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NA48
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Beamline

10mm m

MTNV magnet
6.23 m

05m q.25

aaaaa

> Priimary Protons
momentum
400 GeV /c

» Duty Cycle
4.85/16.85

» Protons per
Pulse on Target
~ 5 x 1010

» Production Angle
—4.2mrad
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Detector

Muon System

5, < 350ps

R L|qU|d Kr EM Calorimeter

%:3\-/2%@%1@0.5%

o, S 300 DS (E in GeV)

Magnetic

Spectrometer
Charged op/p = 0.48%®
Hodoscope 0.009% x p
(p in GeV/c)

o < 250 ps ?
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Kq — 7Tl
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"J  Physics Motivations for Kg — 7’1~
S ———

Rare Kaon decays provide information on the parameters of
the unitarity triangle

(P.n)

K; — mvw

Kg — w01t~
K; — 7%t~ { Kp—a%y [ |

Kp — Tl yy

(0,0 (1,0 (1.4,0
P
|
P Lo K — vy, K, —ete vy
—
Ll K —eteete , ete utu™
a CP conserving part — BR(Kp — 7%yy)
K — w91t~ contains: a direct CP violating part —  determines 7

an indirect CP violating part — BR(Kg — 7°1T17)
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Strategy of the Analysis
o ————

Predictions for the BRs ~ 10~

Y
only few events expected

Blind Analysis: signal and control regions masked

4
Signal Region Control Region
2.5JMK X 2'5JM7T0 6.OOMK X G-OUMWO
Backgrounds studied > Fix cuts
using both » Unmask control region
Data & MC simulation » Unmask signal region
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Kg— meTe”
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Backgrounds for Kg — n'eTe™

90

No. Events

40

20 |

» Irreducible BG from
KL — €

80 f
70
60

- I '+ conversion kevlar
50

i s conversiorﬁﬁl?CHl
B °Pee) %
30

10

"+ 2002 data
- B’ (m_, > 0.09 GeV)

- [] 1 + conversions

-0 rgp +

8.09 0.1 0.11 0.12 0.13 0.14 0.15 0.16

_|_

mee/GeV

e vy

» Estimated to be

~ 0.075 evts.

(2001 K, data)

m, /GeV

» Possible BG from Dalitz
decays and conversions

» MC describes those BGs
well

» Removed by asking
Mee > 0.165 GeV

0.65
06 |
0.55 |-

05 | - "'3-...-5’
045 |

2001 DATA

04 1 K, - e'eyycandidates
35 ‘ I ‘ [ ‘ I ‘ I ‘ I ‘ I ‘ [ ‘ L]

0.02 004 006 008 01 012 0.14 0.16
mW/GeV
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") Backgrounds for K¢ — n’eTe™ (cont.)

=Y decays contribute to the BG

—0 —\ -0 :
> =0 — Apr)m removed by cutting on the

» =V — A(pev)n! ~ Momentum Asymmetry

> EO — Z+(p7TO)€E 0.65

0.6 -

m, /GeV

Accidental BG:

(overlapping fragments of decays, 1 s
like K — rteTv + Kg — 7%2%) | = ‘
0.45

0.55 -

Estimated by using the time A
SidebandS o cluster times 3 < At < 50ns

= 0.069 expected events 088 o

0.1 0.11 0.12 0.13 0.14 0.15 0.16 0.17
extrapolation from Control Region mW/GeV
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") BRof Kg — nlete

4
)

~ 0.65 ~ 0.65
Q 0.6 Q 0.6
X 0. X
= =
0.55 0.55
0.5 0.5
A i
0.45 |- 0.45 = #
0.4 0.4
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ | NI (TS N T N S S S NN R
035517011012 0.13 0.14 0.15 0.16 0.17 03501 015 02 025 03 035
mW/GeV m,, /GeV

7 events found with a BG of 0.157)-%"
BR(Kg — nleTe™) =
(5.8F28(stat) & 0.3(syst) £ 0.8(theory)) x 10~
[PLB576 (2003)]
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Kg — 'ty
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") Physical BGs for Kg — 7%t~
e ——

MC simulation used to study BG from K; — 7'z "7~
with 7+ and =~ decaying in flight

c 120 = e Data

S 1001
Charged Vertex i 100» K > ' MC, (no CTy)

100- [ K_-> ' MC, (all cuts)

> 01Tt MC}, (no ¢t L
L + - ( ¥ 80, Kaon Vertex
MC| (all cuts)
80
60; Masked Region
60; Masked Region r
H 40+
40 \\\ r
20 20j
L clevn b by i P IR P R =N I T S |
0941 0.42 0.43 0.44 0.450.46 0.47 0.48 0.49 0.5 0.51 0913 0.14 0.15 0.16 0.17 0.18
M, (GeV/c?) M,, (Gevic?)

Nearly 24 times the 2002 stat. generated

» < 0.019 events expected
(no MC events in signal region)
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J Physical BGs for K¢ — 7’u*u~ (cont.)
T ——

1oL Sigpal Region

Events

/ [ K->mp'p” MC (10 times stat.

= =enwcsoimessan| CONtribution from =Y decays, as
Fiducial and Topological for KS — 7-‘-0€+€_

Removed by a cut on the
Momentum Asymmetry

I P PR PR
0 2 4 6 8 10 12 14
Momentum Ratio

Background from K; — u* vy also studied
(Greenlee)

From MC simulation 0.04 4 0.04 events expected
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") Accidental BGs for Kg — 7'ut ™

Main contributions from:

—~017
= - Out of time events
> K; — 1t uTy + D 016
g ! 0,0 S * o*
Kg — mom 0.15 - Qe
= - o« %
> KS N 7T+7-‘-_ _|_ E 0.14 - .. . o=
Kg — mV70 013 - Lz-, -:I'..
Time sidebands used: 012 c
0.117\‘\\\‘\\\‘\\\‘\\\‘\\\
» 0 events found out of 044 046 048 05 052 054
time in Signal Region m, (GeV)

0.18701% events expected
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~017 —~ 017
% : % 016E
- [ ] -
8o ez 8 . st
~ 015 " < ~ . *e
0.15 |- %o 0.151- * .
5;0.14 - 5;0.14
- (%] ~es ¥ o
013 0.13F
[ ] r [ )
0.12 - 0.12+
C L ‘ L L L ‘ L L L ‘ L L L ‘ L L L ‘ L L L C ‘ ‘ L ‘
0.11 044 046 048 05 052 054 0'16.2 0.25 0.3 0.35 04
mmm(GeV) m, (GeV)

6 events found with a BG of 0.2201)

BR(Kg — 7utpu™) = (2.9715(stat) 4 0.2(syst)) x 107°
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Results Interpretation
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Chiral Perturbation Theory (xPT) predicts:

BR(Kg — nleTe™) =
0.01 — 0.76ag — 0.21bg+

46.5a% 4 12.9agbg + 1.44b%] x 10719
BR(Kg — 't p™) =
[0.07 — 4.52a5 — 1.50bg+
98.7a% + 57.7Tagbg + 8.95b%] x 107

ag and bg being the coefficients of the form factor
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Wil |
L) lag| extraction
L

The Vector Meson Dominance (VMD) Model gives
bs/CLS = (0.4, thus

BR(Kg — nlte™) ~ 5.2 x 107 %%

= |ag|roee = 1.0675:37 £ 0.07

BR(Kg — m'utp™) ~ 1.2 x 107%3%

= |ag] o, = 1557735 £ 0.05

Combining both K¢ — 7171~ & el T T LT .
reSUItS In a |09-|Ik6|lh00d flt 12

> the 2 results are compatible S O
with each other and with the 2 = =S

VMD
s
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\Wie L
_J Implications for K; — [T~

T ————
lag| can be used to predict BR(K — 71T17):
BR(K; — 7T0l+l_)0pv x 101% =

Cinp + CinT ([m()\t)) o (]m()\t)>2

104 10—4
Where Cprr Direct CPV component
Cinp < BR(Kg — 70t17) Indirect CPV component

CinT < /BR(Kgs — w0l+ti—) Interference term
Im(\) = —A%2X\%n Measures CPV in Kaon system

From PDG World Average Im()\;) = (1.36 £0.12) x 104
BR(K — 7TO€+€_)CPV x 10" ~ 17;8yp £ 9:n7 + Spin
BR(K, — m’utu " )opy x 10 ~ 9ryp + 387 + 1prr
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=L Conclusions
I ——

» First observation of the decays K¢ — n'eTe™ and
K¢ — 7'u 1~ has been made

BR(Kg — mlete™) =
(5.875-8(stat) 4 0.3(syst) =+ 0.8(theory)) x 107

BR(Kg — mu"p™) =
(2.9715(stat) 4 0.2(syst)) x 107?

» The results are compatible with each other in the
framework of y\PT and VMD

» Estimate of the BR(K; — #’I717) has been given
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