Results on Rare Decays of
Ks - Yy
KgL - TTTUETE
Ks » mlete
On Behalf of NA48 Collaboration

Cagliari-Cambridge-CERN-Dubna-Edinburgh-Ferrara-Firenze
Mainz-Orsay-Perugia-Pisa-Saclay-Siegen-Torino
Vienna-Warsaw

Tulay Cuhadar-D6nszelmann
CERN, Geneva, Switzerland

XXXVI Rencontres de Moriond-2001
ElectroWeak Interactions and Unified Theories

10 - 17 March 2001, Les Arcs, FRANCE

T. Cuhadar-Donszelmann
; @1‘ NA48 Collaboration
.

Moriond 2001




T. Cuhadar-Donszelmann
; @1‘ NA48 Collaboration 2 )

NAA48 - Rare Decays —\
The Experiment - Simultaneous Kg and K; beams
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1997-1999 3.2x10™ K, decayslyear, 6.5x10" Kg decays/year

1999 KSHI proton beam intensity increased by ~200, 2.3x10° Ks, No KL beam
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The Experiment - Detectors
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NAA48 - Rare Decays —\
Kg — YY - Physics Motivation

Decay of Kg - yyis computed in xPT. Main contributions to Kg — yy are loops of
charged pions:

GO SO0~ O

Importance of this decay is due to :

No short distance contribution
Finite and unambiguous prediction for Br(Kg - YY)

thus, measurement of Br(Kg - VYY) is a test of XPT

Theoretical prediction Br(Kg - vyy) = (23 O.2)><1O_6
—6
NA31 (CERN) Br(Kg - vy) = (24+0.9)x10
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Kg - Yy - Data & Event Selection

Data

1999 Kg High Intensity data

Event selection

3<Ey <100 GeV; Distance between two clusters d > 10 cm; |t —tg en <5NS

No extra cluster with E_ > 1.5 GeV within +3 ns

Center of gravity (cog) <7 cm; 60<E,_,, <170 GeV

Decay region, 0 < 2, < 5 m. The end of Kg collimator defines the beginning of

decay region

for background rejection

K, - YY contribution is estimated by the flux computed from K¢ - 210 decay.

A - nt® decays are rejected by in time HAC cluster energy > 3 GeV, and

shower width cut in LK.

m Kg- 210 decays are suppressed by the 2, cut because the maximum invari-
ant mass originating from 21 cannot produce a vertex position less than 9 m.
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f NAA48 - Rare Decays —\
Kg — VY- Results

[SEEd;

Mk

Decay vertex: Z, = Lk~

dj; : transverse distance between two cluster
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N(K - yy) = 450 events
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Kg - YY- Results cont’d

The number of Kg - yy events in K - yy sample and

Branching ratio of BR(Kg - yy) are estimated by
binned maximum log likelihood method.

Normalization channel 2%, N(Kg - 2m°) = 7.5x10°
Backgrounds:N(K, - yy) = 294, N(A - nr®) = 11,
N(Kg - 2mY) = 2

Acceptance: 49% for K¢ - yy and 22% for Kg - 2
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N(Kg - yy) = 149 21

BR(Kg - vy) = (2.58 % 0.36(stat) + 0.22(sys))x10

(K - YY)
R = = 253+ 0.35(stat) + 0.22(sys
F(K~ v) (Sa0) = 022079
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K_g— T re’e - Physics Motivations

Main contributions to the K, decay:

+ +
Tt + TT 2
At 655% © "L MY -
T € Tr\ e'
CP-conserving CP-violating
Direct Emission (E1, M1) IB ( Inner Bremsstrahlung )

Interference between dominant M1 and IB gives large CP-violating asymmetry in
the @ distribution between normals to the T ™ and e*e™ planes in the kaon
center of mass system A(pz 14% (P.Heiliger and L.M. Sehgal, Phys. Rev. D48

(1998) 4146)

K decay: KS m yU + No CP -violating asymmetry is
€ expected
X e

CP-conserving
IB (Inner Bremsstrahlung )
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Ks - e’ e - Data & Event Selection
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Data
B 1998 and 1998+1999

Trigger

Four track trigger efficiency ~70% for 1998 and ~90% for 1999

Event Selection

In time two positive and two negative tracks

Electron (0.85< E/p < 1.15) and pion (E/p < 0.85) identification

Pirack > 2 GeV; Ey,0n > 40 GeV; cog of 4 tracks < 8 cm; no in time hits AKS
Ks events are identified by using tagger

for background rejection
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Kg - ' re"e™ - Results

First observation of K¢ - 1" Te’e” events in 1998
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In the region of 477.7 M- pe 512.7MeV

N(Kg - 're*e) = 56 events
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Ks — e’ e - Results cont’d

™
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Branching ratio of Kq — mt'me*e’
m K, - g normalization channel N(K, — " mrmd) = 105
B acceptance for Kq - m*re*e” ~3.7% and for K| - ' ng ~ 1.56%

M ratio of the trigger efficiencies: € , . /& , _
_ . _ T T e e
trigger simulation.

BR(Ks » T'mrete’) = (45+0.7(stat) + 0.4(sys))x10

BR(K, - mtmete) g = (1.4+0.2)x10" '

Kg branching ratio is two orders of magnitude larger than K.

. . 01.01 is determined from the
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f
Kg - ' re"e™ - Results

Combined 1998 and 1999 data (including Kg high
intensity data)
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Preliminary results:
BR(Kg - " me*e’) = (4.3+0.2(stat) + 0.3(sys))x10

BR(K, - m'mete) = (13+01)x10 '
No asymmetry is observed

AS o = (—0.2%34(stat) + 1.4(sys))%
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NA48 - Rare Decays

K, - e’ e - Results

Data: 1998 and 1999

Applying the similar cuts used in Kg and additionally,

482.7 <M, 0o <907.7 MeV

p2 <5x10 " GeV2 and P,2<-0.01 GeV?
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K, — e’ e - Results cont’d
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Preliminary result:
AL = (13.9+2.7(stat)+2.0(sys))%

Using Gy, = 135+ - and a,/a, = —0.72+ 0.03GeV?
measured by KTeV (Phys. Rev. Lett. 84(2000) 408)

BR(K, — mrmete’) = (3.1+0.1(stat) + 0.2(sys))x10 '
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NAA48 - Rare Decays —\
Ks - mPe*e” - Physics Motivation

Measurement of Branching ratio of K — m0e™e™ is important to improve the limit

on the indirect CP violating term in K, — m%e™¢"

Theoretical prediction

BR(Kg —» mle¥e") = 5.2><1O_9a§
dg : strength of the indirect CP violating component in the K,

Im )\t)

. ( Im(A*
BR(K_ ~ me"e)cpy = |15.3a5-6.8 104 ag+ 2.8( 10_4] }

where A, = VvV, U

NA31: BR(Kg — mlete’) <1.1x10 ° at 90% CL
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NAA48 - Rare Decays

Ks - me*e” - Data & Event Selection

R

Data

1999 K¢ High Intensity data

Event Selection

Two tracks (e*e) and four clusters in LKr

Charged tracks 0.9<E/p < 1.1, distance between two tracks >2 cm in DCH1
60 <E,, <190 GeV, 6< z,<45 m, center of gravity cog < 10 cm

‘myy— MT[O‘ <25MeVand |mg,,—M|<10 MeV

Cluster energy in HAC < 6 GeV

for background rejection
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NA48 - Rare Decays

Kg —» me*e” - Results

_\

Normalization channel: N(Kg —» mP18) = 79516

The possible backgrounds: Kg — 118 < 0.3 events
Kg - m3m2 < 0.03 events, K, 5 - e'eyy, negligible
Trigger efficiency: 98.3% (K¢ - mPe*e™) and 99.7%
(Kg - T013)

Acceptance: 7.4% (K¢ - 1e"e7), 4.2% (Kg — 1018
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New result;

No events survive after all cuts. The upper limit on
branching ratio

BR(Kg — me*e’) <1.4x10 " at 90% CL

T. Cuhadar-Dénszelmann
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Conclusions

m Kg - yy(published in Phys. Lett. B493(2000) 29-35)
BR(Kg — yYy) = (2.58 + 0.36(stat) + 0.22(sys))x10 °

B Ko mmete
BR(Ks — mtmrete’) = (4.5+0.7(stat) + 0.4(sys))x10
based on 1998 data (published in Phys. Lett. B496 (2000) 137-144)
BR(Ks — mTrete’) = (4.3+0.2(stat) + 0.3(sys))x10 °
As . = (—0.2+34(stat) £ 1.4(sys))%
preliminary result for combined 1998 and 1999.

B K, - m e e preliminary result for combined 1998 and 1999

AL = (13.9+2.7(stat)+2.0(sys))%

BR(K, — m"mete) = (3.1+0.1(stat) + 0.2(sys))x10 '

m Ks- me*e” (final result to be published soon)
BR(Kg — mfe*e’) <1.4x10 " at 90% CL.
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