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Overview:. Rare Kaon Decays

= Volume |: Search for Lepton Flavour
Violation

m Measurements of K — ev./K — puv,,
B Measurement of K — ev~

= Volume Il: Radiative Kaon Decays

B K* - nfyy and K* — wfete v
B K+ — ntete™
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Volume 1

Search for Lepton
Flavour Violation
in Ke2/Ku2
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SM Predictionon Ry = TI'(Kez2) /T (K2):

W Text book exercise for helicity
suppression

— Rpg very small.

M Nearly exact

(hadronic uncertainties cancel, only
radiative corrections to consider):

R — I'K* —efr) m2 [mi-—m?
ST ITKES EY) m m; — m?2

2
> . (1 _i_(SRlI"gd.corr.)

2
7
= (2.477 + 0.001) x 102 (V. Cirigliano, I. Rosell, JHEP 0710:005 (2007))

—> SM prediction has precision of 0.04%!
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Rig =T'(Ke2)/T'(K,2) beyond the SM

Possible MSSM scenario:

(Masiero, Paradisi, Petronzio, PRD 74, 2006)

'Charged Higgs mediated SUSY LFV contributions > +
can be strongly enhanced, in particular in kaon + H -
decays into an electron or a muon and a tau neutrino’

u

(Higgs) \
S

4 2
LFV ~~ SM m m-,— 2 6 (Sneutrino)
H e

Example: A3 =5 x107%, My = 500 GeV, tan 3 = 40:
— RV~ RZM(1 +0.013)

—> Effect of up to a few percent with a massive charged Higgs!

Experimental siuation:

W PDG 2008: three measurements of the 1970s (4.5% rel. error)
W Now: new precise measurements of KLOE and NAG62
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o @
R from KLOE

KLOE data:

2.2 fb~! in 2001-05

— 3.3 X 10° KT K~
pairs

|  KLOE kinematics:

¢ decay at rest.
mpix ~ 100 MeV

M Constraint from
2-body decay

Particle ID from kine-
matics, calorimeter
(EMC) and ToF
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Kinematic separation:

Build | M2, = (Ex — pmiss)? — Dy

assuming m, =0

— S/B ~ 1073

mainly due to tails in
K, momentum resolution

“

Quality cuts on vertex, tracks;
Consistency with ¢ — K+ K~ decay

— Still S/B ~ 0.05

“

Particle identification

KLOE: Kinematic Selection

| Ke2 (E,< 10 MeV)

Ke2 (Ey> 10 MeV)

Events/ (1360 MeV?)

—_ —
o o
-1 ©

A T

—_
o
=2
Ay

fffffff before cuts
after cuts

1, MCKe2

L Il L
—5000

0

L | L | | L Il
5000 10000 15000 20000
m; (MeV?)
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Electron/muon separation:

W Exploit EMC granularity

(5 layers in depth):

Use 11 shower pattern variables
iIn EMC cells.

W Add E/p and time-of-flight
Information.

W Combine everything into a
Neural Net.

M Correct electron MC with Ky .3
data.

B NN trained with K3 and K5
data.

KLOE: Particle Identification

200 MeV electrons/muons:

N N

14000

12000 |

10000

800

600

400

200

20 40 60 80 100 120 140
E (MeV)

K e3 data
KLez MC

00 02 04 06 08 10 1.2
Neural Net Output
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KLOE: Particle Identification

Neural Net Output:
NN 105

700
600
i 500
400
300
N 200
— T 100

0.2 ‘_ | ,

= 0.6

-10000 0 10000 M2

(MeV2) 6000 <4000 -2000 0 2000 4000

lep

For 0.86 < NNgyt < 1.02 and —4000 < M2

2 < 6100 MeV2:

S/B ~ 5 (with signal acceptance ~ 15%).
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KLOE: Ke2 signal

Ke2+ fit; M?_ proj for NN >0.96

I 2
- ev/700 MeV 2= 113/112
e data
— ]t e
. Kuz

=== Ke2 (Ey>10MeV)

(MeV?)

lep

Two-dimensional binned likelihood fit in the (M2, NNgy: ) plane:

Iep ’

— | 7060 + 102 K, and 6750 + 101 K_, candidates

Have to take into account radiative events. ..
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Measurement of Ko ...
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Ko, Theory

Two contributions to K2~

1B ¥ SD ¥
™ Inner Bremsstrahlung IB: ¢ e
Radiation from external charged K* K*
particles — QED. \ 4
Included in Br(Ke2(7)). 108
M Direct Emission DE J
(structure dependent, SD): PO | Kez analysi cut
| By s Pve
Radiation from the decay vertex 104
— effective theories, e.g. ChPT.

Not included in Br(Ke2(y)).

— Needs to be subtracted 10
from Ke2 data sample!

Experimental data on SD from the 70’s
with ABr(SD)/Br(SD) ~ 15% a

. 0 25 50 75 100 125 150 175 200 225 250

—> New KLOE measurement using E, [MeV]

same Ke2 data sample!
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Ko, Direct Emission

Two components of structure-dependent amplitude:
W SD+: effective (V + A) coupling
High energetic electron — easy to measure.
W SD—: effective (V — A) coupling

Low energetic electron — beneath Ke3 background, but also
suppressed as Ke2 background.
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KLOE K., Measurement

KLOE measurement on Kea~: (arXiv:0907.3594)
*2 ¢ data
E” > 10 MeV, p. > 200 MeV, 8 200 I ro
fits in separate £, bins: W I — Kmu2
| — Ke3
1484 signal events ,
3 100 | t
I‘(KeZ'yaSD+) |
I'(Kpuz2(y)) Y r—

— 1.483(66)(13) x 10~°

l S Tl data 72 =5.415
= ost :IOB(pﬂ ChPT +

B Good agreement with < ol !

prediction of O(p*) ChPT J

(1.447 x 107?) % + t
¥ Reduction of SD contrib. ol |

to error on R ;:

0.5% — 0.2% 0 100 200 5 [Me\:;(])o
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End of K., Measurement
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KLOE: Resulton Ry

Summary on Rjg Systematics:

Source ARy /Ry Evaluation

Tracking 0.6% K™ control samples

Trigger 0.4% down-scaled events

K., counts 0.3% fit stability

K., DE 0.2% K2, measurement
e, i cluster 0.2% K7, control samples
i Total 0.8%

KLOE result:  (arXiv:0907.3594)

Ry = (2.493 £ 0.025 £+ 0.019) x 10~°

W PDG 2008: Ry = (2.4540.11) x 107°
W Theory: Ry = (2.47740.001) x 107°
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_ NAG2
NA62 in 2007/2008 B4

Momentum selection Beams coincide

(75+2) GeVic within ~1mm
8.0
Finsl Magnet -gg E E
Quadrupol collimator DCH1 DCH4R =
-~ _
collimators ;
M Cleaning
I collimator
~2x 101! | HH K + 8 SxaBES1 Decay volu me
protons/spill b EKABESS ; |
k i ! -+
o ::\ y ! — B
Target i::: é ', ,r K _g
K I { KABES 2 E
| ! 0.6 x106 g
| kaons/spill
[ 10cm
First Achromat Second Achromat - Vacuim o < Hetanks
1cm I— | ] L |tan spectrometer not to scale!
0 50 100" '200 250 m

® NA48/2 beam and detector, only slightly modified.
® Kaon momentum: (75 4+ 2) GeV/c
W 4 months data taking with minimum-bias trigger
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NAG62: K., and K Selection

Kinematic separation: Ke2
i 2 _ 2
Build Mmiss = (PK — Pl)
with K momentum 75 GeV/c and e or 7 mass -0.03 -0.02 -6.10‘1‘”6.“0‘2.81‘ ‘0‘.(‘)? 003  -003-002 -o.lo‘i”(‘).mo‘z.gl 002 003
Mmiss * [GeV?/c*] Mmiss * [GeV?/c’]
. - 0.06[
K,.»>: Practically background-free < |
o UL
. K_»:. Bkgd-free for track momenta ~ L
8 0.02[
< 35 GeVl/e (~ 40% of data) S |
of
Higher momenta... b
l Spurimpuls [GeVic]
. . . 10' ; ;
Electron identification: 1 Electrons gt
10° |
E /p: | Ratio of Lkr energy 10f
to track momentum g
<0,1 for muons, ~1 for electrons | 2 i Energy/Track momentum
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NAG62: Background from

Problem:

™=

W Catastrophic energy loss
of Muons in LKr (~some 10—9)

Solution: HOD(V)
W Special muon runs U
W During data taking: lead bar 2 Lo | B
(9X0) befOl’e LKr 5_5? —B- MC (no Pbwall) i . i
— Only muons pass S
45—
MC correction (GEANT4) for o
muon energy loss in lead S T e i -
| o S T T — o
— BlSKuZ — (603 :I: 0.2) % 2_5§w 1 7777777777777777777777777777 i

20 10 20 30 40 50 60 70 80 90 100
Track momentum, GeV/c
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NAG62: 40% of Ke2 Data Set

== Data .................... B, .................... .................... == Data
<y 104 <y .................... .................... .................... ................... :
COK v (0 -e9] COK -uv (' -e9]

Bl K -e'vw (SDY) i | e ST S Bl K ~etvwy (SDY) |

Bl Beam halo Bl Beam halo
C K = me*y 10° C K - ety ........................
B Koo B Koo ‘
LK e

6000

5000

4000

B
¥

[©)
<+

3000

2000
10

| 1000

loale ol ol LII.III Lo

8047003 002 001 0 001 002 003 004 -d08 -006 -004 -002 O 002 004 006 008
M2 (e), (GeV/c?)? M2 (e), (GeV/c?)?

51089 K+ — eTv, candidates

Total NA62 data set:
~ 120k K1+ and ~ 15k K~ candidates
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NAG2: Background Summary

Statistics in momentum bins: Backgrounds:
8000: . | —®— K*_ e'v candidates

S T Ay i Source  B/(S + B) [7]
70000 | e ety ey s |

el | K-e'w(sD) K2 6.28 +0.17
6000~ S A e S— ...| —@— Beam halo_x5 .

S T~~—_ Ko, p—e 0234001

5000 Koo, (SDY)  1.024+0.15%)
4000 Beam halo 0.45 4+ 0.04
3000 K3 0.03
2000 Ko 0.03
1000 Total 8.03 £+ 0.23

Q0" 55 T30 a5 a0 Y0 60 Y5 ) KLOE measurement not used yet.
Track momentum, GeV/c
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NAG62: Resulton Ry

Independent measurements Uncertainties:
In momentum bins: Source ARy X 107°

N
o))
a1

x 10°

Statistical 0.012

K2 0.004
K2~ (SDT) 0.004
e 1 Beam halo 0.001
o 1 | y 1 | ¥ Electron ID 0.001
sast Ao e e 11 g IB simulation 0.007

Uncértaintiésindicéted: | - 1 B Acceptance 0002

|:|statistical+K o thalo R B ] . .
gm _ Trigger timing 0.007

N
4
a

N
a1
|||||||||||||||||||||||||||||
: P d :
@
.

Measurements of R

2.4

20 25 30 35 40 45 50 55 60 65 Total 0.016
Track momentum, GeV/c

2.3%

(3]

NAG2 preliminary
Ry = (2.500 £+ 0.012 4 0.011) x 10>

Precision: 0.64% — Expected to improve to 0.4 — 0.5%
with full data set.
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World average:

W SM prediction:

M Exclusion region in

Summary on Ryx Measurements

Dominated by new KLOE and NA62 measurements

- 0.014) x 1075

Ry = (2.477 £ 0.001) X 1075 (1.5 away)
(tan 3, m(H®*)) plane (depending on A;3)

2100
PDG’08 Summer '09 average =
=90
Clark (1972)
e 80
. Heard (1975) 70
60
. Heintze (1976) 50
40
KLOE (2009
T final res(ult ) 30 95% CL Exclusion Limits
20 B a<1x10
NAG2 (2009) B A ,<5x10™
ror preliminary 10 [ ] A<l x 107
SM 0\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\
s .2I2- L -2I3- s -2I4- L -2I5- Ll |2|6| L -2I7- L I2|8I - 0 100 200 300 400 500 600 700 800 9001000
' ' ' ' ' T Rex10° Charged Higgs Mass [GeV/c 7]
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World average:

Summary on Ryx Measurements

Dominated by new KLOE and NA62 measurements

- 0.014) x 107°

W SM prediction:

Ry = (2.477 £ 0.001) X 1075 (1.5 away)

M Exclusion region in

(tan 3, m(H®*)) plane (depending on A;3)

PDG’08

Summer '09 average

Clark (1972)

Heard (1975)

Heintze (1976)

SM

KLOE (2009)

final result

NA62 (2009)

preliminary

2.2

23

2.4

26

2.7 28 |
Ry x10

@100

C

]

< 90
80
70
60
50
40
30
20
10

0

95% CL Exclusion Limits
B a<1x10
[ ] A,<5 x107*
B2 <1x10"
FEEEE FEET FEEN SRR SRR SRR ANR T FERE SR
0 100 200 300 400 500 600 700 800 9001000

Charged Higgs Mass [GeV/c 7

Rainer Wanke, WIN 2009, Sep 16, 2009 — p.24



Volume 2

Radiative Decays:
K> nfnly
Kfs ntyy

K> n*te*ey
K* > n*tete
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Measurement of

- — 7T:7T0”y Decays
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K= — 7*nY%y: Theoretical Framework

Two sources of ~ radiation:
Inner Bremsstrahlung (IB) and Direct Emission (DE)

T T
) T ) T Kinematic variable:
K K
_I_ W2 — (Pr * Pv)(PK * Pv)
IB 7' DE 7T’ - m2.m2

ort  ori

— = 1 2 cos (* ot — 62) | Xg| W?

oW = oy | LT 2cos (ke + 6 —57) |Xal
Inner Bremsstrahlung (IB) Interference (INT)

+ mimi (IXpl? + | Xnm|?) W* ]

\ . 4
Ve

Direct Emission (DE)
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K= — 7*n%y: Theoretical Framework

art  ori
W = 8W[1—|—2c05(:|:¢—|—5}—5§) | X | W?
Inner Bremsstrahlung (IB) Interference (INT)

+mimi (1Xpl? + [ Xnm|?) W* ]

\ - 7
~~

Direct Emission (DE)

W IB is known from K* — 7#%x% and QED corrections.

B DE has two terms (O(p*) ChPT):
B X ,,. magnetic part has two contributions:
reducible WZW functional (~ 270 GeV—4) 4 direct (not known)
B X . no prediction in ChPT

B INT is interference of IB and electric DE amplitude,
no prediction available.
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Experimental Status

Previous measurements:

w
o

=
ol
\

Br(DE) x10° Stat. &+ BNLE787
5 5 F B
E787 4.7+0.9 20 k = il
2 L _
E470 3.8+ 1.1 10 k 7.
S

ISTRA+ 3.7xt4.0 930

[ER
\

o
o
\

\

PDG 08 4.3 £0.7

O 7\ L1 ‘ Ll ‘ Ll ‘ L1l ‘ L1 ‘ I ‘ |- ‘ L1 \7
01 02 03 04 05 06 07 08 09
\W

All previous DE measurements:

B Kinematic range 55 < T* < 90 MeV (kinetic 7 energy in K CMS)
B Assumption: INT = 0.

So far no Interference nor CP violation observed.
W E787: INT=(-044+1.6)%
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K* — 71y from NA48/2

New NA48/2 measurement:

W Both K™ and K~ in the beam
(= CPV check possible)

W Enlarged T7x region w.r.t.
previous experiments: 10°

0 < Tx < 80MeV
W Background negligible:
< 1% x DE  (mainly 7£7979)

® O(10~?) mistagging probability
for the photon. 042 045 046 047 048 049

(3]

10

NEVT

o Data
B MC(sig+hg)
B Mcr o)

10 B Mc((rTty)

10

10

05 051 052
Kaon Mass (GeV)

Total K* — 7+ 7%y data sample:
W More than 1 million events.
W For the fit: restrictto 0.2 < W < 0.9 and E, > 5 GeV
— Still 600 k w*#%~ candidates in the fit.
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K* — 7*n'y: Fit of the Data

Likelihood-Fit of the data W distribution:

MC(IB-DE-INT) 5 [
MC(IB) 3
MC(DE) < 800 -
i DataMC-MCygq
600 residuals 3 par
i X°= 14.3726
400 e
200 L
i e 1 L
0Ff —=
-200 | T _|_ \
-400 |
: 600
: 1 i [ | | | A | | | -
02 03 0.4 0.5 0.6 0.7 08 0.9 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9
W W
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K= — m=7%y: Results

Systematics:

-0.01

g CL(68.3%)
Source DE x10% INT x10? S oos | Ceos
Acceptance 0.10 0.15 002
L1 Trigger 0.01 0.03
L2 Trigger — 0.30 haad
Energy Scale 0.09 0.21 003
Total 0.14 0.39 e b
i 004 L G028 0,03 0082 0034 003 01080104
FRAC(DE)
Final NA48/2 results on K* — wTx0~ fractions:
Frac(INT) g s cgomev = (—2.35 3 0.355ar £ 0.39yst) X 1072

Correlation: p = —0.93

First observation of the interference term!
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K* — 7=nY: Comparison with
Previous Experiments

Fit with INT = 0 and extrapolationto 55 < Tx < 90 MeV.

9

- OO - =2
< % [ RECENT RESULTS FOR BR(DE) <5 oo niev
Z 1500 = L o
= 8
DataMC-MCg, e i
residuals 2 par [ R 3 i
2_ | = Not Included in 5 avg
1000 - X'=51.038 ! ® Included in PDG avg
JEn 6 F
500 |- [ PDGO8 Average
5
‘ -
i N 4
o
1 ‘ +++ 3+
| = T4
il [ E787 E470 EA70 ISTRA®
\ \ \ \ \ [ITRTRTIN L I S R [ B P B
0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 ! 000 00 004 006 2008 2010

Br(DE) gy s coomey = (2-32 & 0.055tar £ 0.085yt) X 10~°

—> Clear disagreement with INT = 0 hypothesis!
Need to fit with non-vanishing interference term!
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K= — m=7%y: Results

Magnetic and electric components:

Xg = (_24 + Aeitat + 4syst) GeV_4 Approximations:

=0
—4
Xn = (254 T 11lgtat = 1lsyst) GeV W cos(6] — 63) =~ 1

WZW reducible anomaly prediction: Xj; ~ 270 GeV—+
—> NA48/2 measurement points to reducible anomaly only

Limits on direct CP Violation:

B Rate Asymmetry: Ay = % (normalized to K+ — 7t 7070)
AN = (0.0 £ 1.0gt5t £ 0.65y5t) X 1073
— .
sin¢ = —0.01 £ 0.43,
art dI‘I:Bt

B Asymmetry in W spectrum: < = =& (14 (a £ e)W? + bIW*?)

— Aw = e[ = (—0.6+1.0) x 1073

— No CP asymmetry observed in  K* — a0~
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Measurements of

=y r-

vy and K-

- —mete y
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K* — m*v~: Theory

Differential KT — w*~~ decay rate:

o°T K 1 2
dydz 2973 z° (|JA+B|? +|C|*) + (y2 _ ZA(Lrﬁ,z)) (1B + ‘D‘z)]

At O(p*): (Ecker, Pich, de Rafael, Nucl. Phys. B 303 (1988) 665)
W A(z,¢) contains loops and é of O(1).

W C(z) contains poles and tadpoles.
(Gerard, Smith, Trine, Nucl. Phys. B 730 (2005) 1)

At O(p®): Unitarity corrections, could increase Br by 30 — 40%.
(D’Ambrosio, Portolés, Nucl. Phys. B 386 (1996) 403)

(Gev™h
5
I

10" x Br(K' —>n"yy)

dr(X*—>n"yy)/dm,,/T
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— m¥~~: Branching Fraction

Data Data

o DMCK’ﬂTFyy : : DMCK’ﬂTFyy
140 ,;|_ : Bl vk - ey

B : : : _|_:| : :
1] S S SRR S ‘ | : :
20O el :
s i !
s S L

- : : L S
20:_ .................................... . .

:_A_A_A_A.L_— bl b
0.475 0.48 0.485 0.49 0.495 0.5 0.505 0.51 0.2 0.22 0.24 0.26 0.28 0.3 0.32 0.34 0.36

M, [Gevic?] m,, [GeV/c?]

W 1164 K* — wT~~ candidates in 40% of NA48/2 data.
(About 40 times more than previous world sample!)

W Background: 3.3%, mainly from K+ — 7t7%4.
W Systematics: Mainly from trigger efficiency determination.

Assume ChPT O(p°) and é = 2: (NA48/2 preliminary)

Br(K* — 7597)a—2.0(p6) = (1.07 £ 0.045t5; = 0.085ys; ) - 107¢

Model independent measurement and ¢ extraction in preparation.
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K* — ntete ~:

W Same as K* — n%~~, but with internal photon conversion.

W 120 K* — wTete ~ candidates (selection through 3-track-trigger).
W Computing BR in bins of m..~.
— Model independent measurement!

Br(K* — 7¥ete™ V)m.. >260Mev = (1.19 £ 0.12t5 £ 0.045ys ) - 1078

«—100 - ~ Daia «— 20
(8} - + O
3 80 K - ey o

s K rlete = 15
3 m K:_> Te'e v
> 60 cut K - mde'v P

Q + 2 10
G 40f + 5

20 + >

- . + .

%.4 0.45 0.5 0.55 0.2 0.25 0.3 0.35
Invariant TEe*e'y mass [GeV/c 2] Invariant e “e'y mass [GeV/c 2]
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K* — m*ete v: Fit of me,., distribution

Model dependent measurement:

=
[

Fit m..~, distribution for ¢ g P — é-o9
using O(p°) ChPT: o p T eTs
S 1 T
g i r4y\ .\\\ ye
é& = 0.90 £+ 0.45 o L
= A
(X?/Ngot = 8.1/17) < 05 *
From this, the branching fraction o B o
IS extrapolated to m., < 0.26 MeV: 0.25 - 03 0.35
Invariant e e y mass [GeV/c 7]

Br(K* — ntete™v) = (1.29 4 0.13¢, £+ 0.03;) x 10~

(PLB 659 (2008) 493)
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Measurement of
_|_

K=+ — m"e e  Decays
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K* — nFete™: Motivation

K* — t~* — gw¥[t]—: Suppressed FCNC, proceeding through
single virtual photon exchange

Amplitude:
dar
— ~ P(2) - |W(2)]? (z = (%)2 P(z) = phase space factor)
dz K
Several models available:
(1) polynomial: W(z) = Gepm% fo (1 +62)
(2) ChPT O(p®): W(z) = Grpm% (ay + b z) + W™ (2)

(D’Ambrosio et al., JHEP 9808 (1998) 4)
(3) ChPT, large N. QCD: W(z) = W(w,w, 2)
(Friot, Greynat, de Rafael, PLB 595 (2004) 301)
(4) “Mesonic” ChPT: W(z) = W(mg,m,, 2)
(Dubnickova et al., Phys.Part.Nucl.Lett. 5 (2008) 76)
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K* — nFeTe™ Signal

400

300

200

Background X 5

....... 100

(o))

o

o

L S e O O [
| | | | ! o

- | III|IIII|IIII|I .
&45 0.46 0.47 0.48 0.49 0.5 0.51 0.52 0.53 0 0.1 0.15 0.2 0.25 0.3 0.35 04 045 0.5

M(tee*e), GeV/c? z

Whole NA48/2 data set: 7253 KT — wTete candidates

Background/Signal: ~ 1.0%
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— mreTe : Fit Results

Fitted Model parameters:

(1) fo = 0.531 =+ 0.012
§ = 2.324+0.15

(2) ay = —0.578 + 0.012
b, = —0.779 £ 0.053

(3) w = 0.057 & 0.005
B = 3.45 + 0.24

(4) mge = (951 + 28) MeV
m, = (795 + 10) MeV

(PLB 677 (2009) 246)

Br(K* — mtete™) = 3.11 (4)stat (5)syst (8)ext (T)model X 1077

Also limit on direct CP violation:

= (—2.1+ 1.5+ 0.6)%

B+—|—B—

Most precise measurements in this channel

Rainer Wanke, WIN 2009, Sep 16, 2009 — p.43




K* — n¥eTe™: Comparison of Results

K=* — w*ete~ branching fraction in full  z range:

Measurement

Sample Br x 107

Bloch et al, PL 6 (1975) B201
Alliegro et al, PRL 68 (1992) 278
Appel et al [ES65], PRL 83 (1999) 4482

NA48/2, PLB 677 (2009) 246

41 (K¥) 270 £ 0.50
500 (K+)  2.75 4+ 0.26
10 300 (K+) 2.94 +0.15

7300 (K*) 3.1140.12

Form factor slope 9:

Measurement

Process Slope o

Alliegro et al, PRL 68 (1992) 278
Appel et al [EB65], PRL 83 (1999) 4482

Ma et al [E865], PRL 84 (2000) 2580
NA48/2, PLB 677 (2009) 246

KT S nTete” 1.31+0.48
KT S natete™  2.144+0.20

Kt —»atutp~ 2457537
K* — ntrete™  2.3240.18
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Conclusions

Measurement of I'(Ke2)/I'(K,2) KLOE, NA62

W Precision 0.56%, has improved by one order of magnitude.
W Becomes sensitive to physics beyond the SM.

Radiative Kaon Decays KLOE, NA48/2

mKT - eil/'y

New very precise measurement, agrees with O(p*) ChPT.
B KT 5 gtply

First observation of interference between IB and DE.
mKET 7T:|:'7")/

40x the statistics of previous experiments.
mKE 7T:|:€+€_'7

First observation and measurement of Br and c.
KT - grete

Very clean signal, good agreement with theoretical models.
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| The NA48 Detector

Muon veto sytem
Hadron calorimeter
Liquid krypton calorimeter

Hodoscope

Drift chamber 4
Anti counter 7

Detector components:

Helium tank

Drift chamber 3

B Magnet spectrometer
4 sets of drift chambers.

Ap/p = 1.4% | for p = 20 GeV/c.

Magnet

Drift chamber 2
Anti counter 6

W Hodoscopes:

Fast trigger, precise
time measurement (o; = 150 ps). ?

W Liquid Krypton Calorimeter (LK)

AFE/E =~ 1.0% | for E. , = 20 GeV/c.

W Hadron calorimeter, photon vetos, muon counters
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[1 + 2 cos (¢ + 61 — 62) | Xg| W?

4 \ . 4

Ve

Ve

Inner Bremsstrahlung (IB) Interference (INT)

1B

W

+mimi (1Xpl? + [ Xnm|?) W* ]
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Direct Emission (DE)
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K* — 7#*n%y: Fit Techniques

» Extended Maximum Likelihood Fit

Correct for acceptances with MC:
Data(i) = No[(1 —a — 8) - IBuc(z) + a - INTyc(i) + 3 - DEyc(i)]

® Polynominal Fit (used as cross-check)

Fit the ratio W (Data) /W (IByc) with polynomial function:
F=c-(14+aW?4+bW*) — Frac(DE), Frac(INT)

e 1B DE o
016 F o1 T
o1 |
0.14
008 |
0.12 0.08
01 006 |
006 |
0.08
0.06 004 ooa L
0.04
0.02 - 002 -
0.02
07 08 09 0ol 02 03 04 05 06 07 08 09 0.
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K* — 757Y%: Polynomial Fit

) . ] g 24 ‘ ?}rrl:; 66.34 /123
Fit with a Polynomial: 2 X “Tort  onmedd
;U 22 ’ c 1004+ 0.3614E+07
Assumes equal acceptances 2 | H
for IB, DE, and INT as function 18 | !
of W. : f=c(1+aW?+bW*) !
16
l 14 |
1.2 f
Used as cross-check. :
1 -

‘\\\\\\\\\
O 01 02 03 04 05 06 07 08 09 1
W

Frac(DE) ( 3.19+0.16) x 102
Frac(INT) = (—2.21 4+0.41) x 102

— Very good agreement with maximum likelihood fit!
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K= — n=7y: CP Violation Studies

Decay rate may depend on kaon charge:

or+ _ T |1+ 2cos (+¢ + 61 — 03) |Xe| W? + mimk (Xg|” + [Xm|?) W)
oW  OW ‘ o

7

Vo

INT
Hifp#0. I'(KT — %) £T(K~ — m—n%)!
— CP violation!

W SM prediction on asymmetry: 2-10-°% — 10° for
50 < E* < 170 MeV.

W Possible SUSY contributions  can push the asymmetry
up to 10~* in some W regions.

W Two possible measurements:
B Asymmetry in the total rate —> need normalization (K3,)

B Asymmetry in the Dalitz plot
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K= — n=7y: CP Violation Studies

For CP asymmetry analysis:  Remove cuts on W range and Eg“”
— 1.08 million events for CPV analysis.

Measurement of rate asymmetry:

| R Nﬂ.-|-ﬂ.o,y — R - Nﬂ.—ﬂ.o,y
AN p— p—
r+ —+ r'— Nﬂ.-|-ﬂ.o,), -+ R - Nﬂ.—ﬂ.O,Y

With R = N+ /Ng— = 1.7998(4) from K* — 757070,
1L

AN = (0.0 £ 1.0gta £ 0.65y5¢) X 1073

|An| < 1.5 x 1073 (90% CL)

— First limit on sin ¢:

sing = —0.01 +0.43, |sin¢| < 0.56 (90% CL)
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Fit of asymmetry in W spectrum:

dl'+  dl'g , A
—— =B (14 (at
o = e (LT (@ e )W + o)

L

Single parameter fit to:
dAW € - W2

dW 1 —0.247W?2 4+ 1.463 W4

L

W(K ") =RW(K)MW(K H)+RW(K)

K= — n=7y: CP Violation Studies

o
o
®

XN gof = 9.5/ 18
e=(-0.6 +- 1.0) x 102

o

o

>
T

o

o

=
T

o b b b b b b b b b
01 02 03 04 05 06 07 08 09
W

INT

— = (—0.6 1.0
= ( + ) X

AWZB

102 | compatible with A .

—> No CP asymmetry observed in

K* — pEx0~l
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Trigger efficiency:

W K* — 7*~~ selected through
neutral trigger.

W L1: More than 2 e.m. clusters
required.
— = 50% efficiency
W L2: Rejection of K+ — 7+ 70
by cutting on E7.
— = 80% efficiency

Statistics too low to measure trigger
efficiencies from K+ — 7% ~~.

-

Use background events and
correct for different kinematics.

45000 IJJ
40000 [
35000 %— HJJ : MC +_> 11:*7!:0
30000 f
25000 [
20000 [—

15000 |- M K+_) +W

10000 - L‘ILH-\

5000 ;— mk?

Fot . S \ PRI, 4

500

300F

100F

— myy: Trigger

360I 380 400 420 440 460 480 500 520 540

mfake= \lmeE T [GeV/Cz]

° K*_. 1 Data

400F

2001

— K* - ¢ MC not corrected
— K* - r¢® MC efficiency corrected
(MC scaled to Data)

“20‘ - ‘25‘ L ‘30‘ L ‘35‘ - ‘40‘ L ‘45 Hhso

E.[GeV]
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K* — nfete v: Theory

KT — ntete ~:

Same as K+ — w*~~ with an internal v conversion.

® O(p*): BR and m,., determined by ¢

W O(p®): Unitarity corrections —> change in BR by 30 — 40%.
(Gabbiani, Phys. Rev.. Lett. D 59 (1999) 094022)

+ o+ - _
dBR(K"»>7m"ye"e")/dz BR(K" > ye*e™)
§ T | T T | LI L | LI L | L . 3.0‘10_8 7 T T T | T T T T | T T T T | T T T ]
-7 i C ]
1.0-10 C
251078 [
-8 [ C ]
8.0-10
L 2.01078 | .
6.01078 [ C ]
C 151078 | .
401078 [— 8 E ]
L 1.01078 F .
-8 [ = ]
2.01078 - 501079 |- ]
0- O- L | ! | ! ]
0.0 -4 -2 2 4

) o —
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