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Ry in the SM R, beyond sm #A6ZH

» Ideal test of SM » Indirect search of NP
» Hadronic uncertainties cancel in the > MSSM scenario: LFV terms (charged
ratio Ry = K,,/K Higgs coupling) introduces extra
> Helicity suppression: ~ 10- contributions to the SM amplitude
_ ot ut »Up to 1% variation
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Experimental status:

»PDG'08 average (1970s measurements): -> R, = (2.45+0.11) x10°>  (8Ry/Ry = 4.5%)

»Recent improvement KLOE (Frascati): ->Ry=(2.493+0.031) x10> (6R /Ry = 1.3%)
(EPJ C64 (2009) 627)

NA62 (phase I) goal: measurement of Ry with accuracy level below 1% (~0.5%)
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Data Taking and Detector

LKr calorimeter
/" Hodoscope

Drift chamber 4
Anti counter 7

» Four months in 2007:
~ 400K SPS spills, 300TB of raw data
» Two weeks in 2008:

special data sets allowing reduction of the
systematic uncertainties.

+ Beam composition: K*(*) = 5%(63%)

Helium tank

Drift chamber 3

Magnet

Drift chamber 2
Anti counter 6

Principal subdetectors for Ry:
* Magnetic spectrometer (4 DCHs): Vacuum

Beam pipe

Drift chamber 1

4 VleWS/DCH = h|9h efficienCYI beam piPZ: Kevlar window
a,/p = 047% + 0020%p [GeV/c]  ron-decayed \‘~
aons

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

* Liquid Krypton EM calorimeter (LKr):

High granularity, quasi-homogeneous; Helium Decay volume
og/E = 3.2%/JE + 9%/E + 0.42% [GeV] filled tank is upstream

0,=0,=0.42/EV2 + 0.6mm (1.5mm@10GeV).
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Measurement strategy

(1) K../K,, candidates are collected concurrently:
> analysis does not rely on kaon flux measurement;
> several systematic effects cancel in the ratio (at first order);

(2) MC simulations used to a limited extent:
» Geometrical part of the acceptance correction;
» Correction for bkg from catastrophic energy loss of muons in the LKr;

(3) PID, trigger, readout efficiencies are measured directly from data.

Analysis in 10 bins of reconstructed lepton momentum:
(owing to strong momentum dependence of backgrounds and event topology)

Signal Particle Trigger
events ID eff efficiency
R, = 1 N(KeZ) - NB(KeZ) fu ' ' S(KMZ) 1
K=
D N(Kuz) - NB(KMZ) fe - " e(Ke)  fi
K> Background Global LKr

downscaling events readout eff 5




: > NAG2Z (),
K., vs K, selection b

0.06

Large common part (topological similarity) M'Ss'"g mass vs lepton momentum

* one reconstructed track;

- geometrical acceptance cuts;
» K decay vertex: closest distance of 0.02
approach between track & kaon axis;

- veto extra LKr energy deposition clusters;

* track momentum: 13GeV/c < p < 65GeV/c.

electron mass hypothesis
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Kinematic identification ooz poorseparationariighp
0 10 20 30 40 50 60 70
« 2 body dQCCly Mzmiss = (PK - P,)z Track momentum (GeV/c)
(kaon mpmen’rum measured Wlfh K5, decays) ¢ Log scale Data
- sufficient K,,/K , separation up to 25GeV/c ; Electrons
1

Particle Identification 1o

* E/p = (LKr energy deposit/track momentum)1o
* (0.9 10 0.95) < E/p < 1.10 for electrons
« E/p < 0.85 for muons

- Powerful u* suppression in e* sample: ~10° 1¢

10°

0.2 0.4 0.6 0.8 1 1.2
E/p: Energy/Track momentum



K.» background in K., sample jadsed

> The main bacqu'ound in the K., sample isdue to % ;p VS
catastrophic energy loss of muons in the LKr o s -~
(E .k’ Pocy > 0.95 -> misID events as K,,) Zast
g 4f_ ................................... : ..;,..'""" .......... - . "‘ ..............................
> To measure directly P(u->e)a "lead wall” (~9.2 Xp) 5§ t . +
has been installed on ~18% LKr surface for ~50% of 29 ./ .~
The r‘un Tlme: :;:B:tg ....... ." Ez 3;_ & “,.;,’,,.:f:...+ .......................... ) MC prec'sion !
[ P(u-re) ~ (3:5) - 106 | S S x4 oP,./P,. = 10%
' L — ‘,“‘ 25__ —
[Muon bremsttranlung: |- U N " I T e T
Phys. Atom. Nucl. 60 (1997) 576] -l Muon momentum, GVl
HOD(V) Correction for Pb: fp,=P /P
115 —
> K,, candidates, track traversing Pb, p>30GeV/c, T, 15_,,,._,";}99!;;;{99 ,,,,,,,,,,,,,,,, MC precision|
o e E N N S =2%
E/p>0.95: electron contamination <108, & 1,055 Yot P/ fop =
> The result agrees with Geant4 simulation. U
(p dependence) g 095
0.9F
> P(u->e) is modified by the Pb wall: the correction fp, osst
is evaluated with a dedicated Geant4-based 0.8
simulatid posylt: B/(S+B) = (6.11:0.22)%

: . . . : 0.7 b
Uncertainty ~3 times smaller than using only simulation fo 20 30 Mo mementurl GVt



Partial (407)
data set

NA62 | K> candidates

- |=e= Data

C | K -uty

[ K'=uty (u*—e)

L | K*'—e*vy (SD")
5| |l Beam halo e

10 ke ] N

10*

T .

-0.06 -0.04 -0.02 0O 0.022 0.04 o.og )
M. (e), (GeV/c?)

59,813 K*—e*v candidates.

Positron ID efficiency: (99.27+0.05)%.

B/(S+B) = (8.71+0.24)%.

NA62 estimated total K,, sample:
~146k candidates (11% bkg)

>NABG2

K., background sources:

> K,» (CB) (6.11+0.22)%

> K, (m->e) (0.27+0.04)%
measured with MC

> Beam halo (1.16+0.06)%
directly measured on data (special runs)

> Ko, (DEY) (1.07+0.05)%

limited by the error on the measured BR
(Ongoing NA62 measurement -> 2% precision)

> Koo (0.05=0.03)%
> K sp (0.05:0.03)%

K., candidates and backgrounds in momentum bins

- NAB62 —-@— K'-e'v candidates
9000 —&— K'5p'v x5
- —0— K '5p'v (W' —e*) x50
8000 —@— K '>e'vy (SD") x5

E =@— Beam halo x5

7000} .
6000 \'/.\ .-

5000F -\
- xF

4000

3000f /H’ ‘\
2000 i& wvB0) / \
1000-x5 g P b
0=%20 30 40 50 60 8

Lepton momentum, GeV/c

(selection criteria specifically tuned in each bin)
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NAéZ Result (407 data set)

5
RK><1O

Measurements of

28 ( + 0, O_'._'...r, 0. OO/“ ¢ ) % 1072 Recently published:
(2 + 0. Olj) < 10~ 5 PLB B698 (2011) 105
261 Uncertainties

- 5 5 5 5 5 Source dRyx10°>
255 ropr Tt Statistical 0.011
[y e | f f K. 0.005
2.5—}— 1 i s T 4 | BR(K,p, SD7) 0.001
D I ? I T Helium purity 0.003

i N 1 Beam halo 0.001
2.45 _"I """""" t T "Il Acceptance 0.002
i ; DCH alignment 0.001
oal i ] Positron ID 0.001
B Independen‘r measurements 5 Lkr readout inef 0.001

- "l‘ lepton 'I“O"‘emufn bins N462 1-track trigger 0.002
23y T 30 a0 50 60 Total 0.013

Lepton momentum, GeV/c o .
(systematic errors included, partially correlated) (05 /o precusuon) 9




Ry: world

PDG'08 - Jan'11 average

Clark et al. (1972)

Heard et al. (1975)

Heintze et al. (1976)

KLOE (2009)
T = PDG 2010

NA62 (2011)

partial data set
SM
11 1 I L1 | 1 1 I - I | | I 111 I 1 1

23 24 25 26 27 28,

Ry¢x10

World average SR, x10° Precision
PDG 2008 2.447+0.109 4.5%
January 2011 2.487+0.012 0.48%

Ry measurements are currently in agreement
with the SM expectation at ~1o.

> NAGZ {

average |, ..

Tevatron Run II 95% exclusion limits

2HDM-II
R,=2.487(12)x10

Direct searches (LEP)

Rk: 95% CL exclusion
M AL=1x10"°
B A,=5%x10"
B A,=1x10"

6 0.7 08 09 1
H* mass, TeV/c?

°_

Any significant enhancement
with respect
to the SM would be evidence

of new physics. 10
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Conclusions & Future Prospects

* Due to the suppression of the K,, decay in the SM, the measurement
of Ry is well-suited for a stringent SM test.

* Preliminary result based on ~40% of the NA62 K., sample:
Ry = (2.487 + 0.013)x107°, reaching a new level of accuracy of ~0.5%.

With the full 2007/2008 NA62 data sample, the precision is
expected fo improve to a level R /R,=0.4%.

* One of the NA62 (phase-ITI, see V.Palladino’s talk) goals will be to
improve the precision on the R, measurement by a factor of ~2.

11
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Leptonic meson decays: P*el v

SM contribution is helicity suppressed
G2 MpM? M2\ , ., K feaee---

Sizeable tree level charged Higgs (H*) con’rmbu’rlons
in models with two Higgs doublets (2HDM including SUSY)
PRD48 (1993) 2342; Prog.Theor.Phys. 111 (2004) 295

(numerical examples for M;=500GeV/c?, tanf} = 40)

mt—lv: AT/Tgy ~-2(m/my)? my/(m +my) tan?p ~ -2x104
Kr—lv: AT/Tg, ~ -2(m/my)? tan?p ~-0.3%
D*,—Iv: AT/T¢y, ~ -2(mp/my)? (m,/m.) tan?p ~-0.4%
Br—lv: AT/ ~ -2(mg/my)? tan?p ~-30%

(R. Barlow, CKM 2010 arXiv:1102.1267) ~30 discrepancy
BaBar, Belle: exp(B—Tv)=(1.64:0.34)x10" mezzzv'yg;r; f;zn ]
Standard Model Broy(B—tv)=(1.20+0.25)x104 expectation froma

(SM uncertainties: 8fy/f5=10%, 8|V, [2/| V., |2=13%) global CKM fit

[UTfit, CKMfitter, ICHEP2010]
13

— Challenged by hadronic uncertainties
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H: exchange in K*—u*v
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Comparison of |V, | determined from
helicity suppressed K*—u*v decays vs
helicity allowed K*—n°u*v decays

To reduce the uncertainties of
hadronic and EM corrections:

o = (242

average from nuclear § decays,
PRC79 (2009) Oi5502

Vus
Vud

{|Vud|0+—>0+\

fK)
fﬂ @2 HVUS|f+<O)]£3

| \ Y J U v J \_ v )
200 400 Lattice QCD Measured Measured

Vi < Vi (0709 input with K,/m,,  with K—=muv
v (K Charged Higgs mediated contribution:

a My tan®f3

=t fuas | L = T e tan
1 unitarity H+ 0
.-\l 5Nudk““7)

Tauenu”

Experiment: R ;3 = 0.999(7),

Vil

0.972

0.974

0.976

|V |%+|V 4]2-1 = -0.0001(6).
Precision limited by lattice QCD input.

(Flavianet Kaon WG, arXiv:1005.2323) 14



> NAG2Z (),

Ry in the SM

A precise measurement of the ratio of K -> lv, leptonic decays provides
an ideal test of SM and indirect search for New Physics. -

»Hadronic uncertainties cancel in the ratio K, .
» SM prediction: excellent sub-permille accuracy

Ry is sensitive to lepton flavour violation and its SM expectation:

L T . . o\ 2
(K> — e*v ) Hlé In%{ o lllg A - rad.corr.»
R = TKEZ %) m2 \m2 —mz /) L ToRx)
(K* — =) mg Mg — Mg N P
Helicity suppression: f~10-° j
- - Radiative correction (few %)
V; % c due to K*—e*vy (IB) process,
@ —= O - @ by definition included into Ry
Ve K* et [V.Cirigliano, I.Rosell JHEP 0710:005 (2007)]

Recently understood: helicity suppression of R,SM = (2.477+0.001)x10°
Ry might enhance sensitivity to hon-SM Phys. Lett. 99 (2007) 231801
effects to an experimentally accessible level.

15
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Ry beyond the SM

In the MSSM large tanf3 scenario, the presence of LFV terms (charged
Higgs coupling) introduces extra contributions to the SM amplitude,
enhancing the decay rate.

5 e u’
K* } i < Tree level
T (higgs ree ieve
RLFV _ Loy (K —ev,)+ 1, (K —ev,) u V.,
K = )V,
I, (K —=uv M) )
— A e
S
LFV SM m;‘; m,? 2 6 + H+ /:i]:; ~ One-loop level
Ry =Rp |1+]|— > A13‘ tan” p| K T s |3 PRD 74 (2006)
m, . \m,; = S 011701,THEP 0811

(2008) 042

T

Up to 1% variation is predicted for reasonable SUSY parameters:

m,, = 500 GeV , |Ass| = 5104, tanp = 40 -> R\VF = R,SM (1 + 0.013)

16
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E ¢+ energy deposit
of at least 10 Ge&

Q;: coincidence
in the two planes

DCHs

Control & E . Triggers

/KMZ & control triggers

J ELKr‘ Tr‘igger‘s

eposit, ‘Gg\(

60

>

ITRK: very loose condition
on activity in DCHs

against high multiplicity events

0.8
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>WNAGZ2 _

Trigger Logic

Minimum bias
(high efficiency, but low purity)
trigger configuration used

E_«. efficiency vs energy

0.6

0.2

10 GeV
threshold

JElelgyicepesifGel

I_(g CondiTiOHI leELKr‘XITRK’
Purity ~10°.

K »_condition: Q;x1TRK/D,
downscaling (D) 150.
Purity ~2%.

* Efficiency of K., trigger: monitored
with K, & other control triggers.

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

- Different trigger conditions for signal

and normalization!
17
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Systematic effect: positron ID

A typical inefficiency map
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LKr energy response is calibrated

for every 2x2cm? cell within acceptance

Colour code
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Positron ID efficiency is measured

with K*—mev and special K —nev samples:
integral € = (99.27+0.05)%

Ineff < 1.2%

Ineff = (1.2 - 2)%
Ineff = (2.0-4.0)%
T Ineff = (4.0-10)%

B ineff> 10%

(an effect of a loose cable

is visible in this map)

ID inefficiency vs momentum
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K*—e*vy (SD) decay

- dI'(K—evry) )
Decay density: —— 37— = pIB(X,Y) + psp(x,y) + pinT (X, )
“ W
helicity suppressed ligible
Kinematic varnables neglig
(kaon frame): 2EW/NIK y = 2E¢/Mk /

psp(x,¥) = SEEEAMY ((fy + £a)? fip (%, 1) + (fv — £2)* fsp— (x,7)
Two non-interfering contributions SD* and SD: 08
emission of photons with positive and negative helicity o.¢|

0.4

f(x), f4(x): model-dependent effective
vector and axial couplings

0.2}

1 X

0 0.2 04 0.6 0.8

SD*: positive y helicity SD: negative y helicity Y !
SV Se SV Se 0.8:
Py € ® > P, P, € = o g)pe 0.6f TN
py ( g g )py 0,43 , = =
SY sy 0.22

[(x,y) Kep, (SD )5

0O 0.2 04 06 08 1
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Radiative K*—e*vy background in I(e 2 samplg

Ry is inclusive of IB radiation by definition. >
SD radiation is a background. INT is negligible. 5,02-_ _____
et e’
I / i
0.15_
K* K* -
0.1_%
v Ve

e

SD radiation is not helicity suppressed.
KLOE measurement of the form factor leads to

BR(SD*, full phase space) = (1.37+0.06)x10>.
(EPTC64 (2009) 627)

SD background contamination
B/(S+B) = (1.07+0.05)%

A new K,,, (SD*) measurement
is being performed by NA62 (..mel)

A

0.05F

|Positron vs photon energy Ev

111111111111111111

0.05 0 1 0. 15 0.25

%

Pho’ron energy: IB and DE

Arbitrary scale
(=]

—
]
N

10°

005 01 015 02 _ 0.25
E,, MeV



K.2 with u—e decay in flight

For NA62 conditions
(74 GeV/c beam, ~100 m decay volume),

N(K,., u—e decay)/N(K,,) ~ 10
K.> (u—e) ndively seems a huge background

Muons from K, decay are fully polarized:
Michel electron distribution

d2I'/dxd(cos®) ~ x2[(3-2x) - cosO(1-2x)]

X = Eo/Epax = 2E./M,
® is the angle between p, and the muon spin

(all quantities are defined in muon rest frame).

Result: B/(S+B) = (0.27+0.04)%
Important but not dominant background

©)
0
o
O

> NAG2Z (),

1 ................. rrvr o
0SE
0.8
” ‘ (/7
0.6 _
0.4 - _lo.7
0.2 —0.6
0 | —0.5
-0.2 —0.4
0.4 0.3
-0.6 : 0.2
-0.8 ................... 0.1

9 0102 0.3 0.4 0.5 0.6 0.7 0.8 0.9T1
X: e max

Only energetic forward positrons
are selected as K,, candidates

They are naturally suppressed
by the muon polarisation

(radiative corrections provide
another ~10% suppression)
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Beam halo background B

Electrons produced by beam halo muons via u—e decay can be
kinematically and geometrically compatible to genuine K., decays

Background measurement:

* Halo background much higher for K_,~ (~20%) than for K_,* (~1%).
* Halo background in the K , sample is considerably lower.

» ~807% of the data sample is K* only, ~20% is K™ only.

* K* halo component is measured directly with the K~ sample and vice

versa.

«10° K 12 decay Z ver"rex

The background is measured to sub-permille 350
precision, and strongly depends on 300
decay vertex position and track momentum.

250 1 U .................................................... .............................. ..............

The selection criteria (esp. Z,,.1.5) are optimized f « Data
to minimize the halo background. 200 N o
_ o 10— N T—

B/(S+B) = (1.16:0.06)% -Lower cut Lower cut
Uncertainty: 1005 (low Prrg) — (high Pyger) L
1) limited size of control sample; so— || A

2) n, K decays upstream vacuum tank. EoY Y Kuz MC
-20 0 20 40 60 80

z

vertex’
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Partial (407%) data set

[ | K,, candidates NAG62
408 ki B | @ Dt )
5 K -ty
- - |[OK >
i (Il K >n*r°
- K., background source:
10* E_ ...................... > Beam halo (0381001)0/0

-0.1 -0.05 0 0.05 0.1
M2 (), (GeV/c??

18.03 M candidates
with low background
B/(S+B) = (0.38+0.01)%

23
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Future prospects-II B

Future NA62 (phase II - data taking in 2013-2015):
Hermetic veto (large-angle and small-angle veto counters) will strongly

decrease the background.
SD background will not be relevant for a future NA62 precision RK measurement.

Beam spectrometer (beam tracker plus beam Cherenkov) will allow time

correlation between incoming kaons and decay products (improved PID).
Expect beam halo background to be reduced to negligible level.

Only the K, (u—>e) background will remain: well known ~0.3% contamination.
Expected total uncertainty <0.2%.

Assuming an analysis at low lepton momentum and not using electron ID,
measurement of R, with 0.1-0.2% relative precision is feasible.

Required statistical uncertainty is ~0.05% > few million K., candidates.
Required kaon decay flux: N, ~ 1012
Expected NA62 flux: N ~ 1013 y

K., trigger ~1 month of data taking sufficient for such Ry measurement.




Ke2, (SD), K.3 suppression

1 Kqp, (SD*) MC selected as K,,

>NAG2Z {

K.3 MC selected as K.,

) : [
10 F 0 v clusters in LKr 103
[ (SD) MC events
3»—
107 sin LAV, SAC, IRC
10 7
10 2:— -
W, 10 |
10 3 i
| F J H !
_1>. Ll | | . -
10 10

-0.1 0

Kezy (SD*) sample reduced by
a factor of 35

0.1 0.2

0.3 2‘
Mmiss(e) (GCV )

|

0 v clusters in LKr
K.; MC events
vs in LAV, SAC, IRC

Il

PR

-0.1 0 0.1 0.2 0.3

M._. () (GeV?)

K.3 sample reduced by
a factor of 500

Rejection provided by the new veto detectors is excellent for K., analysis

K.> sample untouched by the veto requirement

25
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KLOE K., analysis: decays af r'es1'

DA®NE: an e*e” collider at LNF Frascati

- CM energy ~ m, = 1019.4 MeV:

* BR(¢p—K*K") = 49.2%;

* ¢ production cross-section o,=1.3ub;
» Data sample (2001-05): 2.5 bl

Luminosity (pb-!/month)
2004
734

180
160
140
120
100
80
60
40
20F

2002 P |
2001 320 A hyper'nucleu bl |

experiment i

s_ month since Jan '01
37 39 41 43 45 47 49 51 53 55 57 59

0
1 3 5 7 9 11 13 15 17 19 21

Ke2/K,2 selection technique (vs NA62):

- Kinematics: by M?, (equivalent to M,;..2);
 PID: neural network with 12 input Vs KLOE
parameters (vs E/p for NA62). VN

-~ Kaon decay
| experiment

/ ACCUMULATOR
. 510MeV
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KLOE KeZ Sample

"' INN,,, | NNoutputvs M2, B70o 2Dfit 1 (NN,; vs M?,,.) plane.
- - v2/ndf = 113/112.
Ll 600 “?i’(; Projection shown here: NN, ,>0.96.
09 — | = = o= o= Kuz
_ 400 | ===+ Ke2 (Ey>10MeV)
2K |
og L 300 ~
200 '
07 | 1K}
100
- ID efficiency |
06 L1l 0 o O lezzemesope-cpc” —_—— T T T TS T T
6000 4000 -2000 0 2000 4000 ~ 90% 2000 0 2000 4000 6000
— S (MeV?)
gtr;ifsr:ii!}tles 6RK/1R('; %) Full data sample analyzed
K., subtraction 0.3 [EPJ €64 (2009) 627]
Kez, (SD*) 0.2 13.8K K., candidates, 16 % background
Reconstruction 0.6
efficiency KLOE-2: expect to start in 2010, dR/Ry=0.4%.
Trigger efficiency 0.4 [arXiv:1003.3862] 27
Total 1.3




