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Outline:
1) Introduction to CERN kaon programme;
2) Lepton flavour universality test: K±→l±ν;
3) New measurement of the rare decay K±→π±γγ;
4) Towards a measurement of the ultra-rare K+→π+νν decay.

FPCP 2012
USTC, Hefei, China • 23 May 2012

Evgueni Goudzovski
(University of Birmingham)

eg@hep.ph.bham.ac.uk



2

BNL
E865,787,949

KEK/J-PARC
E391a,KOTO,TREK

IHEP
ISTRA+,OKA

CERN
NA48,NA62

LNF
KLOE,KLOE2

K physics in the new MillenniumK physics in the new Millennium

E. Goudzovski / FPCP 2012 / Hefei, 23 May 2012

Significant progress in many fields in the recent years:
• Direct CP violation (ε'/ε);
• Precision determination of |Vus|;
• Precision tests of the Chiral Perturbation Theory;
• Searches for Lepton Flavor Violation;
• Searches for New Physics in very ultra-rare decays.

A new generation of high statistics kaon experiments.
Variety of experimental techniques: decay-in-flight, φ factory, stopped K+.

This talk
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KTeV,ORKA
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CERN NA48/NA62 experimentsCERN NA48/NA62 experiments

SPS
NA48/NA62

Jura mountains

Geneva airport

France

Switzerland

LHC

NA48

NA62
(RK phase)

1997:  ε’/ε: KL+KS

1998:  KL+KS

1999: KL+KS KS HI

2000:  KL only KS HI

2001:  KL+KS KS HI

2002:  KS/hyperons

2003:  K+/K–

2004:  K+/K–

tests

NA62

2007:  K±
e2/K±

μ2

2007–2013:
design & construction
2012: first data taking

tests2008:  K±
e2/K±

μ2

NA48/1

NA48/2N

NA62: Birmingham, Bristol, CERN, Dubna, Fairfax, Ferrara, Florence, Frascati,
Glasgow, IHEP Protvino, INR Moscow, Liverpool, Louvain-la-Neuve,

Mainz, Merced, Naples, Perugia, Pisa, Rome I, Rome II, Saclay,
San Luis Potosí, SLAC, Sofia, TRIUMF, Turin

discovery
of direct

CPV

Earlier: NA31

E. Goudzovski / FPCP 2012 / Hefei, 23 May 2012
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CERN: decayCERN: decay--inin--flight techniqueflight technique

Principal subdetectors:
• Magnetic spectrometer (4 DCHs):

4 views/DCH: 4 views/DCH: redundancy redundancy ⇒⇒ efficiency;efficiency;
ΔΔp/p = 0.47% + 0.020%*p  [p/p = 0.47% + 0.020%*p  [GeV/cGeV/c] (in 2007)] (in 2007)

• Hodoscope
fast trigger, fast trigger, precise time measurement (150ps).precise time measurement (150ps).

• Liquid Krypton EM calorimeter (LKr)
High High granularitygranularity, , quasiquasi--homogeneoushomogeneous;;
σσEE/E = 3.2%//E = 3.2%/EE1/21/2 + 9%/E + 0.42% [+ 9%/E + 0.42% [GeVGeV];];
σσxx==σσyy=4.2mm/E=4.2mm/E1/21/2 + 0.6mm (1.5mm@10GeV).+ 0.6mm (1.5mm@10GeV).

Narrow momentum band K± beams:
PK= 60 (74) GeV/c, δPK/PK(RMS) ~ 1%.
• NA48/2: six months in 2003-04;
• NA62 (RK phase): four months in 2007.

2003–: experiments with charged kaon beams

Beam

Vacuum
beam pipe

E. Goudzovski / FPCP 2012 / Hefei, 23 May 2012
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Leptonic kaon decays
(K±→l±ν)

E. Goudzovski / FPCP 2012 / Hefei, 23 May 2012
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LeptonicLeptonic meson decays: meson decays: PP++→→ll++νν

π+→lν: |ΔΓ/ΓSM| ~ 2(mπ/mH)2 md/(mu+md) tan2β ~ 10–4

K+→lν: |ΔΓ/ΓSM| ~ 2(mK/mH)2 tan2β ~ 10–3

BaBar+Belle: Brexp(B→τν)=(1.64±0.34)×10–4

(HFAG, August 2010)

Standard Model: BrSM(B→τν)=(0.79±0.08)×10–4

(UTfit, M.Bona, EPS 2011)

,νe μν

μ+e+,s
H+

K

u

+

(Higgs)Models with 2 Higgs doublets (2HDM-II including SUSY):
sizeable charged Higgs (H±) exchange contributions.

Hou, PRD48 (1993) 2342;
Isidori, Paradisi, PLB639 (2006) 499

Angular momentum conservation SM contribution is suppressed 

… obstructed by hadronic uncertainties (fP)

W+

H± exchange in B+→τ+ν:

and H+ ?

(for P=π, K, B)

UTfit; PLB687 (2010) 61 

E. Goudzovski / FPCP 2012 / Hefei, 23 May 2012



7

Helicity suppression: f~10–5

Observable sensitive to Lepton Flavour Universality violation:

Radiative correction
(well known, few %)

• SM prediction: excellent sub-permille accuracy:
free of hadronic uncertainties.

• Measurements of RK (and Rπ) have long
been considered as tests of LFU.

• NP contributions accessible experimentally
due to the suppression of the SM value.

,νe μν

μ+e+,s
H+

K

u

+

(Higgs)

W+

and H+ ?

RK
SM = (2.477±0.001)×10–5

Cirigliano, Rosell,
PRL99 (2007) 231801

sν se

K+ eνe
+

RRKK=K=Ke2e2/K/Kμμ22 in the SMin the SM

E. Goudzovski / FPCP 2012 / Hefei, 23 May 2012

SM
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RRKK=K=Ke2e2/K/Kμμ22 beyond the SMbeyond the SM

2HDM – one-loop level
Dominant contribution to RK: H± mediated
LFV (rather than LFC) with emission of ντ

RK enhancement can be experimentally accessible

~1% effect in Minimal Supersymmetric SM
[Girrbach, Nierste, arXiv:1202.4906]

Limited by recent Bs→μ+μ– measurements
[Fonseca, Romão, Teixiera, arXiv:1205.1411]

Sensitive to SM extensions with 4th generation
[Lacker, Menzel, JHEP 1007 (2010) 006]

s

l
~

e+

ν~

Δ 13

B
~���

���
���
���

���
���
���
���

+
K

u ντ

H
+

(Slepton)

(Sneutrino)

(Bino)
(Higgs)

2HDM – tree level
Kl2 can proceed via exchange of
charged Higgs H± instead of W±

Does not affect the ratio RK

[Masiero, Paradisi, Petronzio,
PRD 74 (2006) 011701,
JHEP 0811 (2008) 042]

sensitive to slepton mixing

E. Goudzovski / FPCP 2012 / Hefei, 23 May 2012
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RadiativeRadiative KK±±→→ee±±νγνγ processprocess

IB (soft collinear photons)

SD
(=structure dependent)

RK is inclusive of IB radiation by definition.
SD: significant background. INT: negligible.

Photon energy: IB and DE

K+

e+

νe

γ

K+

e+

νe

γIB SD

SD–

Electron vs photon energy

E e
, G

eV

IB

Eγ, GeV

SD+

(background)

SD radiation is not helicity suppressed.
KLOE measurement of the form factor leads to
BR(SD+, full phase space) = (1.37±0.06)×10–5.

(EPJC64 (2009) 627)

pepν
pγ

sν se

sγ

SD+: positive γ helicity

pepν
pγ

sν se

sγ

SD–: negative γ helicity

B/(S+B) = (2.60±0.11)%
E. Goudzovski / FPCP 2012 / Hefei, 23 May 2012
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KKe2e2 vsvs KKμμ22 selectionselection

Log scale

…poor separation at high p

Electron mass hypothesis
PK=74GeV/c

Missing mass vs lepton momentum

Lepton identification

E/p = (LKr energy deposit/track momentum).
(0.90 to 0.95)<E/p<1.10 for electrons,
E/p<0.85 for muons.

Powerful μ± suppression in e± sample (~106)

Kμ2 (data)

Ke2
(data)

E. Goudzovski / FPCP 2012 / Hefei, 23 May 2012

Kinematic identification

missing mass

: average measured with K3π decays

Sufficient Ke2/Kμ2 separation at ptrack<30GeV/c
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KKμμ22 background in Kbackground in Ke2e2 samplesample
Main background source
Muon ‘catastrophic’ energy loss in LKr by
emission of energetic bremsstrahlung photons.
Pμe ~ 3×10–6 (and momentum-dependent).

Thickness:
Width:
Height:
Area:
Duration:

Pμe / RK ~ 10%:
Kμ2 decays represent a major background

Direct measurement of Pμe

Pb wall (9.2X0) in front of LKr: suppression of
~10–4 positron contamination due to μ→e decay.

Kμ2 candidates, track traversing Pb, p>30GeV/c,
E/p>0.95: positron contamination <10–8.

9.2X0 (Pb+Fe)
240cm (=HOD size)
18cm (=3 counters)
~20% of HOD area

~50% of RK runs

Lead (Pb) wall

Pμe is modified by the Pb wall:
ionization losses in Pb (low p);
bremsstrahlung in Pb (high p).

The correction fPb=Pμe/Pμe
Pb is evaluated

with a dedicated Geant4-based simulation

4 data samples with different
background conditions:

K+(Pb), K+(noPb),
K–(Pb), K–(noPb).

E. Goudzovski / FPCP 2012 / Hefei, 23 May 2012
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MuonMuon mismis--identificationidentification

Uncertainties:
limited control data sample (0.16%),
MC correction δfPb (0.12%),
M2

miss vs Ptrack correlation (0.08%).
Stability checks:
vs lower E/p cut, upper HOD energy deposit.

Result: B/(S+B) = (5.64±0.20)%

Correction for Pb: fPb=Pμe/Pμe
PbPμe vs momentum (Pb wall installed)

MC precision
δPμe/Pμe = 10%

MC precision
δfPb/fPb = 2%

Uncertainty is ~3 times smaller than
the one obtained solely from simulation

E. Goudzovski / FPCP 2012 / Hefei, 23 May 2012



13

Ke2 candidates

145,958 K±→e±ν candidates.
Background: B/(S+B)=(10.95±0.27)%.

Electron ID efficiency: (99.28±0.05)%.

KKe2e2 samplesample

cf. KLOE: 13.8K candidates,
~90% electron ID efficiency, 16% background

(0.12±0.06)%K2π(D)

(0.18±0.09)%Ke3(D)

(0.04±0.02)%Wrong sign K

B/(S+B)Source
(5.64±0.20)%Kμ2

Total
Muon halo

Ke2γ (SD+)
Kμ2 (μ→e)

(10.95±0.27)%
(2.11±0.09)%

(2.60±0.11)%
(0.26±0.03)%

Backgrounds

x5
x5

x50
x5

example: K+(noPb)

Log scale

E. Goudzovski / FPCP 2012 / Hefei, 23 May 2012
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KKμμ22 samplesample

42.817M candidates (pre-scaled trigger).
B/(S+B) = (0.50±0.01)%,

background dominated by beam halo.

Kμ2 candidates

Log scale

… in lepton momentum bins

x10

example: K+(noPb)

E. Goudzovski / FPCP 2012 / Hefei, 23 May 2012
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Fit over 40 measurements (4 data samples × 10 momentum bins)
including correlations: χ2/ndf=47/39.

0.001Electron identification

0.002Beam halo background

0.002K±→e±νγ (SD+)

0.0011TRK trigger efficiency

0.003Matter composition

0.003K±→π0e±ν, K±→π±π0

0.001DCH alignment

0.010
0.001

0.002

0.004
0.007
δRK×105

Acceptance correction

Uncertainty source

Total uncertainty
LKr readout efficiency 

Kμ2 background
Statistical

RK = (2.488 ± 0.007stat ± 0.007syst) × 10–5

RK = (2.488 ± 0.010) × 10–5

RRKK = (2.488 = (2.488 ±± 0.0070.007statstat ±± 0.0070.007systsyst) ) ×× 1010––55

RRKK = (2.488 = (2.488 ±± 0.010) 0.010) ×× 1010––55

The result (full NA62 data set)The result (full NA62 data set)

Partial (40%) data set: PLB 698 (2011) 105.
Full data set: paper to be submitted in summer 2012.

RK vs lepton momentum RK vs data sample

E. Goudzovski / FPCP 2012 / Hefei, 23 May 2012
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RRKK world averageworld average

2.488±0.009
2.447±0.109
δRK×105

0.4%July 2011

PrecisionWorld average
PDG 2008 4.5%

Other limits on 2HDM-II:
PRD 82 (2010) 073012.
SM with 4 generations:
JHEP 1007 (2010) 006.

b→sγ
excluded

PDG
2010

E. Goudzovski / FPCP 2012 / Hefei, 23 May 2012
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Chiral Perturbation Theory
tests: K±→π±γγ

E. Goudzovski / FPCP 2012 / Hefei, 23 May 2012

NEW
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dΓ/dz vs z

ĉ=2

ĉ=0

ĉ=–2

KK±±→π→π±±γγγγ: introduction: introduction

ĉ=2

ĉ=0

ĉ=–2

ChPT O(p4)

ChPT O(p6)
z=(mγγ/mK)2

Rate and spectrum depend on
a single unknown O(1) parameter ĉ.

Leading contribution at O(p4) loop:
cusp at 2π threshold

[Ecker, Pich, de Rafael, NPB303 (1988) 665]

O(p6) “unitary corrections”
increase BR at low ĉ and

result in a non-zero rate at mγγ→0.
[D’Ambrosio, Portolés, PLB386 (1996) 403]

E. Goudzovski / FPCP 2012 / Hefei, 23 May 2012

ChPT description:

Experimental status:
• BNL E787: 31 candidates,
BR=(1.10±0.32)×10–6. [PRL79 (1997) 4079]
(O(p6) full kinematic range)

• NA48/2 main data set: measurement
hindered by low trigger efficiency.

• New strategy: minimum bias trigger
samples from NA48/2 and NA62.
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Minimum bias data samplesMinimum bias data samples

130±12Kπγγ signal
5.9±0.7K3π background
11.0±0.8K2π(γ) background

147Kπγγ candidates

163±13Kπγγ signal
1.3±0.3K3π background
11.1±1.0K2π(γ) background

175Kπγγ candidates

NA48/2 (2004) NA62 (2007)

Special run
(3 days)

3 months with
downscaled

trigger (D≈20)

E. Goudzovski / FPCP 2012 / Hefei, 23 May 2012
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KK±±→π→π±±γγγγ: : ChPTChPT fitsfits
NA48/2 (2004) NA62 (2007)

E. Goudzovski / FPCP 2012 / Hefei, 23 May 2012

Visible region is above the K±→π±π0 peak: z>0.2, or mγγ>220 MeV/c2.
Cusp-like behaviour at 2mπ is clearly observed.

z=(mγγ/mK)2 z=(mγγ/mK)2

K3π amplitude parameters: Bijnens, Dhonte, Borg, NPB648 (2003) 317

O(p6)O(p6)

2mπ
2mπ
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KK±±→π→π±±γγγγ: : fit results (1)fit results (1)

ChPT O(p4):

ĉ = 1.36±0.33stat±0.07syst = 1.36±0.34

ChPT O(p6):

ĉ = 1.67±0.39stat±0.09syst = 1.67±0.40

NA48/2 (2004)
ChPT O(p4):

ĉ = 1.71±0.29stat±0.06syst = 1.71±0.30

ChPT O(p6):

ĉ = 2.21±0.31stat±0.08syst = 2.21±0.32

NA62 (2007)

Combined

ChPT O(p4) fit:

ĉ = 1.56±0.22stat±0.07syst = 1.56±0.23

ChPT O(p6) fit:

ĉ = 2.00±0.24stat±0.09syst = 2.00±0.26

BR = (1.01±0.06)×10–6

[D’Ambrosio, Portolés, PLB386 (1996) 403]

(correlated uncertainties)

E. Goudzovski / FPCP 2012 / Hefei, 23 May 2012

(model-dependent BR)

NEW: May 2012

PDG (=BNL E787): BR = (1.10±0.32)×10–6.

PRELIMINARY PRELIMINARY

PRELIMINARY
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KK±±→π→π±±γγγγ: : fit results (2)fit results (2)
BR(K±→π±γγ) vs ĉ

O(p6): ĉ=2.00

O(p4): ĉ=1.56

dΓ/dz vs z

(±1σ intervals indicated)

E. Goudzovski / FPCP 2012 / Hefei, 23 May 2012

ĉ = 1.56±0.23

ĉ = 2.00±0.26

Total number of candidates (NA48/2 and NA62): 322.
Background contamination: (9±1)% due to K±→π±π0(π0)(γ) with photon fusion.
Very low systematic uncertainties.
ChPT O(p4) vs O(p6) models cannot be discriminated.
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The Holy Grail: K→πνν

E. Goudzovski / FPCP 2012 / Hefei, 23 May 2012
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KK→πνν→πνν: introduction: introduction
Theoretically clean, sensitive to new physics, almost unexplored

SM branching ratios

2.43±0.39±0.06KL→π0νν
7.81±0.75±0.29K+→π+νν(γ)

BRSM×1011Mode

• Hadronic matrix element can be related to measured quantities (K→πeν form factors).
• SM precision surpasses any other FCNC process involving quarks.
• Measurement of |Vtd| complementary to those from B–B mixing and B0→ργ.
• δBR/BR=10% would lead to δ|Vtd|/|Vtd|=7%.

CKM parametric Intrinsic

(Brod et al., PRD83 (2011) 034030)
Ultra-rare decays with

the highest CKM suppression:
A ~ (mt/mW)2|VtsVtd| ~ λ5*

SM: box and penguin diagrams

E. Goudzovski / FPCP 2012 / Hefei, 23 May 2012
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PN
N

1

PN
N

2

KK++→π→π++νννν:: BNL E787/E949BNL E787/E949

BR=(1.73       )×10−10+1.15
−1.05

Technique: K+ decay at rest.
Data taking: E787(1995−98), E949(2002).
Incoming K+ (710 MeV/c) stopped in target (1.6MHz).
PID: range (entire π+→μ+→e+ decay chain).
Hermetic photon veto system.
Observed candidates: 7
Expected background: 2.6
Final result:

E949-PNN2

unvetoed
π+π0

Drawbacks of the method:
• Low acceptance (~1%).
• Significant background (~30%)
due to π scattering in the target.

PRL 101 (2008) 191802, PRD 79 (2009) 092004

Year

E. Goudzovski / FPCP 2012 / Hefei, 23 May 2012
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CERN NA62 CERN NA62 vsvs BNL E949BNL E949

NA62@CERN aims to collect O(100) K+→π+νν decays with ~10% background
in 2 years of data taking using a novel decay-in-flight technique.

BR(KL→πνν) vs BR(K+→π+νν)

D. Straub
CKM 2010

(littlest Higgs
with T parity)

CKM unitarity triangle with kaons

Decay signature: high momentum K+ (75GeV/c) low momentum π+ (15-35 GeV/c).
Advantages: max detected K+ decays/proton (pK/p0≈0.2); high acceptance (~10%); 
efficient photon veto (>40 GeV missing energy) + good π+/μ+ separation by RICH. 
Un-separated beam (kaon fraction: 6%) higher rates in some detectors.

experimental
uncertainty

E. Goudzovski / FPCP 2012 / Hefei, 23 May 2012
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NA62 signal regionNA62 signal region
Kinematically constrained NOT kinematically constrained

92% of total background 8% of total background

Definition of the signal region
K+→ π+π0 forces us to split it into 
two parts (Region I and Region II)

Span across the signal region
Rejection relies on vetoes/PID

Kinematic rejection power: ~104 (K+→π+π0), ~105 (K+→μ+ν).
Two signal regions with low background.

E. Goudzovski / FPCP 2012 / Hefei, 23 May 2012

K+→π0μ+ν
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Un-separated hadron (p/π+/K+) beam:
400GeV SPS protons 75GeV (±1%) kaons

750MHz 50MHz kaons 6MHz decays

p<10−5 bar

~0.7%K+→μ+νγ
~2%K+→π+π0γ

<13.5%Total background

<4.5%K+→ 3 charged tracks
2.2%K+→μ+ν
4.3%K+→π+π0

45 evt/yearSignal
Expected signal & backgrounds

NA62 sensitivityNA62 sensitivity
SAV:

Small Angle Photon Veto

Target
(Cherenkov
kaon tagger)

Beam pipe

Total length: ~270m

Vacuum: p<10–5 mbar

• 5×1012 K+ decays/year record SES of ~10–12;
• Hermetic veto: ~5×10–8 suppression of π0→γγ;
• Kinematics: ~10–4 suppression of K→π+π0.

• Construction in progress; first technical run in 2012;
• Physics data taken driven by CERN accelerator schedule.

~100ps timing

~100ps timing

E. Goudzovski / FPCP 2012 / Hefei, 23 May 2012
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NA62 LAV detectorsNA62 LAV detectors
OPAL lead glass blocks

Station design
A LAV station

constructed at Frascati

Detector:
• 12 stations;
• 4 block types:
inner radii vary from 537 to 1072mm;

Each station:
• 4 or 5 staggered layers;
• 160 to 256 Pb glass blocks.

E. Goudzovski / FPCP 2012 / Hefei, 23 May 2012
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NA62 straw tracker construction NA62 straw tracker construction 

1 module ~ 1000 straws

~3m

Mylar ultrasonic welding

The straw principle:

(operation in vacuum)

• Falling edge has the same time
for all straws on track.

• Rising edge and amplitude
give the distance to wire.

E. Goudzovski / FPCP 2012 / Hefei, 23 May 2012
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JPARC E14 (KJPARC E14 (KOOTO): sensitivityTO): sensitivity

KTeV CsI calorimeter:
longer blocks,

finer segmentation

“pencil”
KL beam

γ

γ

Upgraded E391 detector
Beam

photon veto

0.3Halo neutron: CV-η
2.1Total background

0.08Halo neutron: CV-π0
0.01Halo neutron: CC02
1.7KL→π0π0
2.7Signal

Signal & background (3 years)
PoS(KAON09)047

KL→π0νν 3σ discovery

1019 1020 1021

Protons on target

10−9

10−8

10−10

10−11

KOTO
goal

Br
an

ch
in

g 
ra

tio

1018

1 month
10% intensityne

w
 p

hy
si

cs

Charged track
veto counters

E391a

E. Goudzovski / FPCP 2012 / Hefei, 23 May 2012

KEK E391a final result:
BR(KL→π0νν)<2.6×10−8 @90%CL

PRD81 (2010) 072004
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ConclusionsConclusions

• The most precise measurement of the helicity-suppressed ratio
RK=BR(K±→e±ν)/BR(K±→μ±ν) to date completed by NA62 at CERN.

result in agreement with the SM

• New measurement of the K±→π±γγ decay with minimum bias
trigger data from NA48/2 (2004) and NA62 (2007) presented.

new precise experimental data on ChPT parameters

• Precision measurement of the ultra-rare K→πνν decay:
NA62 detector construction is in progress;
first technical run starting in October 2012.

E. Goudzovski / FPCP 2012 / Hefei, 23 May 2012

Recent NA48/2 results not covered:

• K±
l3 form factors: see M. Hita-Hochgesand @ Moriond QCD 2012;

• BR(Ke4): see PoS(EPS-HEP2011)437.
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Spare slides

E. Goudzovski / FPCP 2012 / Hefei, 23 May 2012
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e

NA62 trigger logic in 2007NA62 trigger logic in 2007
Minimum bias

(high efficiency, but low purity)
trigger configuration used

• Efficiency of Ke2 trigger: monitored
with Kμ2 & other control triggers.

• Different trigger conditions for signal
and normalization!

Ke2 condition: Q1×ELKr×1TRK.
Purity ~10–5.

Kμ2 condition: Q1×1TRK/D,
downscaling (D) 50 to 150.

Purity ~2%.

HODHOD

e

LKrLKr

Q1: coincidence
in the two planes

ELKr: energy deposit
of at least 10 GeV

1TRK: very loose condition
on activity in DCHs

against high multiplicity events

DCHs

e

NA62 trigger in 2007/08

E. Goudzovski / FPCP 2012 / Hefei, 23 May 2012
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1cm

50 100

Front-end 
achromat

Quadrupole
quadruplet

• Focusing
• μ sweeping

Second
achromat

• Cleaning
• Beam spectrometer

was installed
in 2003-04

K+

K−

BM

z

magnet

K+

K−

vacuum   beam pipevacuum   beam pipe

Simultaneous K+/K–

beams (2003-04);
mostly K+ beam (2007)

Be target

Unseparated beam: π/K~10
~10(~1) million K+/SPS spill

NA48/2 KNA48/2 K±± beam linebeam line

10 cm

200

vacuum 
tank

not to scale

250 m

He  tank
+ spectrometer

vacuumvacuum

Beam: ~4x4mm, ~10x10μrad (rms).
22%(18%) of kaons decay in
the 114m long vacuum tank.

~1012 protons
(400 GeV) per spill

Momentum selection
60(74) GeV/c

E. Goudzovski / FPCP 2012 / Hefei, 23 May 2012
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NA62 data taking 2007NA62 data taking 2007

Primary SPS protons (400 GeV/c):
1.8×1012/SPS spill.

Unseparated secondary positive
beam: p=(74.0±1.6) GeV/c.
Entrance to the 114m long
vacuum decay volume:
2.5×107 particles/SPS spill.

Composition: K+(π+) = 5%(63%).
K+ decaying in vacuum tank: 18%.

View of the NA48/NA62 beamline (2003-2008)

Data taking conditions optimized for
a precision Ke2/Kμ2 measurement:

a low intensity run
with a minimum bias trigger

E. Goudzovski / FPCP 2012 / Hefei, 23 May 2012
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KKμμ22: sensitivity to new physics: sensitivity to new physics
Comparison of |Vus| determined from

helicity-suppressed Kμ2 decays vs
helicity allowed Kl3 decays

,νe μν

μ+e+,s
H+

K

u

+

(Higgs)

W+

and H+ ?

Measured
with Kμ2/πμ2

Lattice QCD
input

SM expectation: Rμ23 = 1.
Charged Higgs mediated currents lead to

tanβ vs H+ mass exclusion

Experiment: Rμ23 = 0.999(7), limited by lattice QCD input.

To reduce uncertainties of
hadronic and EM corrections to Kμ2:

ta
nβ

average from nuclear β decays,
PRC79 (2009) 055502

Measured
with K→πμν

Flavianet Kaon WG, EPJC69 (2010) 399

H+ mass [GeV/c2]
E. Goudzovski / FPCP 2012 / Hefei, 23 May 2012
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KLOE KKLOE Ke2e2 measurementmeasurement

1.0Statistical

0.4Trigger efficiency

0.3Kμ2 subtraction

1.3Total

0.6Reconstruction efficiency
0.2Ke2γ (SD+)

δRK/RK (%)Uncertainties

KLOE-2 expect δRK/RK=0.4%.
[EPJC68 (2010) 619]

NN output vs M2
lep

3K

2K

1K

2D fit in (NNout vs M2
lep) plane. 

χ2/ndf = 113/112.
Projection shown here: NNout>0.96.

13.8K Ke2 candidates, 16% background

M2
lep, MeV2

fit region

Final result [EPJC64 (2009) 627]

Identification
efficiency:

~90%

RK = (2.493 ± 0.025stat ± 0.019syst) × 10–5

RK = (2.493 ± 0.031) × 10–5

RRKK = (2.493 = (2.493 ±± 0.0250.025statstat ±± 0.0190.019systsyst) ) ×× 1010––55

RRKK = (2.493 = (2.493 ±± 0.031) 0.031) ×× 1010––55

E. Goudzovski / FPCP 2012 / Hefei, 23 May 2012


