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R(=T'(K¢2)/T(K ,) in the SM

Sensitive to lepton flavor violation and its SM expectation:

Few % due to:
Helicty suppression K->ev(y) IB process
factor ~10-

M SM prediction: excellent sub-permille accuracy
due to cancellation of hadronic uncertainties.

M Measurements of R, and R_have long been
considered as tests of lepton universality.

M Recently understood: helicity suppression of
R, might enhance sensitivity to non-SM

Theoretical expect. (Phys. Lett. 99 (2007) 231801):
RM = (2.477+0.001)x10->

R SM = (12.352+0.001)*x10->
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Ry beyond the SM

2 Higgs Doublet Models - tree level
K|, can proceed via exchange of

charged Higgs H* instead of W*
- Does not affect the ratio Ry

2 Higgs Doublet Models - one-loop level
Dominant contribution to AR, : H* mediated

LFV (rather than LFC) with emission of v_

- Ry enhancement can be experimentally accessible

Larger effects in B decays
due to (My/M;)*~10%
B, /B, 2 ~50% enhancement;
B.,/B., 2 enhancement factor 10!

3 unknown parameters: M,,,, A ,, tan Out of reach: Br®™(B, )=10-1

Effect in large tanP regime with a massive H* (PRD 74 (2006) 01170)
(A;3=5x10-4, tanp=40, M;=500 GeV /c?)
lead to ReMM = R, SM(1+0.013) 1.3% measurable!
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Experimental status of Ry

R world average (March 2009)

| PDG'08 : ‘ March'09 average
| ‘ Clark (1972

After first searches in the early Seventies new
interest rose by PRD 74 (2006) 01170

New studies both in the NA48/2 (@ CERN) and | | RS
KLOE (@ LNF) collaborations lead to | f_Heintze (1976)
preliminary results NA48 (2005)
Recent improvement: KLOE (LNF). prelminay, 200 data
Data collected in 2001-2005, g KLOE(2007)
13.8K K, candidates, 16% background. il KLOE (2009)
R=(2.493+0.031)x10~> (8R/R=1.3%) S

(EP] C64 (2009) 627)

NAG62 (phase I) dedicated data taking goal:
~150K K, candidates, <10% background, 6R, /R <0.5% :

sub % measurement able to spot for deviation from SM.
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NAG2 detector

NA62 Data taking:
* Four months in 2007 (23/06-22/10):
~400K SPS spills, 300TB of raw data

* Two weeks in 2008 (11/09-24/09):
special data sets allowing reduction of
the systematic uncertainties

Spectrometer

- 4 Drift Chambers
- Magnet

Trigger Hodoscope
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Ry Measurement strategy

M K.,/K,, candidates are collected simultaneously:

* the result does not need any kaon flux measurement;

* several systematic effects cancel at first order
(e.g. reconstruction/ trigger efficiencies, time-dependent effects).

M Counting experiment, independently in 10 lepton momentum bins
* owing to strong momentum dependence of backgrounds

M MC simulations used to a limited extent only:
* Geometrical part of the acceptance correction (not for particle ID);
* simulation of “catastrophic” bremsstrahlung by muons.

R — N(Kep) - Np(Kep) . AK ) x £, x &(K ) . 1

K N(Kuz) - NB(Kuz) A(Ky) x £, x e(Kyy) £ ke
N(Ke), N(K,;») . numbers of selected K, candidates;
Np(Kep), Np(K o) :  numbers of background events;
A(Ke) AK ) :  MC geometric acceptances (no ID);
' :  directly measured particle ID efficiencies;
e(Kp)/e(K p)>99.9% = Epy, trigger condition efficiency;
f, .=0.9980(3) :  global LKr readout efficiency.
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K> Vs K, selection

‘Missing mass vs lepton momentum

Common selection criteria
M One reconstructed track; electron mass hypothesis
M Geometrical acceptance cuts; i K (data)
M K decay vertex: closest approach

of track & nominal kaon axis;
M Veto extra LKr energy deposition clusters;
M Track momentum: 15GeV /c<p<65GeV /c

Kinematic separation

40 50
* Missing mass Track momentum (GeV/c)
: Data
» Good K,,/K , separation at p,,,, <25GeV/c Sl Datal

Separation by particle ID

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

 Powerful u* suppression in ex sample: f~10°

0.2 0.4 0.6 0.8 1 1.2
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NA62 K., sample (40% data set)
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miss miss

NAG2 preliminary result sample: NA62 estimated total K,, sample:

8047003 002 -001 0

Mauro Raggi LNF DIS 2010 19-23 April 2010 Florence, Italy



K., background measurement

P(u—e): measurement (2007 special muon run) vs Geant4-based simulation
[Cross-section model: Phys. Atom. Nucl. 60 (1997) 576]

—6.5 x10°
? | - [~e- Data (Pb wall) Mis-1D P(M%e) vs Ptrack
= 51| _@- MC (Pb wall) | | |
5.5/ |- MC (no Pb wall) model validation
5[
4.5 .:.’
: -
= -
= = o
4 . -
3.5 |
s 5 - Used for
- background subtraction
2.5 | -
o, Nonalysis momentum pange N
20 10 20 30 40 50 60 70 80 90 100

Mauro Raggi LNF

Track momentum, GeV/c

Result: B/ (S+B) = (6.28+0.17)%

Lead

Pldlc\

HOD(H)

HOD(V)
Thickness:
Width:
Height:
Area:
Duration:

~10X, (Pb+Fe)
240cm (=HOD size)
18cm (=3 counters)
~20% of HOD area
~50% of R, runs

+ special muon runs

P(u—e) is modified by the Pb wall
1) ionization losses in Pb (low p);
2) bremsstrahlung in Pb (high p).
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Beam halo background

Electrons produced by beam halo muons via u—e decay can mimic K, decays

Halo background measurement:

M Halo background much higher for K_,~ (~20%) than for K_,* (~1%).

M ~90% of the data sample is K* only, ~10% is K- only.

M K- sample is used to directly measure K* halo component and vice versa
e K* selection applied to K- run to calculate halo BG probability

‘ K* , decay Z vertex

The background is measured to sub-permille : . | ~p2 "~V = 7" 7
precision, and strongly depends on Beam halo directly measured

decay vertex position and track momentum. With the K- only sample
|

The selection criteria (esp. Z are optimized

Vertex)

to minimize the halo background.

B/ (S+B) = (0.45+0.04) %

|
|
|
|
|
|
|
-
|
|
-
|
|

Lower cut Lower cut
(low P,..) (highP,,,)

Uncertainty is due to the limited size
of the K- control sample.

Mauro Raggi LNF DIS 2010 19-23 April 2010 Florence, Italy



Backgrounds: summary

Backgrounds

Statistics inilepton | | =®= K’-e'v candidates
momentum bins 1| "7 (T oy o5 || WSource B/ (S+B)
Sl | G (028:017)%
1 i 1 K, (u—e) (0.23+0.01) %
K., (SDY) (1.02+0.15) %
Beam halo (0.45+0.04) %
0.03%
0.03%

(8.03+0.23) %

Record K,, sample:

51,089 candidates
with low background

TR ag g g TR
Track momentum, GeV/c B/(S+B) = (8.0+0.2)%

: S Lepton momentum bins are
(selection criteria, e.9. Zyerex and Mys”, differently affected by backgrounds

are optimized individually in each P, bin) and thus the systematic uncertainties.

2
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NAG2 Kuz sample (40% data set)

K, candidates

St D?ta S 1 15 56M candi dC.lTZS Acquired using a

E ; e:r:: :,: a\l'o ’ - - trigger pre-scaled by D=150

B K >n*n°

[ K '>up'y

5 5 The only significant background
source
comes form the beam halo

muons.

-0.08 -0.06 -0.04 -0.02 0 0.02 04 0.06 0.08
(1), (GeVic?)?

mlﬁﬁ
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R preliminary result (40% data set)

— -5
Ry = (2.500 £ 0.012,,,, £ 0.011 ) x 10
RK = (2.500 i 0.016) X 10—5 (GPX'V09083858) Uncertainties
w_ 2.65 : Y f :
S L § Independent measurements | |Source 6RK><1()5
S, - in lepton momentum bins —
o 2.6 foeoeeeed - — Statistical 0.012
9 E K ,(BG) 0.004
v - : :
£2.55; e M Beam halo (BG) 0.001
g o . N I . - K., (SD*) (BG) 0.004
% 2.5 1 L Electron ID 0.001
M ¢ rler e Ll :
2 | § § 5 B ] ! IB sim. (MC) 0.007
245——_ ........ ST P Acceptance (MC) 0.002
- Uncertainti.es‘indicated: Trlgger tlmmg 0.007
24;_ l: statistical+K _+halo it el s o sascn ,. s
i—m. Ay Total (0.64% prec) 0.016
- ; P ' prie lmnimy The whole 2007 sample will allow

1 l . 1 Ll l l | 1 Lol . l Renlcntianl
35 40 45 50 55 60 65 Eelatalec1RtialdariistaAaliNCH iy
SLBCK MOMENUM, DeVIC: A uncertainty of 0.4-0.5%.

'llllllllllll
2335 20 25 30
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Effect onh world average

- March'09 average e June'09 average
Clark (1972)

Clark (1972)

Heard (1975)

Heard (1975)

Heintze (1976)

NA48 (2005) Heintze (1976)
preliminary, 2003 data

NA48 (2007
ptehminiry. 2004) data KLOE (2009)

final result
KLOE (2007)

preliminary (obsolete)

NAG62 (2009)
KLOE (2009) preliminary

final result

o
28
R-(10

NA48/2 preliminary results (QQSGEVSEREE ORyx10° Precision
excluded they are superseded by |VETSSaiE 2.467+0.024 0.97%
NA62 one. KLOE preliminary result |RISSRus 2 498+0 014 0.56%

excluded superseded by KLOE

final.
Mauro Raggi LNF DIS 2010 19-23 April 2010 Florence, Italy

Theory 2.477+0.001 0.04%




R, : sensitivity to new physics

R, world average is currently in agreement (My, tan B) 95% exclusion limits
with the SM expectation at ~1.50. 1&00
§
Any significant enhancement with respect — +,
to the SM value would be an evidence
of new physics.
60
~ 1% effects are still not excluded!
40
For non-tiny values of the 95% CL Exclusion Limits
LFV slepton mixing A,,, 20
sensitivity to H* in Rg=K,/K ,
is better than in B—tv 0 FUIRTRRUPReYURTRI VRRCRRRVI NESURPUTE
Charged Higgs mass [GeV/c?]
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Conclusion

M Due to the helicity suppression factor (~10°) of the K, decay, the ratio Ry
is stringent test of the Standard Model.

M NA62 during data taking in 2007/08 has collected K_, sample ~10 times
the world sample with a low 8% background.

M Preliminary result based on ~40% of the NA62 K _, candidates leads to:
Ry = (2.500+0.016)x10->, reaching 0.7 % accuracy

M The R, value is compatible to the SM prediction in within 1.5

M The precision is expected to be improved to better than dR R =0.5% using
the full NA62 (Phase I) data sample.

M R, measurement with ~0.1% precision is expected to be performed
in the framework of the NA62 (phase II) experiment.
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Trigger logic

Minimum bias
(high efficiency, but low purity)

: energy deposit trigger configuration used

of atleast10 GeV K, condition: Q,xE, . x1TRK.
Purity ~10->.
: coincidence .
in the two planes KMz condition: Q,x1TRK/D,
downscaling (D) 50 to 150.
Purity ~2%.

: very loose condition

on activity in DCHs o Efficiency of K, trigger: monitored

with K , & other control triggers.

against high multiplicity events

e E . inefficiency for electrons measured
to be (0.05+0.01) % for p,,,4>15 GeV/c.

* Different trigger conditions for signal
and normalization!
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K+—etvy (SD) background

e Background by definition of R, no helicity suppression.
e Rate similar to that of K _,, limited precision: BR=(1.52+0.23)x10->.

K,,, (SD) Dalitz plot distribution

e2y

; | . Only energetic electrons (E_,>230MeV)
T T ) are compatible to K, kinematic ID
R | | and contribute to the background

]

This region of phase space is
accessible for direct BR and

form-factor measurement
(being above the E_ =227 MeV

endpoint of the K ; spectrum).

SD background contamination
B/ (S5+B) = (1.02+0.15) %

. 01 045
K.z, (SD°) background is negligible,
peaking at E, = E, /2 = 123 MeV
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