A precision test of lepton universality
in K¥—l*v decays at CERN NA62

Evgueni GoudzovsKi
(University of Birmingham)

Outline:

1) Physics motivation: leptonic kaon decays

2) Introduction to NA48/NA62 experiment at CERN
3) Data taking strategy and analysis method

4) Data analysis: backgrounds & systematic effects
5) Preliminary results

6) The future of the NA62 experiment

7) Conclusions

UCL High Energy Physics Seminar
October 16, 2009




[Introduction

Searches for physics beyond the Standard Model

Rarity Frontier

Search for deviations from precise SM
predictions in rare or forbidden processes.

Enerqgy Frontier (LHC, Tevatron)

Search for direct evidence: _ Requires high precision and high beam intensity.
production of heavy new particles.
Large colliders and detectors. Sensitivity to new physics originates from

virtual contributions involving new heavy
particles at higher order loops.
Mass range: up to 100 TeV.

Physics programme at the Rarity Frontier
(pursued independently in kaon and B-meson sectors)
is complementary to direct searches for new particles

at the Energy Frontier
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K, and mn;, decays in the SM

The basic observable sensitive to lepton flavour violation:

+ + 2 2 2\ 2
Rk = I'K= —e V) _ me ' myc — M, (1 + {eracl.curr.)
I'K= — p*v) mﬁ_ mz. — mﬁ_ < K b
~
" Radiative correction (few %o)
T due to K*—e*vy (IB) process,
Helicity suppression ~10° by definition included into Ry
S, S,
°o-——@—-eo
+
Ve K+ e

» Measurements of R, and R have been long
considered as tests of lepton universality.

e SM predictions: excellent sub-permille accuracy o
due to cancellation of hadronic uncertainties. R>M = (2.477+0.001)x10-°
e Recently realized: helicity suppression of the R >M = (12.352+0.001)x10~°

electronic mode might enhance sensitivity of R, Phys. Lett. 99 (2007) 231801
to non-SM effects to an experimentally accessible level. 3
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R=Ke./K,, beyond the SM

MSSM — tree level (two Higgs doublets) s et u’
K, can proceed via exchange of HY
: : +
charged Higgs H* instead of W™ K T
—> Does not affect the value of Ry T
V.,V
MSSM — other possible scenario o
H* mediated lepton flavour violating PRD 74 (2006) 011701,
contribution with emission of v_ JHEP 0811 (2008) 042 4
- R, enhancement can be experimentally accessible! S + éﬁ*_
LFV SM mj m? 2 6. K H - I
RK ~ RK 1+ Vi 5[{ . (Mé) Aqsz|“tan” 3 (Higgs) '\ j'j":”)

u Y

(Sneutrino)

A few percent effect in large (not extreme)
tanp regime with massive charged Higgs

Example: NB: analogous SUSY effects
(A,5=5x10-4, tanp=40, M,=500 GeV/c?) in pion decay are Sl:ppresseol
Iead to RKLVF — RKSM(1+0013) by a factor (mn/MK) ~ 6x10 4
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& R«&R,: experimental status

Kaon decays: R, world average (March 2009)
- PDG’08 average (1970s measurements): PDG'08 March'09 average
R=(2.45+0.11)x10"5 (8R,/R,=4.5%) . Slark (1972)
] ] ® Heard (1975)
- Recent improvement: KLOE (Frascati). _
Data collected in 2001-2005, . Heintze (1976)
13.8K K,, candidates, 16% background. e NA48 (2005)
R«=(2.493+0.031)x10> (bR /R=1.3%) . NAAS (2007)
(arXiv:0907:3594) preliminary, 2004 data
KLOE (2007)
> NA62 (phase 1) goal: 1 ey el
~150K K, candidates, <10% background, = | )
accuracy 6R,/R,<0.5% comparable to ST W i T
. 22 23 24 25 26 27 28
expected non-SM contributions. R,x10°

Pion decays:
- PDG’'08 average (1980s, 90s measurements):
R.=(12.30+0.04)x10~> (R _/R_=0.3%)

—> Future plans: TRIUMF proposal S1072,

OR. /R _=0.06% precision foreseen
Toshio Numao, PANIC'08 conference =
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A48/NA62: kaon physics at CERN

1997: ¢'/¢e: K +Kg

1998: K, +Kjq

: NA48< 1999: K +Ks |KeHI
@ discovery
of direct

2000: K, only |KsHI

¢¢¢¢¢¢¢¢
‘‘‘‘‘‘‘

2001: K +Kg |KgHI

NA48/1{ 2002: Kg¢/hyperons

e

2003: K*/K-

2004: K*/K-

Y

2007: Kt /KE ), [tests

NA62.

(phase I)f (2008: K,,/Kt,, [tests
NA62 phase I: Bern ITP, Birmingham, CERN, Dubna, Fairfax, F 20062011
Ferr_ara, Florence, Frascati, IHEP Pr_otvmo, INR Moscow, Louvain, NA62 design & construction
Mainz, Merced, Naples, Perugia, Pisa, Rome I, Rome II, Saclay, | 2012-2014:
San Luis Potosi, SLAC, Sofia, TRIUMF, Turin GPEEE 8 L K*>r*vv data taking
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NA48/NA62 K* beam line

Kaon decays in flight: beamline+setup are —~700 feet long



K* bea

Momentum selection
(74+£2) GeV/c

m line in 2007

0.6M kaons/spill (n/K—~10)

K* beam only used
during most of running time

&, u
TAX 17 TAX 18 o magnet %2 3 E
FDFD collimator DCH1 DCH 4T =
Defining Protecting |
collimators collimator "
. Cleaning
K+ I | collimator um
K+ K Decay volume
< 5 L P I
| o/ g é ' BM
setarget L)L+ ) 7 ! vacuum fbeam pipe
- & =
k k
5
~2.101 p/spill HH | -
400 GeV K- L Second v
achromat
DFDF e Cleaning
Front-end  Quadrupole °Beam sp;etl:ltrcc:meter Beams coincide within ~1mm
achromat  quadruplet Was Instalie all along 114m decay volume
T Focusing in 2003-04
e 1L Sweepin < vacuum . He tank >
H ping tank + spectrometer 10cm
lcm |—
1 L not to scale
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iMomentum spectrum and K sign

Beam momentum:

NA48/2 beam line: capable of delivering
simultaneous K*/K- beams (74 GeV/c in 2007)

Improvement of K_,/K ,
Kinematic separation

Kinematic ID of the K,, candidates: ﬂ
2 _ 2 N .
MP ..« = (Pxk — F) Optimization of M,_...2 resolution:

narrow momentum band

No beam spectrometer in 2007: beams (AP, RMS/P,=20%)
K K™

Py is not measured, beam average used

Kaon sign:
Beam halo background much higher for K_,~ (=20%) than for K_,* (—1%):

~90% of data sample: K* only.
~10% of data sample: K= only.

K* ONLY and K- ONLY samples: direct measurements of halo background
using samples of K, candidates of the sign not present in the beam.
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4L Data taking & detector: 2007/08

Data takl nq e vl‘:::irs::!eglorime‘ter
° FOUI’ monthS in 2007 Liq:iddkrypton calorimeter
. odoscope
1""4’00K SPS SDI“S, Drlﬂ :fhamb:.-r 47
~300TB of raw data e

Helium tank

e Two weeks in 2008:
special data sets allowing reduction of
the systematic uncertainties.

Drift chamber 3
Magnet

Drift chamber 2
Anti counter 6

Principal subdetectors for R, :

e Magnetic spectrometer (4 DCHS):
4 views/DCH: redundancy = efficiency;

Drift chamber 1

Ap’ p = 0.47% + 0-020%*p [GEV/ c] \ Kevlar window
. A\
e Hodoscope Vacuum beam pipe:
fast trigger, precise t measurement (150ps). non-decayed kaons

e Liquid Krypton EM calorimeter (LKr)
High granularity, quasi-homogenious; _
GE/E = 32%/EU2 + Q%IE + 0.42% [GQV]; e Filee) sl Decay volume

0,=0,=0.42/EY2 + 0.6mm (1.5mm@10GeV). atmospheric pressure 1S Upstrfgm

E. Goudzovski / UCL, 16 October 2009



lectromagnetic LKr calorimeter

[
e —
[

N

Al
it /
’4{'/: e ZEmx 2 cm Dep.rh: 27Xo

l Transversal segmentation: 13,248 cells (2x2cm?),
ho longitudinal segmentation.

In the present analysis used for
muon/electron identification
and as a photon veto. 11
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E «- energy deposit
HOD 5 oL EL Il A e Minimum bias trigger used
S (high efficiency, but low purity)
: | . coincidence .
: 4 ir?%he two planes K> condition: Q;x1TRK/D,
! > | downscaling (D) 50 to 150.
e© — - Purity ~2%
LTRK: very loose condition (rate dominated by the beam halo).
on activity in DCHs
against high multiplicity events Ke2 condition: Q1><E|_Kr><1TRK.
DCHs Purity ~10-°.
Control & E, , triggers ) E, « efficiency vs energy
gl » Efficiencies of the trigger components
0.8 are monitored using control triggers.

/KHZ & control triggers | 0. Sy e E ., inefficiency for electrons measured

o4 ithreshold to be (0.05+£0.01)% for p,..>15 GeV/c.
/EL“ el ] - Different trigger conditions for signal

and normalization modes.
L' Energy deposit, Gev Lz
0 20 40 60

0.2




Measurement strategy

(1) Ke2/K,, candidates collected simultaneously:

e the result does not rely on kaon flux measurement;

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

(2) 10 independent counting experiments in track momentum bins:
R — N(KeZ) o NB(KeZ) . A(KMZ) S fu N 8(KMZ) . 1
K N(sz) _ NB(KHZ) A(Kez) 2 1:e S g(KeZ) 1:LKr

N(Ke2), N(K,): numbers of selected K, candidates;

Ne(Ke), Na(K,p):  numbers of packground events; :>syr2$;r:n2(3r?g(:een~::rs
A(Ke2), A(K,): MC geometric acceptances (no ID);

lizg Lie directly measured particle ID efficiencies;

e(Kep)/e(K 2)>99.9%: E|, trigger condition efficiency;

f .k =0.9980(3): global LKr readout efficiency.

(3) MC simulations used to a limited extent only:
e Geometrical part of the acceptance correction (not for particle ID);

e simulation of “catastrophic” bremsstrahlung by muons.
E. Goudzovski / UCL, 16 October 2009
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Ke, and K, selection

Large common part (topological similarity) ‘o 908" Missing mass vs momentum, data
> i .
- one reconstructed track; 8 o electron hypothesis
e geometrical acceptance cuts; AT Ku2
e veto extra LKr energy deposition clusters; o.0ak
e track momentum: 15GeV/c<p<65GeV/c; i
e decay vertex defined as closest approach o Ke2
of track & nominal kaon axis. -
Kinematic separation 002 -~Poorseparationat highp
0 10 20 30 40 50 60 70
missing mass M’iiss = (PK — H)2 Track momentum (GeV/c)
. - 103 ] 0g scale Data
Py : average measured with K, decays 9 Electrons

~> Excellent K.,/K , separation at p,,,,<25GeV/c 1¢

: : o°
Separation by particle 1D 1

E/p = (LKr energy deposit/track momentum).
0.95<E/p<1.10 for electrons, 10°
E/p<0.85 for muons. .

T i i t - f_ 6
- Powerful u* suppression in e* sample: f~10 s e e e 1
E. Goudzovski / UCL, 16 October 2009 E/p: Energy/Track momentum
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‘.LK“Z background in the K_, sample

Background source:

“Catastrophic” energy loss by muons in LKr.
Muons with E/p>0.95 are identified as electrons.
P(u—e) ~ 3x10-° (and momentum-dependent).

P(u—e)/R, ~ 10%:
K,» decays represent a major background

Direct measurement of P(u—e) is required o 0 SR
(based on pure muon samples) to validate : _
theoretical bremsstralung cross-section Th.len‘eSS- 10X, (Pb+.Fe)
: S : Width: 240cm (=HOD size)
in the very special high (E /P ) region. Height- 18 -3 :
Phys. Atom. Nucl. 60 (1997)576] |5 o ™ c ) GO
[Phys. S Area: ~20% of HOD area
Obtaining pure muon samples: Duration: ~50% of Ry runs
Pb wall (~10X,) between the HOD planes. + special muon runs

Tracks traversing the wall and having E/p>0.95
are pure muon samples (electron contamination <1077),
with the p—e decay component (initially ~10-*) suppressed. 15
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K. background (2)

P(u—e): measurement (2007 special muon run) vs Geant4-based simulation
[Cross-section model:

-6
=650 | Mis-ID =) U HEE (ML Phys. Atom. Nucl. 60 (1997) 576]
T F [-pata (P wal I,
£ °F |-e-mcEowan | mGde' Va“dat'on o Excellent data/MC agreement
5.5 ;_ -.- MC {n:u Pb w:all} ................ ................ ............ ......... - . ............. for the Pb wall installed!
s AL T b ey is modified by the Pb wal
asb @ al Viatwo competing mechanisms:
S U N e v L S 1) ionization losses in Pb (low p);
4; 2) bremstrahlung in Pb (high p).
3-5;_ .................................... 9 a S|gn|f|cant MC Correct|0n
3:_ .................................................................................................................................................
: backgfound Subtract'on Result: B/(S+B) = (6.28+0.17)%
2-5 ___. 2 S S S _. ................................................. X N
- o \l,analysus momlenfum ran e\l, | | | o (.:.mger"falnfg/;}s‘ d;e:o |
210 20 30 40 50 60 70 80 90 doo oM S';io I'de Ta a sample
Track momentum, GeV/c Usedio VG,' v
Prospects The CPOSS‘S@CTlon mOdel)

e The 2008 special muon sample is twice as large as the 2007 one;
 Muons from regular K ,, decays from kaon runs with the Pb wall installed. 16
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i K. With p—e decay in flight

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

P(K,, u—e decay)/R, — 10
K2 (L—€) naively seems a huge background

p2’

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

cos®

d?I"/dxd(cos®) ~ x?[(3—2x) — cos®(1-2x)]

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

max

(all guantities are defined in muon rest frame).

Result: B/(S+B) = (0.23+0.01)%

Important but not dominant background

E. Goudzovski / UCL, 16 October 2009

Michel distribution
1 5 : : g 1
cos® Vs X

(n rest frame)

% 010203 0405 06 0.7 0.8 0.8
X=E/Eax

Only energetic forward electrons
(passing M, ..., E/p, vertex CDA cuts)
are selected as K., candidates:
(high x, low co0s®).

They are naturally suppressed
by the muon polarisation




Radiative K*—e*vy process

By definition, Ry is inclusive of the
IB part only of the radiative K,,, process

Photon energy in K frame: IB and DE

IB TA SD 7 = :
Ve Ve - é é

Arbitrary scale
—
=]
|

—
o
r

e The SD process treated as background. SD

(=structure dependent)
ChPT O(p®) FF presented

* Kep, (SD) Is not helicity suppressed,
and its rate is similar to that of K_,.
e Known to a limited precision of ~15%.

(NB: a very recent 4% precision measurement
arXiv:0907:3594 is not used in the present analysis)

—
o
i.a

10
IB (soft collinear photons)

-5
107, 250
E,, MeV

Experiment: BR=(1.52+0.23)x10°
(average of 1970s measurements)

Theory: BR=(1.38-1.53)x10=> [PRD77 (2008) 014004]
(uncertainty due to a model-dependent form factor) 18
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K*—e*vy (SD) decay

. dI'(K—evy) ]
DL Qe dxdy — /OIB(X: Y) + /)SD(Xa y) + /OINT(X: Y)
Kinematic variables | helieitastippriessed negligible
(kaon frame): * = 2B, /Mg, vy = 2E¢/Mk

}Q- Vs 2(-' o . . 2r iy : 2f ,
psp(x.y) = - F(‘Mﬂz‘ “My ((fv + fa)? fspy(x,y) + (fv — fa)* fsp_(x,¥))
y 1: - ,
Two non-interfering contributions SD* and SD: 0.8} \’/

emission of photons with positive and negative helicity o}

fy(x), fo(X): model-dependent effective
vector and axial couplings “lxy): Ko, (SDY)

O 02 04 06 08 1
SD™: positive y helicity SD-: negative y helicity Y ‘"

S, Se S, Se 0.8}

P, <€ > ® > > P, P, <€ > o = >Pe o6
P, < ————— << > P, 0.4f \

SY Sy 0.2}

{(x.y) K., (SD)x5

E. Goudzovski / UCL, 16 October 2009 0O 02 04 06 08 1 ¢




K*—e*vy (SD*) background

0.25 KEZY_(SD) Da:1||tz plOt_d'Str'buF'on Only energetic electrons (E,">230MeV)
> }—> are compatible to K., kinematic 1D
@d and contribute to background
L 0-2 ....................................................

(R T — — | - This region of phase space is
5 5 accessible for direct BR and
form-factor measurement
(being above the E."=227 MeV
endpoint of the K_; spectrum).

0.1

SD component

0.05_ ChPTO(,pé) .................. _. ......................... , ........................

" form factor with measured |
- kmemcmc depenqence (ar'le 0907. ?594)

SD background contamination

o005~ 04 045 02 025
£ Gev B/(S+B) = (1.02+0.15)%
K.2, (SD) background is negligible, (uncertainty due to PDG BR,
peaking at low E, = E,,,/2 ~ 123 MeV to be improved by NA62 & KLOE)

20
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Beam halo background

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

Reminder

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

* Halo background in the K , sample is considerably lower.

e ~90% of the data sample is K* only, ~10% is K= only.

e K* halo component is measured directly with the K- sample and vice versa.

x10° K* , decay Z vertex

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

(o |

3eam halo directly measured
vith the K= only sample

300

<

250
The selection criteria (esp. Z ) are optimised

to minimise the halo background. 200
150
B/(S+B) = (0.45+0.04)% e
( ) ( ) 1005 (IOW Ptrack) (hlgh Ptrack)
Uncertainty is due to the limited size 50
of the control sample. E L | |K. |
%o 0 20 40 60 80

E. Goudzovski / UCL, 16 October 2009 4



Backgrounds: summary

Statistics in momentum bins

8000 ——
~ ! : : ! | —— K" e didat
- i i 5 | —— K+j}ﬁ; candidates || Background summary
TOOO—-f-ommortmoremdieeeeedeeneeniee e K%y (P e*) 25 || Source B/(S+B)
- i i i i . | =@= K"—e*vy (SD") x5
60000 o™ na i .| ~@= Beam halo x5 K2 (6.28+0.17)%
- Ne——e 1 K (n—€) (0.23+0.01)%
T SSNR SO s S Kz, (SD*) (1.02+0.15)%
’ o b b N Beam halo (0.45+0.04)%
4000 K. 0.03%
3000 Ko 0.03%
Total (8.03+0.23)%
2000
1000F Record K., sgmple:
51,089 candidates

0520 25 30 35 40 45 50 55 60 65 | Withlowbackground
Track momentum, GeV/c B/(S+B) = (8.0+0.2)%

(selection criteria, e.g. for Z, ..., and Ms%,
are optimised individually in each P, bin)

22
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‘_L Ke,: partial (40%) data set

' Ke, candidates
=e=Data @} : :

6000

B K"—m"v 5
CIK sp*v (u*—eY)]
B K" —e*vy (SDY) |
Bl Beam halo
[ IK*—>nl%*v

...................................................

5000

4000

3000

2000

1000

.04

-0.03 -0.02 -0.01

0 0.01 0.02 0.03

Mz (e), (GeV/c?)

51,089 K*—e*v candidates,
99.2% electron ID efficiency,
B/(S+B) = (8.0+0.2)%

cf. KLOE: 13.8K candidates (K* and K°),
~90% electron ID efficiency, 16% background
E. Goudzovski /UCL, 16 October 2009

10°

103

107

=o= Data
[ K+—>p"v

LK —utv (—eh)] |

Bl K*—e*vy (SDY)
Bl Beam halo
L IK*—>nl%*y
B K*—n*n0

0.04 -0.08 -0.06 -0.04 -0.02

_____________________________________________

......

Log scale

[ 1|
0.02 0.04 0.06 0.08
M- ...(e), (GeVicT)

NA62 estimated total K,, sample:
~120K K* & ~15K K" candidates.
Proposal (CERN-SPSC-2006-033):
150K candidates
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K..: partial (40%) data set

n : K, candidates

" |- Data s s 5 é
1']6%_ |:|K+—)Ttuu+\' ﬁﬁ’ """""

- =Bgam+haln g g g g 15.56M candidates

N Dﬁ*jﬁ*f B - e e with low background

10— [ B/(S+B) = 0.25%

: | g | g g g (K, trigger was
10% A Al s S B pre-scaled by D=150)

= : : ¥ N

- ' o

10° The only significant
background source

102 IS the beam halo.

-0.08 -0.06 -0.04 -0.02 0 0.02 2.04 0.06 9.203
M- ... (1), (GeVic?)

24
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Electron ID efficiency (f.)

Measured directly with samples of pure electrons:

e K*—>nle*v from main K* data taking

Measurement of f,

(limited track momentum p<50GeV/c); B

» K —>ntetv from a special 15h K run 10 " electrons + muons (from Ky
. 4i ® muon spectrum (from 'ﬂlz)
(Wlder track momentum range, 1073 = corrected electron spectrum

due to broad K, momentum spectrum).

Measurement with Kt>r%e*v decays: 102l

e Selected event sample consists of
Kft—nle*v and some K*—nrlu*v events;

e To subtract the muon component,

10

—

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

(=] HIHH| IIHHH‘ \IHHII| [ R e ]

normalised muon E/p spectrum measured
using the K , sample is used.

Measurement with K —m*e*v is more difficult:
the pion component also contributes to the spectrum.

Excellent agreement between K* and K, methods.
Average f,=99.15%, precision <0.1%, weak momentum dependence.

E. Goudzovski / UCL, 16 October 2009
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LKr inefficiency map

LKr efficiency is monitored vs time for every 2x2cm? cell within acceptance.
A typical example of the inefficiency map is presented below.

g :CPD 0 16 32 48 64 80 96 112 128 144 160 176 192 208 224 240 ‘o Colour Code
>1~00 — i | i *1 Ineff < 1.2%
- 14 *2
L +3 Ineff=(1.2 - 2)%
| +4
50— -
| 4 +5 Ineff = (2.0-4.0)%
B +6
- ar +7 [ Ineff = (4.0-10)%
0 +8
- *s [ ineff>10%
| +10
-50 [ 1 Loose cable beween
| +12
B K . 3 [T] spcp 10:14810
100 ' ' +14
B +15 |:| SDCP 18:14A9
H= | | | | | | | | | | | | | | | | | |

-100 0 100 200 X, cm

Higher inefficiency is at low momentum - room for optimisation 5g
E. Goudzovski / UCL, 16 October 2009



Other systematic effects

: : Geometric acceptances
Geometric acceptance correction 00(;2:5 £
. ) = ®
* Puack-dependent, A(K ,)/A(Ke)~1.37 g 026f R 3 2 K2
e strongly affected by the radiative (IB)  ¢.02s" /__h* .
corrections to K_,; 0.022f ,Xo——-o—-ﬂ\::\\ .
IB process simulated according to 0.02F / \g\\'\ ------ ®
V. Cirigli d I. Rosell - d/ e
. Cirigliano an . Rosell, 0.018F J K (tree-le\/el) ‘\\b
Phys. Lett. 99 (2007) 231801 00165 R (Ne2 \\\
e conservative systematic uncertainty 0'0 1k Ny K (1B) e
. O [ l‘e l‘e L N
for prelim. result: 5R,/R,=0.3%, due to .,k ! ~
approximations used in IB simulation. T

Track momentum, GeV/c

Trigger efficiency correction Global LKr efficiency

* By efficiency directly affects Ry; - Also affects the result directly;

: monitore(:_with cc;ntroltf[rigger s?n_’]ptles; e f .. =(99.80+0.03)% is measured directly
conservative systematic uncertainty using a parallel (‘spy’) calorimeter readout.
for preliminary result: 6R,/R=0.3%

(due to dead time generated by accidentals).

27
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Preliminary result (40% data set)

R¢ = (2.500 % 0.012, + 0.011,,) x 10-°
= (2.500 % 0.016) x 10°5

(announced
in June 2009)

< Independent measurements Uncertainties
gy P T T in track momentum bins sSource ORyx10°
g T | | | | | | Statistical 0.012
2 | K. 0.004
Ez.ssz— """""""""""""""" I A B Beam halo 0.001
@ 9 : : +
B - 1 Kez, (SD*) 0.004
e I 1 1 Electron ID 0.001
= F 1l i lirill IB simulation 0.007
2'45:_""'7 """" Acceptance 0.002
- Uncartamtl.as.mdlcated: | B 5 5 Tfi%er tlmlng 0.007
24— I:I statistical+K ,+halo R S A . .
| ] ot 5 5 5 | | Total 0.016
:....i....i....i....i....l....I..l.l..uil.ull... (O.64°/opr‘ecision)
2335 20 25 30 35 40 45 50 55 60 65

Track momentum, GeV/ic  The whole 2007 sample will allow
statistical uncertainty ~0.3%,

total uncertainty of 0.4-0.5%. 28
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Comparison to world data

March 2009 June 2009
PDG'08 M March'09 average PDG'08 #—— June'09 average
Clark (1972)
® . Clark (1972)
o Heard (1975)
Heard (1975)
S Heintze (1976) ®
NAA48 (2005 Heintze (1976
—— prelimim!ry, zuo:.*} data ® ( )
® E&inane!r%uz?g} data KLOE (2009)
Eidn final result
KLOE (2007)
@ preliminary (obsolete)
OF (2005 ol NAG62 (2009)
KL relimi
- final reSu'I:t ) preliminary
| | LML | | | | | | o | | | |
2.2 2.3 2.4 2.5 2.6 2.7 2.8 5 2.2 2.3 2.4 2.5 2.6 2.7 2.8 5
Rkx10 Rix10

— (NA48/2 preliminary results
World average SRyx10° Precision excluded from the new average:

March 2009  2.467+0.024  0.97% they are superseded by NA62)
June 2009 2.498+0.014  0.56%
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i Ry: sensitivity to new physics

(M, tanfB) 95% exclusion limits

Exclusion limits at 95% CL 100
derived from the new Ry world average <
are presented. i

80

For non-tiny values of the 60

LFV effective mixing A,
sensitivity to H* in R,=K,,/K ,

IS better than in B—>tv -

-3
L Au<1x10

_ B A <5107
Ry measurements are currently in agreement o <110

WIththeSMeXpeCtatlonat~1.56. |IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
Any significant enhancement with respect 0 200 400 600 800 12000
to the SM value would be an evidence Charged Higgs mass [GeV/c?]

of new physics
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The future of NA62: K.,

K*—n*vv: theoretically clean, sensitive to NP, almost unexplored

Branching ratio x101° n ; CKM unitarity triangle with kaons

Theory (SM) | Experiment
K —>mlvv 0.28+0.04 <670 (90% CL)

BR(K*—>n*vv) ~ |V Viyl?

e Ultra-rare FCNC process, proceeds

3 T T T

via penguin and loop diagrams only. 77

. . . O.~. of
 Hadronic matrix element is Ky —orvv: 2
extracted from K+*—nle*v. n <17

1k
. . . 0 - I
- Exceptional SM precision not matched K, — m ¢’e

by any other loop-induced meson decay. n<33 0

« Uncertainties mainly come from  k, — n’u*u
charm contributions. 7<54

iy 3 S
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Sensitivity of New Physics

el L1gd [2c] BR(K*—>n*vv) x1010: selected models
B, 1.8x B, 3.0x B,
1148 /[/// 27 SM 0.82+0.08
103.6 Exeluded area : M FV 1 91
B 024 Grossman-Nir bound (hep-ph/0310208)
=T // EEWP 0.75+0.21
»
—~ 70.0 (NPB697 (2004) 133,
= // hep-ph/0402112)
= . sm
;'\H‘ 47.6 // Aol % //// EDSQ up to 1.5
= a6 f 469"” PRD70 (2004 :
25.2 ] ‘ 7 I//////////% 9x By,
14.1 ///;(_4 J - EFT.(s) ////////% 5x B, MSSM Up tO 40
29|/ B Bt S - 7o 0. 7 g (NPB713 (2005) 103,
58 80 102 124 14.6 168 19.0 212 234 256 278 hep-ph/0408142)

B(K'->T' vw) x 10
e Large variations in predictions for New Physics.

 Need a 10% precision measurement to provide a stringent SM test.

The NA62 collaboration aims to measure O(100) K*—>n*vv
candidates with ~10% background in 2-3 years of data taking

32

E. Goudzovski / UCL, 16 October 2009



NA62 experiment (phase II)

Not to scale!

HAC

- 5 4
Unseparated kaon beam: e M RICH M}W

75GeV/c, 800MHz, kaons: 6% | —W{IFT N

TAX Ach t2
Tjﬂgﬂ'f rom+a p ____..--""
e[} K <75 GeV__—" Il
_i_l__;m -, E:::"""--..____
| VACUUM T TSIIot-4 ]
Achromat 1 E I ! \_"
1 =Mz bt K- decays \
GIGATRACKER * N
V™~

ANTIO
» Ultra-rare process, two undetectable neutrinos: A
i i P
herm_etl_c \_/et_o and redundant measurements are required. ¢, .\ hamber
e R&D is finishing, subdetector construction has started.

.,

| TRC~= '-= Iron
| y

Y LKr
S

» Approved by the CERN research board in December 2008;
e Reviewed by PPAP in July 2009;
e Sol to be submitted to PPAN in November 20009.
Signed by four institutes: Birmingham, Bristol, Glasgow, Liverpool. 33
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NA62 event display
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Conclusions & prospects

« Due to the helicity suppression of the K, decay, the measurement
of Ry Is well-suited for a stringent test of the Standard Model.

» NA62 data taking in 2007-08 was optimised for R, measurement,
and increased the world K_, sample by an order of magnitude.
Excellent K.,/K , separation (>99% electron ID efficiency and
~10% muon suppression) leads to a low 8% background.

» Preliminary result based on —40% of the NA62 K_, sample
Ry = (2.500+0.016)x10> reached a record 0.7% accuracy,

and is compatible with the SM prediction.
Timely result: direct searches for New Physics at the LHC are approaching.

e Future of NA62: stringent SM test by measurement of the ultra
rare decay K*—n*vv with 10% precision, excellent prospects for
R measurement at 0.1% level, extensive rare decay programme.
35
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