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Rare Kaon Decays: K→lν and K →πνν
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RK = Γ(K→eν/ K→µν)

� In the ratio RK =Γ(K→eν/ K→µν)  hadronic uncertainties cancel (no fK)
� The SM prediction is known with excellent accuracy (δRK/RK = 0.04% )
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correction due to the IB part of the radiative

K →eνγ process  included in RK (few %)
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[V. Cirigliano and I. Phys. Lett. 99 (2007) 231801]

� PDG average based on 3 experiments from 70’s 

� Significant improvements due to NA48/2 (’07)

and KLOE (’09) preliminary results :

RK
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RK beyond the SM

Variations of the order of 1% with respect to RK
SM may be present 

from breaking of µ-e universality in SUSY

∆13 = 5×10-4, tanβ = 40, MH = 500 GeV → RK
LVF ≅≅≅≅ RK

SM (1+ 0.013)
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K→πνν
Strong sensitivity to flavor structure of physics beyond the SM

� Smallness of the CKM suppression factor ( Vts*Vtd ~ λ5)
� High theoretical cleanness:

� Dominated by short-distance dynamics

� Hadronic matrix elements extracted by K+→π0e+ν
� In case of K+→π+νν small effects of long distance contributions due to charm 

[as reported by J. Brod, CKM08 ]

( ) ( ) ( ) ( ) 11010 1040.076.2   ,1007.085.0 −−++ ×±≈→×±≈→ ννπννπ LTHTH KBRKBR
for mc=(1286 ± 13) MeV

( ) 1015.1

05.1 1073.1 :'08] [E787/E949 −+
−

++ ×=→ ννπKBRExperimental status:
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K→πνν beyond the SM

[Mescia, CKM 2006]
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NA62 Experiment

A fixed target experiment at the CERN SPS

The SPS delivers protons of 400 GeV/c

momentum with fast or slow extraction

The SPS is here to stay as injector of the 

LHC (as it was for LEP)

NA48 NA62

Experience, Infrastructure and (some) 
detectors from NA48 to NA62
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NA62: RK Measurement

� 2007 and 2008 data taking:

160·103 Ke2 candidates collected

with ~ 10% background

� K+/K- beams:

pK = 75 GeV/c, δpK/pK=2%
~90%  K+ only, ~10%  K- only

The aim is a measurement of RK with an accuracy better than 0.4% 

Analysis Strategy
� Ke2 and Kµ2 collected simultaneously

� MC simulations used to a limited extent

� Analysis performed in bins of the 

reconstructed momentum

[CERN-SPSC-2006-033]

Running conditions optimized for the Ke2 measurement by exploiting the 

experience of the earlier NA48/2 Ke2 studies on 2003 and 2004 data
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RK: Detector

K±

Magnetic spectrometer:
σσσσp/p = (0.47 ⊕⊕⊕⊕ 0.02 p)% (p in GeV/c)

Hodoscope:

σσσσt~200ps

LKr electromagnetic calorimeter:

σσσσE/E = (3.2/√E ⊕⊕⊕⊕ 9.0/E ⊕⊕⊕⊕ 0.42)% (E in GeV)

σσσσx =σσσσy ~ 1.5mm for E=10 GeV
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RK: Event Selection

Geometry

� One reconstructed charged track 

� 15 < p < 65  [GeV/c]

� Good reconstructed vertex 

� Geometrical acceptance cut 

� Upper limit on LKr energy deposition 

not associated to the track



F. Bucci La Thuile, 1-7 March 2009 11

RK: Event Selection

Geometry

� One reconstructed charged track 

� 15 < p < 65  [GeV/c]

� Good reconstructed vertex 

� Geometrical acceptance cut 

� Upper limit on LKr energy deposition 

not associated to the track

Particle ID (ELKR/pspectr)

� e (0.95 < E/p < 1.10)

� µµµµ (E/p < 0.2)
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RK: Event Selection

Geometry

� One reconstructed charged track 

� 15 < p < 65  [GeV/c]

� Good reconstructed vertex 

� Geometrical acceptance cut 

� Upper limit on LKr energy deposition 

not associated to the track

Particle ID (ELKR/pspectr)

� e (0.95 < E/p < 1.10)

� µµµµ (E/p < 0.2)

Kinematics

� Missing mass: Mmiss
2(l)=(pK-pl)

2

� |Mmiss
2(l)| < 0.01 [GeV/c2]2

kinematically undistinguishable at high momenta

electron mass hypothesis
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RK: Background

Dominant background source in the Ke2 sample is due to Kµ2

� Bkg in Ke2 sample

Kµµµµ2 : 

� catastrophic energy loss in LKr

P (µ→e) ~ 3×10-6 →P (µ→e)/RK ~ 10%

� µ→ e decay before first DCH

� Need direct measurement of P (µ→e)

� To avoid electron contamination from 

muon decay (~10-4)  a lead wall 

covering 18% of the acceptance was 

installed between the HOD planes (45 mm Pb +20 mm Fe ≈ 8.9 X0)
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RK: Background

Dominant background source in the Ke2 sample is due to Kµ2

� Bkg in Ke2 sample
Kµµµµ2 : 

� catastrophic energy loss in LKr

P (µ→e) ~ 3×10-6 →P (µ→e)/RK ~ 10%
� µ→ e decay before first DCH

● Data

● MC, Pb wall

■ MC, no Pb wall

2007 muon sample

P
(µ
→
e
)

Track momentum (GeV/c)

Prospect:

� 2008 muon sample is twice 

as large as the 2007 one

� muons from Kµ2 decays in 

Ke2/Kµ2 separation region

B/S = (8.07±0.21)%
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RK: Background

� Bkg in Ke2 sample

Kµµµµ2 : 

� catastrophic energy loss in LKr

P (µ→e) ~ 3×10-6 →P (µ→e)/RK ~ 10%

� µ→ e decay before first DCH

K+ → e+ ν γ ν γ ν γ ν γ (SD)

Rate known with very poor precision

Theory: BR=(1.12-1.34)×10-5

Experiment: BR=(1.52±0.23)×10-5
Prospect:

Improve B/S estimated uncertainty

by direct measurement with NA62

2007 data

B/S = (1.29±0.32)%

B/S estimated by MC simulation
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RK: Background

� Bkg in Ke2 sample

Kµµµµ2 : 

� catastrophic energy loss in LKr

P (µ→e) ~ 3×10-6 →P (µ→e)/RK ~ 10%

� µ→ e decay before first DCH

K+ → e+ ν γ ν γ ν γ ν γ (SD)

Beam halo

� Bkg in Kµµµµ2 sample

Beam halo

Directly measured with K- only sample

Prospect:

2008 K- sample will improve precision

B/S = (1.23±0.07)%
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RK: Background

� Bkg in Ke2 sample

Kµµµµ2 : 

� catastrophic energy loss in LKr

P (µ→e) ~ 3×10-6 →P (µ→e)/RK ~ 10%

� µ→ e decay before first DCH

K+ → e+ ν γ ν γ ν γ ν γ (SD)

Beam halo

K+ → ππππ0 e+ νννν , K+ → ππππ+ ππππ0

� Bkg in Kµµµµ2 sample

Beam halo

K+ → ππππ+ ππππ0
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RK: Background Summary

Analyzed data sample: ~ 60·103 Ke2 candidates

Sum of 3 main contribution B/S = 10.59%

Missing invariant mass, Ke2 candidates

Ke2 background sources
in the signal region:

Kµ2                      (8.07±0.21)%

Ke2γ (SD)      (1.29±0.32)%

Beam halo   (1.23±0.07)%

K2π 0.11%

Ke3                                0.03%
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RK: Other Effects

� Electron ID efficiency fe
directly measured with a kinematic selection of

electrons from K±→π0e±ν and KL→π±eν (0.988-0.992)
� Muon ID efficiency fµµµµ

measured with a pure muon sample from a special 

muon run (0.996-0.998)

� Acceptance correction A(Kµµµµ2)/A(Ke2)
momentum dependent

Ke2 radiative (IB) corrections strongly affect the acceptance

(1.2-1.4)

� Trigger efficiency correction  εεεε(ELKr)
measured using control trigger samples < 0.1%
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RK: Analysis Summary and Prospects

Independent measurements 

in lepton momentum bins

Overall offset applied

~0.60%Total

0.10%Beam halo

0.32%Ke2γ (SD)

0.25%Kµ2

0.43%Statistical

Main uncertainties
(40% of the data sample)

By analyzing the whole data sample (~ 160·103 Ke2) statistical uncertainty  below 0.3%

Systematic uncertainties from Kµµµµ2 and beam halo background subtraction will be improved 

by using the special data sets collected in 2008

Uncertainty due to Ke2γ γ γ γ (SD) will be decreased by a direct measurement of this decay

Total uncertainty of 0.4% within reach
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NA62: K→πννMeasurement

Measure the K+→ππππ++++ ν νν νν νν ν decay with a 10% accuracy

� Observe ~ 100 signal events in 2 years 

� 10% signal acceptance

� 10:1 signal to background

� Precise Timing to associate the outgoing π+ to the correct incoming K+

� Kinematical Rejection of two- and three-body backgrounds

� Vetoes (γ and µ) 

� Particle Identification (K/π, π/µ) 

The experimental technique exploits:

Need 1013 Kaon decays
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Kinematics and Backgrounds

92% of total background 8% of total background
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Background Rejection

K+→µ+ν (Kµ2) K+→π+π0 (K2π)

BR: 63.4% ⇒⇒⇒⇒ ~ 10-12 rej factor
� kinematics: 10-5

� muon veto: 10-5

MUV+HAC

� PID: ~ 5×10-3
RICH

BR: 20.9% ⇒⇒⇒⇒ ~ 10-12 rej factor
� kinematics: 5×10-3

� photon veto: 10-5 

� Large angle veto

12 ANTIs (10<acceptance<50 mrad)
� Medium angle veto

NA48 LKr (1<acceptance<10 mrad)
� Small angle veto

IRC+SAC (acceptace < 1mrad)
with 10% acceptance,

S/B >10 if σ(m2
miss) ~ 10

-3 GeV2/c4:

� σ(pK)< 0.5% and σ(θK)< 25µrad → GIGATRACKER

� minimize MS  → STRAW CHAMBERS in vacuum
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Detector Layout

+π

Sensitivity is NOT limited by proton flux

+π

ν
decays K of MHz 11 +

ν

SPS primary p: 400 GeV/c
Unseparated beam:
� 75 GeV/c
� 800 MHz
� ππππ/K/p (~6% K+)
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Gigatracker

Three silicon pixel stations (60(X)×27(Y) mm2) placed along the beam line

Requirements

� Good space resolution not to spoil the

squared missing mass resolution 

� ~ 0.5 X0/station not to spoil the beam

� Excellent time resolution for K+/π+

association:  σσσσ(t) ~ 200ps/station

300××××300 µµµµm pixels

200 µµµµm Si sensor+100 µµµµm chip

Complex readout chip bump-bonded

on the sensor (0.13 µµµµm CMOS tech) 

Si sensor 

pixel matrix

R-O chip

mechanical support

Important R&D studies under-way:

• Sensor: FBK-IRST (Italy)

• Bump-bonding: VTT (Finland)

• Cooling

• Front-End
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Straw Chambers

� 4 chambers (u,v,x,y views/chamber)

� Each view made of four planes of straws (~500 straws)

Requirements

� Low X/X0 to minimize MS

� Good space resolution

� Veto for charged particle

Operate in vacuum, X/X0~0.1% per view

130 µµµµm per hit 

7.5 cm radius beam hole displaced in
the bending plane according to the 75
GeV/c beam path
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Straw Chambers

� 4 chambers (u,v,x,y views/chamber)

� Each view made of four planes of straws (~500 straws)

Requirements

� Low X/X0 to minimize MS

� Good space resolution

� Veto for charged particle

Operate in vacuum, X/X0~0.1% per view

130 µµµµm per hit 

7.5 cm radius beam hole displaced in
the bending plane according to the 75
GeV/c beam path

A full length (2.1m) 48-straw prototype
was tested inside the vacuum tube 
(end of 2007 run of NA62)

Residual
� µ: RMS=104µm, σ=45µm
� π: RMS=100µm, σ=43µm
� K: RMS=122µm, σ=45µmZ

Straw 1 Straw 6

October 3, 2007
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Straw Chambers

� 4 chambers (u,v,x,y views/chamber)

� Each view made of four planes of straws (~500 straws)

Requirements

� Low X/X0 to minimize MS

� Good space resolution

� Veto for charged particle

Operate in vacuum, X/X0~0.1% per view

130 µµµµm per hit 

7.5 cm radius beam hole displaced in
the bending plane according to the 75
GeV/c beam path

Same straw prototype as in 2007  
equipped with two types of FE 
was ready to take data in 
October 2008. Unfortunately the 
beam was stopped on October 6

Z

Straw 1 Straw 6

October 3, 2007
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RICH

Requirements

� Provide π/µ separation at 5×10-3 in 
the range 15<p<35 GeV/c

� Measure track time with 100 ps res

� Provide the main trigger for charged 
particle

18 m tube filled with Ne at 1atm

2 tilted mirrors (f=17m)

Beam pipe going through

2000 PMT in two spots

Single anode PMTs matrix on the
focal plane with compact hex pack
(18mm pixel size)
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RICH

Requirements

� Provide π/µ separation at 5×10-3 in 
the range 15<p<35 GeV/c

� Measure track time with 100 ps res

� Provide the main trigger for charged 
particle

18 m tube filled with Ne at 1atm

2 tilted mirrors (f=17m)

Beam pipe going through

2000 PMT in two spots

Single anode PMTs matrix on the
focal plane with compact hex pack
(18mm pixel size)

Full scale (longitudinal) RICH
built and tested with negative
beam from SPS@200GeV/c
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RICH

Requirements

� Provide π/µ separation at 5×10-3 in 
the range 15<p<35 GeV/c

� Measure track time with 100 ps res

� Provide the main trigger for charged 
particle

18 m tube filled with Ne at 1atm

2 tilted mirrors (f=17m)

Beam pipe going through

2000 PMT in two spots

Single anode PMTs matrix on the
focal plane with compact hex pack
(18mm pixel size)

Full scale (longitudinal) RICH
built and tested with negative
beam from SPS@200GeV/c
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RICH

Requirements

� Provide π/µ separation at 5×10-3 in 
the range 15<p<35 GeV/c

� Measure track time with 100 ps res

� Provide the main trigger for charged 
particle

18 m tube filled with Ne at 1atm

2 tilted mirrors (f=17m)

Beam pipe going through

2000 PMT in two spots

Single anode PMTs matrix on the
focal plane with compact hex pack
(18mm pixel size)

New Prototype

� PM endcap changed

� 414 PMTs (20% of final detector)

� Validate π-µ separation in 15<p<35 GeV/c

� Improve PM cooling

Test scheduled: Oct 19 – Nov 12, 2008
Postponed to 2009 (LHC incident)
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RICH

Requirements

� Provide π/µ separation at 5×10-3 in 
the range 15<p<35 GeV/c

� Measure track time with 100 ps res

� Provide the main trigger for charged 
particle

18 m tube filled with Ne at 1atm

2 tilted mirrors (f=17m)

Beam pipe going through

2000 PMT in two spots

Single anode PMTs matrix on the
focal plane with compact hex pack
(18mm pixel size)

Test scheduled: Oct 19 – Nov 12, 2008
Postponed to 2009 (LHC incident)
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Photon Vetoes

Requirements

10<acceptance<50 mrad

� 10-4 inefficiency for 0.05<Eγ<1GeV

� 10-5 inefficiency for Eγ>1GeV 12 LAV stations formed by 4 to 5

overlapping rings of OPAL lead-glasses 
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Photon Vetoes

Requirements

10<acceptance<50 mrad

� 10-4 inefficiency for 0.05<Eγ<1GeV

� 10-5 inefficiency for Eγ>1GeV 12 LAV stations formed by 4 to 5

overlapping rings of OPAL lead-glasses 

A 25 blocks prototype tested at BTF in 
Frascati with 471 MeV electron beam
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Photon Vetoes

Requirements

10<acceptance<50 mrad

� 10-4 inefficiency for 0.05<Eγ<1GeV

� 10-5 inefficiency for Eγ>1GeV 12 LAV stations formed by 4 to 5

overlapping rings of OPAL lead-glasses 

Cluster time Resolution

σTime = 560 ps
σE/E = 9.7%

Energy Resolution
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Photon Vetoes

Requirements

10<acceptance<50 mrad

� 10-4 inefficiency for 0.05<Eγ<1GeV

� 10-5 inefficiency for Eγ>1GeV 12 LAV stations formed by 4 to 5

overlapping rings of OPAL lead-glasses 

A 20 blocks LAV prototype tested at CERN

µµµµ and K from the 2nd to the 6th of  October ‘08
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Photon Vetoes

Requirements

10<acceptance<50 mrad

� 10-4 inefficiency for 0.05<Eγ<1GeV

� 10-5 inefficiency for Eγ>1GeV 12 LAV stations formed by 4 to 5

overlapping rings of OPAL lead-glasses 

Preliminary time resolution with kaons

σt = 1.02 ns
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Photon Vetoes

Requirements

10<acceptance<50 mrad

� 10-4 inefficiency for 0.05<Eγ<1GeV

� 10-5 inefficiency for Eγ>1GeV

1<acceptance<10 mrad

� 10-4 inefficiency for 1<Eγ<5GeV

� 10-5 inefficiency for Eγ>5GeV

NA48 calorimeter

10m3 of liquid Kr, ~13000 cells, 2××××2 cm2, 27X0
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Photon Vetoes

Requirements

10<acceptance<50 mrad

� 10-4 inefficiency for 0.05<Eγ<1GeV

� 10-5 inefficiency for Eγ>1GeV

1<acceptance<10 mrad

� 10-4 inefficiency for 1<Eγ<5GeV

� 10-5 inefficiency for Eγ>5GeV

acceptance<1 mrad

� 10-4 inefficiency (high energy photons)

Lead and scintillator planes+fibers

Prototype tested in October 2006

with 25 GeV SPS electron beam

using the NA48 setup
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Conclusions

NA62: RK measurement
� The analysis of a partial data sample (~40%) is well advanced 

and aims at a preliminary RK result with ~0.7% accuracy 

� The analysis demonstrates that the overall uncertainty of 0.4%, 
as declared in the proposal, is within reach

NA62: K→ππππ ν νν νν νν ν measurement
� The experiment has been approved by the CERN SPSC and 

Research Board

� The Collaboration is in the phase of completing the R&D and 
preparing the construction

� Construction is foreseen during the 2009-2011 period data 
taking should start in 2011-2012

A stringent test of SM is within reach
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Spares
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NA48/2 and KLOE Preliminary Results

� 2003 data

� (4670±77stat
+29

-8 syst) events

� Trigger efficiency is the biggest systematic effect

� 2004 data

� (3407±63stat±54syst) events

� The biggest systematic is the Kµ2 background subtraction

� KLOE

� ~8000 events [arXiv:0707.4623]

� Based on 1.7 fb-1

� Combining results

� Great improvement w. r. to PDG

( ) 510024.0043.0416.2 −⋅±±=KR

( ) 510041.0045.0455.2 −⋅±±=KR

( ) 510032.0457.2 −⋅±=KR

( ) 51005.005.055.2 −⋅±±=KR
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Radiative Corrections

� Radiative decays receive 2 types of contribution: inner 
bremsstrahlung (IB) and structure-dependent (SD)

� SD gives the dominant contribution to Ke2 decay rate

� All experiments measure inclusive Γ(Ke2(γ))/Γ(Kµ2(γ)) and 
subtract the dominant contribution

� There are more than one model for SD process, which lead to 
quite different Eγ spectra

� Effects on acceptance 
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Missing Mass Resolution
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Outlook

� K0
L→→→→ ππππ0 νννννννν

� State of the art: KEK E391a
� Prospects (short term) : J-PARC E14;
� Prospects (long term) : KLOD@U70, Project X (à la 

KOPIO), CERN 
� K++++→→→→ ππππ++++ νννννννν

� State of the art: BNL E787/E949
� An In flight experiment at Fermilab (CKM) was cancelled 
� Prospects:  in-flight CERN NA62
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Experimental Status: New measurement 

of the K+ → π+ νν branching ratio (BNL E949)


