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Prediction: R, = (2.477+ 0.001) x 1@ [Phys. Rev.Lett. 99 (2007) 231801]

Qo
x Hadronic uncertainties cancelin the ratio.
x  Strong helicity suppression.
x  Radiative correction (few %) dueto K- en ¢IB) included by definition in Ry
e Beyond SM:

Model with 2 Higgs doublets (e.g. 2HDM -l MSSM) and LFV sources in the

right -handed slepton sector[PRD 74 (2006) 011701 ].
Potentially sizeable effects at tloop level at large tanb (no effect at tree level)

e am! 0.Am20._ o

MSSM _ pSM K U 6 M
R =RM @L+& -0 28CD313\ Gan® b
e Qi“H" TG~ H

Sensitivity: up to % level after tuning of the parameters: experimentally accessible

Qo
but experimentally challenging

e Higher enhancement in B sector ,
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CERN

| - R: Experiments

@ PDG [19sBeasurement: RK = (2.45i O.ll) X 10P
o dR(/Ry =4.5%

o KLOE [Eur. Phys, J. C 64 (2009) 627IR = (2.493+ 0.031) x 1
o Data collected in 2001-2005
e 13.8x1G K- endecaysand 16% background
o dR(/R,=1.3%

» NAG2Z:
o Dedicated 4 months data taking in 2007
o Goals:
1. 150x1C K- endecays
> <10% background » dR/Ry < 0.5%

©
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' NAG62 Experiments @ CERN 2

Kaon Physics @ CERN SPS:

S N o o e | 19952001: NA48 €/ e
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From 2007: NA62

NAG2

200+2008 R, measurement

20072011 R&D for K*- p™n n

20112014 Construction and
installation of the
new detectors

2012 K- p*n nTechnical run
2014 K - p*n nPhysics run
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NA62 Layout (Ry measurement)
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Muon veto sytem

DFDF

’ uq:::‘:’:;: calorimeter FRONT-END ACHROMAT 8'523?52‘1’5 ACHROMAT
o
Helium tank
P o Main Detectors (NA48):
Dritt chamber 2 0 Magnetic SpeCtrometer:

Anti counter 6

s(P)/P = 0.48%A 0.009 PGeV/c)%
o o Hodoscope: Fast trigger for charged
.(,:..:n;.,.. particles and timing for the event
N (s () = 200ps)
o Liquid Kripton e.m. calorimeter (LKr):
S(E)/E = 3.2%CE A 9%/EA 0.42% (GeV)
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Ri Measurement Strategy

K= e*n (K,y , Kt nin (K,,) collected simultaneously:
o No dependence on K flux
o Cancellation of several effects at first order

N(K e2) -N B(KeZ) X me e(KmZ) 1 1
N(K 1p) - Ng(Kp) Xfexe(Ke) T D

RK:

o N(K.,), N(K,,) : selectedcandidates

o Ng(Kgy), Ng(K,,p) : background, evaluated with data and/or MC

° : geometrical acceptance(MC), track reconstruction efficiency (MC/data)
o f,f particle ID efficiency, evaluated with data

o ¢&K,,): trigger efficiency, evaluated with data

o f « :0lobal e.m.calorimetric inefficiency, evaluated with data

o D :downscaling factor of K,,, evaluated with data

e Analysis in 10 lepton momentum bins.
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Data Taking Conditions =
3.5x1(P SPS spills (162 proton/spill)

Minimum bias trigger: signals in HOD and energy in LKr (for K - en)

2x100K decays taken in different conditions:
o 65% K*only

o 8% K only

o 27% K* K- simultaneusly

[

55% of data taking condition with a lead
bar in front of the LKr in order to
measure on data themto e mis-
identification probability

HOD(H)

HOD(V)
Four samples analyzed independently:

K*(Pb)  K(NoPb) K(Pb)  K(NoPb)
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K., and K, Selection -

e Common selection criteria:
o <P>reconstructed from K*- p’ p*p-

o 1 track reconstructed in the spectrometer and in the acceptance of the detectors downstream
o Decay vertex of good quality in the fiducial region upstream.
o Photon veto using the LKr.

o Kinematic separation: o Lepton identification :

o M2 = (P —P)? (et hypothesis) o E/P =ratio between LKr energy deposit
and track momentum measured with the
spectrometer

%, 0.06 is1 |Data
% : Electron mass hypothesis ! 10 e (0.9100.95) <E/P <11 Data
¥

0.02 1 Electrons

Z ; 10" Muons
0- Ke2 ¢
-0'02;.H|H.w...‘|.‘..\..H|H..|‘..‘ 1
0 10 20 30 40 50 60 70 02 04 06 038 1 1.2
Track momentum (GeV/c) E/p: Energy/Track momentum
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Full 2007 data sample analyzed:1 4 92,58 K

Data sample K (noPh) K7 (Ph) K~ (noPh) "~ (Ph)
K2 candidates 50813 63282 1[];30 12333
Muon halo (111 £0.00)% (151 4+0.100% (461 +0.18)%  (7.86 +0.23)%
Ko (6.11 £0.22)% (5.33+0.19% (5. fﬂ +0.20)%  (4.87 £0.17)%
K. (p 4; e decay) | (026 £0.04)% (027 £0.04)% (031 +£0.09%  (0.19 £ 0.07)%
K* — efpy (SDY) | (1L07£0.05)% (4.01 £0.18)%  (1.25+0.06)%  (3.95+0.17)%
K* = ¢ty (0.05+£0.03)% (028 +£0.14)% (0. ng +0.05)%  (0.37+£0.17)%
K* — g¥q0 (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)%
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o Full 2007 data sample analyzed:42.86 1P K ,

K5 candidates / 108 18.027 18.433 3.069 J3.288
Muon halo 0.39% 0.44% 0.77% 1.22%
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A62Z ()
| Rg: Final Result -
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Lepton momentum, Gewc

o Ry =(2.488+£0.007,, +0.007,) x 10°> = (2.488+0.010) x 1& (c¥ndf = 47/39)

[Phys. Lett. B 719 (2013) 326]
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- - - C\ERN
Rg: Systematic Uncertainties \\2’\

Source 0y x 107
Statistical 0.007
K ;5 background 0.004
K* — ey (SD) background 0.002
K* = glety, K+ — 757" backegrounds 0.003
Muon halo background 0.002
Spectrometer material composition 0.002
Acceptance correction 0.002
Spectrometer alignment 0.001
Electron identification inefficiency 0.001
I-track trigger inefficiency 0.001
LKr readout inefficiency 0.001
Total systematic 0.007
Total (0.010
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| B\dackground from K, in the K, Sample

K% n¥n background in K _,: source
e Mmcatastrophic energy loss in LKr by emission of a bremsstrahlung g P,.= 3x10°

K% n¥n background in K _,: measurement Lead

o Lead plate in front of LKr (9.2X,, 20% total area) |
in order to provide pure msample in the LK.

o P,.measuredon the selectedpure msample
o P, correctedwith Geant4 MC for menergy loss
and bremmstrahlung in the lead plate.
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e Uncertainty 3
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Electron (Positron) 1D

—
T

2
Electron ID: E‘O_QE

o 0.9<E/P<1.1 (P <25 GeVlc) é i

o 0.95<E/<1.1(P >25GeVic) 208

ID Efficiency measured on data using: %0-7;

o K= pletn, K - p*en £ o.6f

Efficiency evaluated as a function of EO_SE

o Time

o Lepton momentum 047

o LKrcell 0.35— T '3‘0' L '4i0' = '5i0' . 'sio' '

Positron momentum, GeV/c

Overall inefficiency: (0.72+0.05)%- DR, = (0.018+0.001x10°
o Uncertainty mainly statistical
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Definition of R  includes IB.

Radiative structure depedent (SD)
K., decays are background.

SD* (positive photon helicity)

o Kinematics similar to K , (high e
momentum in center of mass reference
frame)

o Background if a gis outside LKr
SD suppressed by the K, kinematics.

Background studied using simulation : (2.60+0.11)%
e Main uncertainty from the measured branching ratio [Eur. Phys. J. C64 (2009) 627]
o Different contribution according to the data taking conditions (presence of the Pb bar)
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“Beam Halo Background in the K_, Sample

mfrom beam halo with m- en.n,

Measured on data in K* (K-) samples using the K (K*) only data as control samples
o Charge asymmetric (> 10 times larger for K)

o Characteristic Z dependence (origin at the entrance of the decay volume)

Strong left —right asymmetry

o Analysis optimized to minimize this background

Integrated contribution: (2.11+0.09)%
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NAG2 {
L Rg World Average

o R, =(2.488t0.009) x 16°

PDG 2008 — July 2011 average
o Clark et al. (1972)
Heard et al. (1975
_ o eard et al. ( )
o Heintze et al. (1976)
KLOE (2009)
—-Te = PDG 2010
NAG2
J’ full data set
SM
|III|III IIII|IIII|IIII|II
2.3 2.4 2.5 2.6 2.7 2.8

R,x10°
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Conclusions

x K decaysare avery appealing laboratory to test NP effects
x Good sensitivity and precise experimental results.
x Complementarity to B physics in most of the cases

x Ry measurement

= The NA62 measurement of R,: 0.4%relative precision reached
[Phys. Lett. B 719 (2013) 326]

x The SM precision is still 1 order of magnitude better.
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