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:LK physics in the new Millennium

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

Significant progress in many fields in the recent years:

e Direct CP violation (€'/€);
e Precision determination of |V |;
e Precision tests of the Chiral Perturbation Theory;
}This talk

o<l

e Searches for Lepton Flavor Violation;
e Searches for New Physics in very ultra-rare decays.
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CERN NA48/NA62 experiments

Earlier: NA31

1997: &'/ K +Kg

1998: K, +K

I NA48< (1999: K +Ks [k Hr

o = o BN discovery

- Switzerlan R ) Of direct [ [2000: K, only | K HI

2001: K +K; |KsHI

2002: Ki/hyperons

2003: K+/K-

2004: K+/K-

2007: K*,/K* , |tests

(R phase)t 2008: K=,,/K* , |tests

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, NA62-
San Luis Potosi, SLAC, Sofia, TRIUMF, Turin 2012: first data taking
.

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

(2007-2013:
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iCERN: decay-in-flight technique

2003-: experiments with charged kaon beams W ’

Narrow momentum band Kt beams:
P.= 60 (74) GeV/c, 6P, /P (RMS) ~ 1%,

e NA48/2: six months in 2003-04;
e NA62 (R, phase): four months in 2007.

Principal subdetectors: =
e Magnetic spectrometer (4 DCHs): . Linid kyptonclormetr

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

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

e Liquid Krypton EM calorimeter (LKr) r \
High granularity, quasi-homogeneous; Vacuum B oo
o/E = 3.2%/EY2 + 9%/E + 0.42% [GeV]; beam pipe N e
6,=6,=4.2mm/EY2 + 0.6mm (1.5mm@10GeV).

Hodoscope
Drift chamber 4
Anti counter 7

Helium tank
Drift chamber 3
Magnet

Drift chamber 2
Anti counter &
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Leptonic kaon decays
(Kt—>l+v)




LLeptonic meson decays: P*—!*v

Angular momentum conservation = SM contribution is suppressed

G2 MpM? M2\ > - e’ u'
F(P—l__*l—l_’/): e (1_;) f12-"’|Vc;.*q»'|2 = g
87 Mg N W+
K ________
Models with 2 Higgs doublets (2HDM-II including SUSY): and H*?
sizeable charged Higgs (H*) exchange contributions. u v v
2 — el
et | () IO
SM 7 DL — — ou, PRD48 (1993) 2342,
PSM(PE — ) Mp ) 1+eotan | | 1gidori, Paradisi, PLB639 (2006) 499

nt—lvi  |Al/Tgy| ~ 2(m_/my)> my/(m,+my) tan?p ~ 10
Kt—>lv:  |AT/Tsyl ~ 2(m/m,)? tan?p ~ 1073

» O
L5
THTT

.. obstructed by hadronic uncertainties (f;)

H= exchange in Bt—>t*v: UTfit; PLB687 (2010) 61

BaBar+Belle:  Br,,,(B—>tv)=(1.64+0.34)x10™
(HFAG, August 2010)

Standard Model: Br¢y(B—1v)=(0.79+0.08)x10~*
(UTfit, M.Bona, EPS 2011)
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Observable sensitive to Lepton Flavour Universality violation:

4 2
MNK* —efr) m?2 [/m%-— m? o corT
Rk = — = — - 5 (1 + 6RK™)
IN'K= — p=r) 2 m2 \mj — m?2
‘ / ! K 1 \ — .J
SM T Radiative correction

0)
Helicity suppression: f~10-5 el ber, (120 )

vV e
—> ——
@ - O ~ @ +
Ve Kt ot 5 e,
e SM prediction: excellent sub-permille accuracy: K" WY 5
free of hadronic uncertainties. : and H*
u
e Measurements of R, (and R ) have long Vo, Vv,
been considered as tests of LFU.
e NP contributions accessible experimentally R>M = (2.477+0.001)x107
due to the suppression of the SM value. Cirigliano, Rosell,
PRL99 (2007) 231801 7
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‘_L Ry=Ke,/K,> beyond the SM

2HDM - tree level
K, can proceed via exchange of
charged Higgs H* instead of W+ @.g'gs')" . o =
- Does not affect the ratio Ry

2HDM — one-loop level
Dominant contribution to R,: H* mediated [Masiero, Paradisi, Petronzio,
LFV (rather than LFC) with emission of v_ PRD 74 (2006) 011701,

> R, enhancement can be experimentally accessible JHEP 0811 (2008) 042]

my m?
1+ K T | |A13|?tan® 3| =) sensitive to slepton mixing
I‘v‘ILIl_Ii M2

(Sne utrino)

LFV . RpSM

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

Limited by recent B.—p*u~ measurements
[Fonseca, Romdo, Teixiera, arXiv:1205.1411]

Sensitive to SM extensions with 41" generation
[Lacker, Menzel, THEP 1007 (2010) 006] 8
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L

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

A Y
IB y,, - SD I,,\ ot
K+ K+

Ve Ve

SD*: positive y helicity SD—: negative y helicity
S, Se S, Se
P, € : ® : > P P, € ; ® : > Pe
p, € > P
Y Y

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)

B/(S+B) = (2.60+0.11)%
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Arbitrary scale
e

107

10

10°

(=structure dependent) |

IB (soft collinear photons)

E,, GeV



Ke2 VS K, selection

“E 0.06 Missing mass vs lepton momentum

E Electron mass hypothesis

Kinematic identification =, 0.04 P=74GeV/c
£ K., (data)

missing mass | M2 . = (Px — F;)? = 0.02

N\
@
N

Py : average measured with K5 decays
0

1

~
o
Q)
—
Q

— Sufficient K ,/K , separation at p, ., <30GeV/c e
002~ -Poor separation at high p

0 10 20 30 40 o0 60 70

Track momentum (GeV/c)

Data

10 Log scale

Electrons
Lepton identification 10°

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 it suppression in e sample (~106) '*

10°

0.2 0.4 0.6 0.8 1 1.2
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L K, background in K, sample

Main background source

Muon ‘catastrophic’ energy loss in LKr by
emission of energetic bremsstrahlung photons.
B 3x107° (and momentum-dependent).

P/ Rg~ 10%:
K,» decays represent a major background

Direct measurement of P .

Pb wall (9.2X,) in front of LKr: suppression of
~10~* positron contamination due to p—e decay.

K> candidates, track traversing Pb, p>30GeV/c,
E/p>0.95: positron contamination <1078,

P is modified by the Pb wall:

—> ionization losses in Pb (low p);
~, bremsstrahlung in Pb (high p).

1[

The correction f,,=P /P . is evaluated
with a dedicated Geant4-based simulation
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.

HOD(V)
Thickness:
Width:

Height:
Area:
Duration:

HOD(H)

9.2X, (Pb+Fe)
240cm (=HOD size)
18cm (=3 counters)
~20% of HOD area
~50% of R, runs

4 data samples with different
background conditions:
K+*(Pb), K*(noPb),

K-(Pb), K-(noPb).
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Muon

P.. vs momentum (Pb wall installed)

m=5.5_

< [INAG62
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Muon momentum, GeV/c

Result: B/(S+B) = (5.64+0.20)%

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

Correction for Pb: fp,=P /P ™

< 1.15¢ .
1 SV MC precision
En 1-1:_....*..--‘_;-: ..... ................ prb/fpb — 20/0
& 4.05F N 5 5

Q

; 1

(a R

'50.95

0.8

0.75

Il'ql]I . I2|l]I - I3|l]I N I'rflll]I . Il"&ll]I . Iﬁlﬂl . I':"l]
Muon momentum, GeV/c

Uncertainties:

limited control data sample (0.16%),

MC correction 5fp, (0.12%),

M2, s VS Psqck correlation (0.08%).

Stability checks: 12

vs lower E/p cut, upper HOD energy deposit.




-+ K., sample

- —#— K*'—e*v candidates
105;l Kes candldate_s ______________ e 9000} Backgrounds |~ x K+:“+:x5 '

== Data - = K op*v (L —e*) x50
B Kyt | 8000 example: K*{noPb) | = Kk*-e*vy (sD*) x5
[ K'=pv (i —e)

== Beam halo x5

- Ki—}Ei\-’T {SD+] TUUU :_ ............................................................. T e
jotPseamnae | 4 | :

[ ] Krsntesv : 6000

B K:—mint [

5000

4000
3000
2000

1000

10%E

Log scale

60
Lepton momentum, GeV/c

-0.06 -0.04 -0.02 0 o.g‘% m&ﬁ&%‘?cﬁz)z Source B/(S+B)
K, (5.64+0.20)%
145 958 K*—e*v candidates. Ko (u—€) (0.26+0.03)%
Background: B/(S+B)=(10.95+0.27)%. Ke2, (SDF) (2.60+0.11)%
Electron ID efficiency: (99.28+0.05)%. Kean) (0.18+0.09)%
K?n-(D\ (O 12i006)0/0
cf. KLOE: 13.8K candidates, Wrong sign K (0.04+0.02)%
~90% electron ID efficiency, 16% background Muon halo (2.11+0.09)%
E. Goudzovski / FPCP 2012 / Hefei, 23 May 2012 Total (10.95+0.27)%




K., sample

N CEIENEEIE T ... in lepton momentum bins
ENAR 25007 -
ENAGZ ;a?t_;u“w =8~ K'>p*v candidates
B LK a0 ™ i ; ! == Beam halo x10
PY IS W TN O A (N T TR W Pomensr i, - j ; ;
10 = . | Beam halo 2000__ _______ D O CT NAﬁz
- K oy [ s s s
] - 15001 example K+(non) 5 : g
P i S SR SN S SN [OOSR SRS SR S—. _ _______
] P17 RS SRS S S — -
1045_ ............................................... : : : : : :
YRS N S S S——
10° i X]_O | | | |
o_l | | | | | |
-0.08-0.06-0.04-0.02 0 0.02 0. 04 0.06 0.08 0. 1 20 30 40 50 60
_(n), (GeVic?? Lepton momentum, GeV/c

42.817M candidates (pre-scaled trigger).
B/(S+B) = (0.50+0.01)%,
background dominated by beam halo.

14
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i The result (full NA62 data set)

R¢ = (2.488 % 0.007,, + 0.007,,,) x 105
= (2.488 % 0.010) x 10

Fit over 40 measurements (4 data samples X 10 momentum bins)
including correlations: y2/ndf=47/39.

Uncertainty source SR,x10°
% 26030 Ri Vs lepton momentum |—— R¢ vs data sample |siatistical 0.007
X!253;— ............................................................................................................................................................. | o KMZ background 0.004
%2'562_ _____________________________________________________________________________________________________________________________________________________________________ Kt—etvy (SD*) 0.002
§2_542_ ......................................................................................................................................................... p K i—)TCOeiV, Ki_)nino 0.003
%2.522_ .................................................. { .............................................. S U I Beam halo background 0.002
E 254 oo S | I [ . Matter composition 0.003
22_43; « T ¢ ¢ 1 ° Acceptance correction  0.002
2463_ ................................................................................................ :: ............. * T Y DCH allgnment 0'001
Y T S e Electron identification ~ 0.001
N I 1TRK trigger efficiency 0.001
2.42__ .................................................................................................................................................................................................................................................................................. L.
- | | Integlrated over data sampfes Integrated over lepton momentum| LKr readout EffICIeI"ICY 0.001
24—
20 30 40 50 60 Data sample Total uncertainty 0.010

Lepton momentum, GeV/c

Partial (40%) data set: PLB 698 (2011) 105.
Full data set: paper to be submitted in summer 2012. 15
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PDG 2008 — July 2011 average
o Clark et al. (1972)
- Heard et al. (1975)
o Heintze et al. (1976)
KLOE (2009)
|_P . = PDG 2010
opo
NAG62 (2011)
full data set
SM
|III|III‘|IIII|IIII|IIII|II
2.3 2.4 2.5 2.6 2.7 2.8
R,x10
World average ORyx10° Precision
PDG 2008 2.447+0.109 4.5%
July 2011 2.488+0.009 0.4%
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Ry world average

c 3 2HDM-II
Sg0 § R, =2.488(9)x10

Rk: 95% CL exclusion

20 - M A=1x107°
10 b—ssy B A, =5 m::'
excluded B A,=1x10

UU 0.1 0.2 0.3 04 05 06 0.7 08 09 1
H" mass, TeV/c?

Other limits on 2ZHDM-IT:
PRD 82 (2010) 073012.

SM with 4 generations:
JHEP 1007 (2010) 006.
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Chiral Perturbation Theory
tests: Kfomtyy

NEW
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- Kt—mtyy: introduction

ChPT description:
Rate and spectrum depend on

>
Q
g . 9
a single unknown (1) parameter C. 5 %3}
g
=

Leading contribution at O(p*) loop:

- cusp at 2r threshold u.zi
[Ecker, Pich, de Rafael, NPB303 (1988) 665] o.15F
O(p®) “unitary corrections” “-1;
increase BR at low ¢ and 0.05F
result in a non-zero rate at m_—0. o
[D'Ambrosio, Portolés, PLB386 (1996) 403]
0.35
Experimental status: 3
e BNL E787: 31 candidates, g »3

BR=(1.10+0.32)x107°. [PRL79 (1997) 4079]® 0.25

x107!

ChPT O(p*)

dr/dz vs z

=102

0.1 0.2 03

ChPT O(p®)

(O(p®) full kinematic range) u-zi
 NA48/2 main data set: measurement %15
hindered by low trigger efficiency. 0.1
e New strategy: minimum bias trigger 0.05F
samples from NA48/2 and NAG62. 0
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Minimum bias data samples

NA48/2 (2004) NA62 (2007)

120 120

-t Da.ta

_________________ m DK o |

—— Data

_________ DK—:-M%" 1 100

100 K —Hl:ii'tu{'}f}

I K*>ntn®(y)
é [ K*>ntyy
3 mon’rhs with

~ downscaled
...... Tr'igger'(szO)

30 ........ ................................................................. En

: (3 dGYS)
................................ 60

60

40 ................................ 40

20 ................................ 20

III|III|III|I-I—I-.-'—|-I-II!III

1 1 | 1 1 1 1 | 1 1 . 1 1 | 1 1 1 1 | 1
0 0.4 0.45 0.5 0.55 0.6 0 0.4 0.45 0.5 0.55 0.6

M(rtyy), GeV/c? M(rtvy), GeV/c?

K, candidates 147 K _,, candidates 175
sz, background 11.0+0.8 K, ., background 11.1+41.0
K3, background 5.9+0.7 K3, background 1.3+0.3
K., signal 130+12 K., signal 163+13

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




K—smtyy: ChPT fits

NA48/2 (2004) NA62 (2007)
Zmn — Data 1)) 0 Errrmee—" Zmn ------------- —e Data
________________________________________________ i [ I
EK ST | o5 o K > r’(y)|.
20 ........................................................................ |:| Ki%ﬂiw

[ 1 ] o | 1 | |II | I I e e e N N N N P B e e e e N
.1 015 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 .1 015 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55
z=(m,/my)? z=(m, /m)?

- Visible region is above the K*—>n*r® peak: z>0.2, or m >220 MeV/c?.
- Cusp-like behaviour at 2m_ is clearly observed.

K5, amplitude parameters: Bijnens, Dhonte, Borg, NPB648 (2003) 317 20
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Kt—ntyy: fit results (1)

PRELIMINARY NA48/2 (2004)
ChPT O(p%):
¢ = 1.36+0.334,0.07, . = 1.36+0.34
ChPT O(p®):
¢ = 1.67+0.39,,,0.09, ¢ = 1.67+0.40

PRELIMINARY NA62 (2007)
ChPT O(p%):
¢ = 1.7140.29,+0.06,,¢ = 1.71+0.30
ChPT O(p®):
& = 2.2140.314,#0.08,,, = 2.21+0.32

[D'Ambrosio, Portolés, PLB386 (1996) 403] ﬂ

PRELIMINARY Combined
" (correlated uncertainties)
ChPT O(p) fit: NEW: May 2012
C = 1.56+0.22,,+0.07, = 1.56+0.23
ChPT O(p®) fit:
C = 2.00i0.24stati0.09Syst = 2.00+0.26
BR = (1.01+0.06)x10°° (model-dependent BR)

PDG (=BNL E787): BR = (1.10+0.32)x10°6,

E. Goudzovski / FPCP 2012 / Hefei, 23 May 2012
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Kt—ntyy: fit results (2)

,51_3:;:10"" R BR(KESTHy) VS €| g 35x107 | dr/dz vs z
R e e S R B - 0(p6) =2.00
=A1. ' ’

m

0.2 ' ' '
: | | |(+1cs|m’rer*|vals !lndlccil‘red) | | |
3 2 a4 0 1 2 3 4 % 01 o0z 03 04 05
C Z

- Total number of candidates (NA48/2 and NA62): 322.

- Background contamination: (9+1)% due to K*—>n*n9(n%)(y) with photon fusion.
- Very low systematic uncertainties.

- ChPT O(p*) vs O(p®) models cannot be discriminated. 29
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The Holy 6rail: K—»>nvv
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K—nvv: introduction

Theoretically clean, sensitive to new physics, almost unexplored

SM branching ratios
(Brod et al., PRD83 (2011) 034030)

th g!trﬁ-rir(e:th/Tcays Wlth- : Mode BRc,x 1011
Ai 9 35 . \S,Li'?resiogg K—mrwi(y) | 7.81%0.75+0.29
(Me/Mu)*[VesVial K, >0V 2.43+0.39+0.06

i 1

SM: box and penguin dlagrams CKM parametric  Intrinsic

\:\vwlimm} : W d S uet d
u,c,t u.c.t
u.c,ty 1€, 4, T
e WWWWAK_
d A/ 1% % vV v v

e Hadronic matrix element can be related to measured quantities (K—nev form factors).
e SM precision surpasses any other FCNC process involving quarks.

e Measurement of |V,,| complementary to those from B-B mixing and B%—py.
e 5BR/BR=10% would lead to 5|V 4|/|Vi4l=7%.

E. Goudzovski / FPCP 2012 / Hefei, 23 May 2012
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K*—n*vv: BNL E787/E949

Technigue: K* decay at rest.

Data taking: E787(1995-98), E949(2002).

Incoming K+ (710 MeV/c) stopped in target (1.6MHz).

PID: range (entire n*—u*—e* decay chain).

Hermetic photon veto system.

Observed candidates: 7
Expected background: 2.6
Final result: BR=(1.73 *1:§2)x10-10
PRL 101 (2008) 191802, PRD 79 (2009) 092004
I o 15:45__ E787fE949 "
w'v (64 o [ mE949-PNN2 .
can D 40 [ 4 E949-PNNI h
| S F oo :
:f l'ﬂ“'.l'/r :I.b‘.‘" 35 - E
- 3 N £ ~ S ER
- " \ ~§] % ]
5 /N L e . unvetoed:
5 /’ D M s
| % : 20 : -
|/.|.-r".| .|.| .-'/?I:."..I » 15; g
o sl e 153 2000 250 A0C 10 |.||,|,||

Momentum {MeV /c)
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-11 H H H H : : H
10
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1870 1975 1980 198BS 1990 1885 2000 2005 2010
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Drawbacks of the method:

e Low acceptance (~1%).
e Significant background (~30%)
due to n scattering in the target.
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CERN NA62 vs BNL ES49

10%% x BR(K, — mouvp)

BR(KL svw) Vs BR(K*>1+vi) CKM unitarity triangle with kaons
..}. -—

5 DT R : K, »up
' E949 10 1 3F
4 : I/
By
SM4 i
3 experimental : | I
uncertainty ) 1 1 i
2 0;
1 | -1
\ D. Straub| I

0 _ CKM 2010| , [

101° x BR(K* — 7twp)

NA62@CERN aims to collect O(100) K*—n*vv decays with ~10% background
in 2 years of data taking using a novel decay-in-flight technique.

Decay signature: high momentum K+ (75GeV/c) - low momentum n* (15-35 GeV/c).

Advantages: max detected K+ decays/proton (p,/p,=0.2); high acceptance (~10%);
efficient photon veto (>40 GeV missing energy) + good n*/u* separation by RICH.

Un-separated beam (kaon fraction: 6%) - higher rates in some detectors. 26
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NAG62 signal region

Kinematically constrained NOT kinematically constrained

Arbitrary Units

0+
ThEY K'sutntny

Arbitrary Units

|
-0.15 -0.1 -0.05 0 0.05 0.1 0.15

m2,., GeVZ/c* ofTTAT e " m%;:ss (:;:elvzlféj‘ﬁ
92% of total background 8% of total background
~_ = ==

» Definition of the signal region
» K*— n*n® 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: ~10% (Kt—n*n0), ~10°> (K¥—putv).
-~ Two signal regions with low background. 27
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A

Un-separated hadron (p/nt/K*)

400GeV SPS protons - 75GeV (£1%) kaons

NA62 sensitivity

beam:

750MHz - 50MHz kaons - 6MHz decays | 278 Angle Photon Veto SAV:
Small Angle Photon Veto
Vacuum Tank
p<10-> bar CHOD
CHANT \ todsec e
Charged

Target Beam pipe  FParticle

Veto \
CEDAR \

DT o
Vacuum: p<10— mbar ] !

\

il

(Cherenkov W
kaon tagger)

Target

Iu ||||||||||||| I J I | WHWWWM

~100ps timin GTK
ps Hming M?asure Kaon: "lrll"r "lr RlCH ) LKr MUV
:E:;T;S \ y J Straw ~100ps timing

Expected signal & backgrounds __ Decay Region 65m Tracker Total length: ~270m
Signal 45 evt/year
Kf’_m 0 4 3{,}; e 5x10%2 K* decays/year = record SES of ~10-1;
K* oyt 3 2% e Hermetic veto: ~5x10-8 suppression of n0—yy;
K*— 3 charged tracks <450,  *® Kinematics: ~10~* suppression of K—n*nP.
Ki—m:’fOY "’2°/;> e Construction in progress; first technical run in 2012;
K'ouvy ~0.7% _ o Physics data taken driven by CERN accelerator schedule.
Total background <13.5% 28
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NA62 LAV detectors

OPAL lead glass blocks

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

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

A LAV station
constructed at Frascati
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NA62 straw tracker construction

(operatlon in vacuum)

The straw principle:

CLOSE to WIRE MIDDLE
CLOSE to

cat@de

CI_.I‘SITE

|

FIRST WALL grsT
FIRST
R WALL CLUSTER | CLUSTER WALL
|

UL —l

36 pm Mylar N

AMPLITUDE frmimimimen aiuiniaies

TIME

e Falling edge has the same time

for all straws on track.

50 nm Cu

e Rising edge and amplitude
20 nm Au give the distance to wire.
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JPARC E14

Upgraded E391 detector Vveto counters

(K°TO): sensitivity

Charged trac

Ccol FB CcCo2 M.B BEEV Clsl CC}]S cCCo4 CCO5> CC0O6 BHCV  BHPV Beam
N 2l — , / photon veto
w 1/ [E== = Y & | - ff
pencil” _ L = i
K beam = ' wi-im =
L g y A H,.fl
D\ v
T T T T T T T T T | "
. 6.15 m , : Y
. 12.5 m R
KEK E391a final result: 10-8 K, »n%v 3c discovery KTeV CsI calorimeter:
BR(K, —n%vv)<2.6x10-8 @90%CL % longer blocks,
PRD81 (2010) 072004 S, finer segmentation
c T
Signal & background (3 years) %10_9 o Grossman-Nir limit | T
PoS(KAON09)047 g 2
Signal 2.7 = _c:
K —n'r® 1.7 10-10] 2 1 month KOO |
Halo neutron: CC02 0.01 L 10% intensity oal
Halo neutron: CV-n° 0.08 E3913 I
Halo neutron: CV-n 0.3 ¢ Standard Mode! ¥
Total background 2.1 10—1:11018 101 1020 1071
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Conclusions

e The most precise measurement of the helicity-suppressed ratio
Ry=BR(K*—e*v)/BR(K*—u*v) to date completed by NA62 at CERN.

- result in agreement with the SM

e New measurement of the K*—n*yy decay with minimum bias
trigger data from NA48/2 (2004) and NA62 (2007) presented.

- new precise experimental data on ChPT parameters

e Precision measurement of the ultra-rare K—nvv decay:

- NA62 detector construction is in progress;
- first technical run starting in October 2012.

Recent NA48/2 results not covered:

e K*; form factors: see M. Hita-Hochgesand @ Moriond QCD 2012;
e BR(K.,): see PoS(EPS-HEP2011)437.
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Spare slides
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NAG62 trigger logic in 2007

] ] Minimum bias
NA62 trigger in 2007/08 (high efficiency, but low purity)
trigger configuration used
E,: energy deposit K., condition: Q,xE, . x1TRK.
of at least 10 GeV) Purity ~10-5.
o K., condition: Q;x1TRK/D,
ir?%l:‘\g?cl\;]lgld?:rclﬁs downscaling (D) 50 to 150.
> > Purity ~2%.
S 1TRK: very loose [C)%rl‘_ldition e Efficiency of K_, trigger: monitored
1) EXGIS7 I DG with K , & other control triggers.
against high multiplicity events H
e e Different trigger conditions for signal
and normalization!
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NA48/2 K= beam line

~1012 protons - .
(400 GeV) per spill Simultaneous K*/K Unseparated beam: n/K~10
- - beams (2003-04); ~10(~1) million K*/SPS spill
Momentum selection mostly K* beam (2007)
60(74) GeV/c - magnet '§g§ é
FDFD collimator DCH1 DCH 4= =
| Defining Protecting
L& collimators collimator ;
_ Cleaning
HH I collimator vacuum
2 Decay volume
+ b
ks b i BM
bt Ik‘ :: 5 vacuum §beam pipe
—OO>— ’J ‘ 2 -
&1, _ & ,‘ ! 4=
/Y :
S >
i Y.
DFDF e Cleaning
e Beam spectrometer |Beam: ~4x4mm, ~10x10urad (rms).
was installed 229%0(18%0) of kaons decay in
« Focusing in 2003-04 the 114m long vacuum tank.
e L SWeepin <« vacuum . He tank
: Al tank + spectrometer 1Y el
1cm |—
] L not to scale
50 100 200 250 m
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NA62 data taking 2007

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

.....
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Data taking conditions optimized for
a precision K,,/K , measurement:
a low intensity run
with a minimum bias trigger

Primary SPS protons (400 GeV/c):
1.8x10'2/SPS spill.

Unseparated secondary positive
beam: p=(74.0+1.6) GeV/c.
Entrance to the 114m long
vacuum decay volume:

NN 2.5x107 particles/SPS spill.

Composition: K*(n*) = 5%(63%).

K+ decaying in vacuum tank: 18%.
36




Flavianet Kaon WG, EPJC69 (2010) 399

i K i sensitivity to new physics

_ ot u+
Comparison of |V | determined from S ’
helicity-suppressed K , decays vs o W
helicity allowed K; decays and H*?
average from nuclear § decays, . vV Vv

To reduce uncertainties of

e’ U
hadronic and EM corrections to K : PRC79 (2009) 955502

\

Vud

na= (505 (e

r
i K) |Vud |0+ —0+ tanp vs H* mass exclusion
n2
J

) o [ Vaus| f+(0)]e3

\ v J U > 1\ v )80
Lattice QCD Measured Measured
input with K ,/m,  With K-mpy e

SM expectation: R ,; = 1.

Charged Higgs mediated currents lead to 40
Excluded by R »,

2 2 :
~ M+ tan 6 : 2:23‘2_&
R,u??) ~ |1 — 5 20
mi+ 1+ €otan o
Experiment: R ,; = 0.999(7), limited by lattice QCD input. ~ h+ mass [Gev/c?] 37
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KLOE K., measurement

NN output vs M2

lep

1.1 -NN

200

09 |
0.8 —
0.7 —
06 Loit

-6000 4000 -2000 0 2000 4000
Uncertainties OR /Ry (%)
Statistical 1.0
K,> subtraction 0.3
Ke, (SDF) 0.2
Reconstruction efficiency 0.6
Trigger efficiency 0.4
Total 1.3
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Ldentification |
® efficiency: |

2D fit in (NN, vs M2,) plane.
v2/ndf = 113/112.

3| Projection shown here: NN, >0.96.
' fit ==
- Ku2
okl == Ke2 (Ey>10MeV)

1K

i SR E——
4000

M2,.,, MeV2
Final result [EPJC64 (2009) 627]

"'9070 -
0

13.8K K., candidates, 16% background

Ry = (2.493 + 0.025,; + 0.019 ) x 10-5
= (2.493 £ 0.031) x 10~

KLOE-2 expect 6Ry/Rx=0.4%.
[EPTC68 (2010) 619]
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