb in the next 2-3 years
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Recent KLOE results

on Kaon Physics

Aleksander Gajos

Jagiellonian University

for the KLOE and KLOE-2 Collaborations

12th International Conference on Heavy Quarks and Leptons

27 August 2014

Recent KLOE results

on Kaon Physics

Aleksander Gajos

Jagiellonian University

for the KLOE and KLOE-2 Collaborations

12th International Conference on Heavy Quarks and Leptons

27 August 2014

27.08.2014 Recent KLOE results on Kaon Physics 4

The KLOE Detector

Large Drift Chamber
 gas: 90% He + 10% C

4
H
10

 R
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 = 25 cm,

R
outer 
= 2 m

 ?
xy
 @ 150 Am, ?

z
 @ 2 mm

 ?(p
T
)/p

T
 = 0.4%

K LOng Experiment
Electromangnetic Calorimeter

 lead and scintillating Pbers

 hermetic coverage (98% 4:)

Superconducting coil
 B = 0.52 T

 barrel with 

C-shaped endcaps

Loose trigger conditions 
allow for a broad physics 

program

R = 2 m

Spherical beam 

pipe around 

interaction point

Al-Be, R = 10 cm

e+e� ! � ! KSKL
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LHCb as KS factory	



B(KS→µµ) < 9 x 10-9 (90% CL) 
JHEP01(2013)090	



➔ O(10-10) w/ upgrade	



Considering KS→ eeµµ, eeee, π0µµ, 
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Figure 3. Background model fitted to the data separated along (left) TIS and (right) TOS trigger
categories. The vertical lines delimit the search window.

4 Background

The search region is defined as the mass range [492, 504]MeV/c2. The background level is

calibrated by interpolating the observed yield from mass sidebands ([470, 492] and [504, 600]

MeV/c2) to the signal region. This is done by means of an unbinned maximum likelihood

fit in the sidebands, using a model with two components. The first component is a power

law that describes the tail of K0
S ! ⇡

+
⇡

� decays where both pions are misidentified as

muons; this model has been checked to be appropriate using MC simulation. The second

component is an exponential function describing the combinatorial background. As an

illustration, figure 3 shows the distribution of candidates for all BDT bins and for TIS

and TOS samples, respectively. The expected total background yield in the most sensitive

BDT bins of both samples ranges from 0 to 1 candidates.

Other sources of background, such as K

0
S ! ⇡

+
µ

�
⌫̄µ, K0

S ! µ

+
µ

�
�, K0

L ! µ

+
µ

�
�,

K

0
L ! ⇡

+
µ

�
⌫̄µ and K

0
L ! µ

+
µ

� decays, are negligible for the current analysis. In the case

of K0
L ! µ

+
µ

� and K

0
L ! µ

+
µ

�
�, the contributions have been evaluated using the ratio

of the K

0
S and K

0
L lifetimes and the proper time acceptance measured in data with the

K

0
S ! ⇡

+
⇡

� decays. The contributions of the other decay modes have been determined

using MC simulated events.

5 Normalisation

A normalisation is required to translate the number of K0
S ! µ

+
µ

� signal decays into a

branching fraction measurement. Two normalisations are determined independently for

TIS and TOS candidates. The B(K0
S ! µ

+
µ

�) is computed using

B(K0
S ! µ

+
µ

�)

B(K0
S ! ⇡

+
⇡

�)
=

✏⇡⇡

✏µµ

NK0
S!µ+µ�

NK0
S!⇡+⇡�

, (5.1)

where, in a given BDT bin, NK0
S!µ+µ� is the observed number of signal decays, NK0

S!⇡+⇡�

the number of K0
S ! ⇡

+
⇡

� decays, and ✏⇡⇡/✏µµ the ratio of the corresponding e�ciencies.

The e�ciencies are factorised as ✏ = ✏

SEL
✏

PID
✏

TRIG/SEL where:

– 7 –

LHCb

In a Nutshell
LHCb is an LHC experiment designed for heavy quark flavour physics.
The detector is a single-arm forward spectrometer, covering 2 < ÷ < 5.
Tracking system consists of Vertex Locator (VELO), followed by one tracking station
upstream and three stations downstream of 4 Tm dipole magnet.
Particle identification provided by two RICH detectors, calorimeters and muon system.

2 / 20

C. M. Benito@HQL2014

Recent results and prospects of rare kaon decay
measurements at LHCb

Carla Marin Benito
on behalf of the LHCb collaboration

XIIth International Conference on Heavy Quarks
and Leptons

Schloss Waldthausen, Mainz, Germany, 25-29 August 2014
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Hors d’Oeuvre New Physics Reach of Flavour Physics

A Glimpse at the Zeptouniverse

recent analysis of tree level flavour changing Z0: Buras et al. (2014)

K ! ⇡⌫⌫̄ decays sensitive to
scales up to 2000TeV if left- and
right-handed FV couplings are
present

(fine-tuned) cancellation of e↵ects
in K0 � K̄0 mixing required

new physics reach of B decays
lower by an order of magnitude
(⇠ 100TeV!)

‚ high precision in rare K and B decays is crucial!

6 M.Blanke Flavour Physics Beyond the Standard Model

http://www.lnf.infn.it/wg/vus/content/Krare.html
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Summary

Kaon experiments will explore physics beyond the 
standard model via	



K→πνν decay modes	



Lepton flavor violation, universality	



… 
towards the “zeptouniverse (>103 TeV)” (Blanke)	



Stay tuned!
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