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4 Outline

=== |ntroduction.

=== Results on yPT:
o K — 7m'yy
o Ks— myy
o K15 — vy

e K s »mtmete”

+

e K; — eTnTr, not so rare...

.

=== Results on indirect CP-violation:
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4 Detector N

Muon veto sytem
Hadron calorimeter
Liquid krypton calorimeter
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4 Overview of NA48 runs A

1997 1998 1999
Kr L K K+ Kg K; + Kg K HlI Kgq
L,/ o €' /e €' /e K.3 | Kg decays
€/c (K1 decays) Ky decays | K3
2000 (no spectrometer) 2001
Ky n Hl Kgq K+ Kg
¢’ /e checks | checks | Kg decays €' /€
K decays (KL s decays)
2002
HI K¢
Kg, A decays
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4 K1 — mVy~y: Physics A

=== [ecay amplitudes
o \PT, O(p*) prediction: BR ~ 0.6 -107° (~1/3 observed rate)

o O(p°): rate and m.., spectrum well reproduced by VMD mechanism (a.
parameter).

e a, allows CPC component of K7 — w°eTe™ to be predicted.

O(p?) VMD
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K1 — n%y~y: Analysis

2 1000 2
§ +DATA § +DATA
% [ Background +|i %
: . : k d
= — Expectation = 300 | ) Backgroun
750 .
— Expectation
200 -
500
Control Control
250 |- Region Region 100 -
I g et
125. 130. 135. 140. 145.
m,, [MeV/c]

.

=== 1098-1999 Data.

X*/n.d.f = 31.1/30

T

™ [
0. 100. 200. 300. 400.

my, [MeV/c]

= 2558 K — v~ selected events (132 < m o < 138 MeV/c?).

=== Background:
e K; — 279 (0.16 + 0.08)%
e K — 3n% (2.74 4 0.42)%
e Pile-up: (0.32 £ 0.21)%

/
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4 K1 — m%y~y: Results

== = a, = —0.46 + 0.035¢at == O'O4SySt

e Main systematic sources:
— Monte Carlo, Acceptance, Background.

) | BR(K — 7°v7v) = (1.36 £ 0.03,ta¢ + 0.03,4.¢ & 0.0310rm ) - 10—

e Normalization channel: K; — 7979

e Main systematic sources:
— Acceptance, a,.

==> | BR(Kj — m°e*e)|cpc = (4.717]) - 10712

. v
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-

Kg — m%y~: Physics

=== PT prediction

e BR(Kgs — m°y7)z,>0.2 =3.8-107°
(Ecker, Pich, De Rafael 1987)

e Chiral structure of the weak vertex from
dI'/dq? distribution.

1/ dlU/dz

(o]
T

— xPT: TCO+T]

~

xPT: ° only

»

- - - p-indep. weak vertex

-------- 3-body phase space

S S R N NS RRNN RSRIN SRR RN W
8.2 025 03 035 04 045 05 055

2 r2
Zq:q/MK

=== [\]easurement

e Data from 2000 near-target run.

— Accidental

— Kg — 7%xn"®

=0 5 A% — na9%x0

— K — mPyy

e Background:

.

/
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4 Kg — mvv: Result (Preliminary)

Source Events
=== 31 signal candidates Accidental 7.4 +2.4
Kg — 970 | 2.4 £1.2
C 0
=== Systematic Effects Kp —myy | 3.8 0.0
Acceptance +0.7
14; » data 16 e data - bkg
12F B Kgon'yyMC 14; —— xPT prediction
10:, W K r'ryme 120 | e phase space
OJ Ks—mongMC 1of
8: M accidentalbkg. | | 7T
6 o
[ [ T
‘ i
2} DY S N R
013 0132 0.134 0136 0.138 0.14 82 025 03 035 04 045 05 055
m,, (GeV) %
mmmd> Result | BR(Ks — 7%~~) = (4.9 &+ 1.645ta: + 0.85yst) - 1072 )‘m

. v
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4 Kg — ~vv: Physics )

=== [Pecay Amplitude
o XPT O<p4) prediction: BR=2.1"- 10_6 (D’Ambrosio, Espriu, Goity)

=2 Measurement
e Data from 2000 near-target run.
e Main background sources:

— Kg — w%xn"® —
— K — vy —
e Other backgrounds:
— hadronic bckg., accidental vy pairs (2.1 +0.7%)

— residual Kg — 7970 (2.1 + 0.4%), Dalitz decays (1.5 + 0.3%).

. v
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4 Kg — ~vv: Analysis N

*  Yycandidates 1600 - *  Yycandidates
Kg—yy MC r Ks—yyMC
10f K, —yy MC 1400 - K, —yyMC
P Kg—21" MC [ K¢—2r" MC
r 1200 |-
10 ;i signal 1000 L signal
E region L region

800 |

. :
.

PR I L b ’\J&{‘\“‘\“‘LM
0 200 400 600 800 1000 1200 1400 -200 0 200 400
Zver

I I I
600 800 1000
tex (Cm) ZVfrfeX (Cm)

=== K flux from K — 37" (2000 far-target data):

'K — vv)

— (2.81 4+ 0.01 + 0.02 .1073 | PDG: (2.77 +£0.08) - 10~ 3
F(KL R 371'0) ( stat syst) ( )

=== Normalization to Kg — 7°n¥ decay rate

. v
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4 K¢ — ~vv: Result h

== 7461+172 signal candidates
mm | BR(Ks — 77y) = (2.78 £ 0.0654¢ = 0.035,5¢ & 0.02¢4¢) - 107°
N 4 [
%\:3.5
< === 30% difference from O(p?)
S s xPT prediction.
[ *
25 | |
IS
2 [R5 === |ndication of a large O(p°)
ol contribution.
E O(p4) 0(p6) NA31 NA48/99 NAA48/00
o i
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4 Kgp — mn~eTe : Physics h

#KL

a) et b) N
s

p ot Ky T
1B g +

T c M1 e_e
¢) nt d) o+

KL L KL K

Sk et S

et T

e e

e The M1-IB interference yields an asymmetric distribution of the azimuthal
angle between the CM 777~ and e*e™ decay planes

e Prediction: A(¢) ~ 14% (Indirect CP violation).
== = KS

e Only IB contribution (No asymmetry).

. v
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4 Kgp — mn eTe : Data N

=== 1008-1999 Data.

=== Signature: 4 Tracks

=== Selected Events: K : 1162 Kg : 621

mmm Background: Kr, : (3.2 +0.5)% Ks: (0.1 £0.2)%

8 0057
«{ § ¥ (a)
% 10°%E K —>n+n'e+e' é0.0Z [
= E L eh [ signal region
N e data S0.01 15
~
2 O double K evts ) -0.01 |-
S ) 1162 candidates ¥
> 10°F B MCK,—n'me’e in [
E . . -0.03
B MC KL—>TC+1t'Tt0D signal region i
-0.05 L o el
04 04—2 044— 046 04—8 05 052 054
S/B =31 M(n*ne*e”) (Gev/c?)
10
LR 300
> (b)
2 250 s
S Kj—onmme'e 621 "
events
™ 200 pN .
+ m
1 [~ . .
2 150 signal region
w
107
0.44 0.46 0.48 0.5 0.52 0.54
- — 0.4 0.42 0.44 0.46 0.48 0.5 0.52 0.54
M(r*ne*e”) (CGeV/c? ’
( ) ( /<) M(m*n e*e”) (GeV/c?)

. v
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4 Kg 1 — mn~e"e : Branching Ratio N

® Normalization channel K7 — 7r+7r_7r0D.

® Acceptance by Monte Carlo. M1 coupling form factors of K decay measured from data.

~, 80 ~, 60
N et @ N @
3 K, —>n're’e 3 b
= =
60 |
2 * No FF C ek K; > nme'e +
% f + — KTeV FF _‘2 * I
Sawf H — NA4SFF g b + * m
+ 20 |
of Hi
+ it of i
o # | | R . o‘Hn_.ﬁnmt....|....|...'lmuu
025 0.3 035 0.4 045 05 055 0.6 025 03 035 04 0.4:5_ 0.5 2‘55
M(m*n”) (GeV/c?) M(m*n) (GeV/c%)
“{200 ® ~, 150
3 H+ K, »n'ne’e 3 (b)
=
0150 *+= E
o~ H
~ i No FF N
2] )
§1 00 H — KTeV FF g
i 4 — NA48 FF E:
s0H 1)
AR T
Thedas .
0 L | + ety Y.,
0 002 004 006 008 0.1 0 002 004 006 008 01
M(e*e”) (Gev/c?) M(e*e™) (Gev/c?)

BR(K; — ntwn ete™) = (3.08 £ 0.09:¢at £ 0.15,,.¢ £ 0.10n07m) - 1077

e | BR(Ks — nmtmeTe ) = (4.71 & 0.23 510 & 0.1645y5t & 0.15105m) - 1075

/
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KS,L — 70

_|_

T €

=

. Asymmetry

0.5

e 5S¢
N trete (@
> s+ Kpomwee +
° F
& 3 Raw A, =(24.9+29 )%
2 B o
1 E 4
s S SRR S oo o
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-0.5 -0.3 -0.1 0.1 0.3 [oX
b=sinpcosyp
E\? 5
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z
I
2f <A_>=3.49%
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e 5
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N 4 K,—>n'ne’e ©
©
[ -
> 3 Acceptance corrected
2 A,=(142£3.0,)%
1
0
-0.5 -0.3 -0.1 0.1 0.3
d=sinpcosy

1/ dr/de

Area(®) (%)

K¢ > n'me'e

A, =(0.51£4.0,.%

stat
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5
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3 |
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2 RIS IS S N S S SR SRS SR S S S S
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Ap = (14.2 4 3.05tat = 1.95yst)%
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/ KL —>€:t7TqEVe \

BR(Kp — etn~0,) — BR(Kp — e " 7rr,) 2Re(e)

== = Oo -
BR(Kp —w etnv.) + BR(Kp — e wTr.) 1+ |€|?

e CPT invariance.

o AS = AQ.

=== [\/easurement:

e 2001 Data.
5. — NEL-NEL)
€ NEKLH+NEL)

e ¢ — 7 identification by E(LKr)/p.
e Selected Events ~ 2.1 - 10° (~ 10® per B orientation mode).
e Statistical Error ~ 7 - 1077,

. v
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1

25 F

1.5 I

4 K1 — e*nFu,: Analysis (Preliminary) A

=== Systematic Effects Source (10-5)
e Fake asymmetry from particle in- _llg-:)gngfg —fg; igi
teractions Punch-through -1.9 £2.3
e Data control samples: Acceptance +2.0

_ = 10 |
K; — 7T+7T_7T K; — Kg int +0.4
— Kg - Accidentals +0.4
e Corrections track momentum Background 40.3

dependent
8,107
5.0

 x/ndf=69/8 Tt

1 ‘ L 1 1 Ll
0 20 30 40 50 60 70 80 90 100

P_ (GeV/e)

.
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- K1 — e*nFu,: Result (Preliminary) A

m— | §. = (3.319 £ 0.070,¢4¢ £ 0.068,,:) - 10> )‘m

e Average over magnetic field orientations (I-r fake asymmetry suppressed).

=== \\orld average:

-3

5, 10
4 ¢
3.75
3.5
3.25
3
2.75
2.5
2.25
2

-

———

d. = (3.323 £ 0.055) - 10~ °

CERN 70
CERN 74|
KTeV 02
NA48 03|

Columbia 69
Princeton 73 |
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4 Conclusions

mm  ; — w097  Phys.Lett. B 536 (2002) 229-240
o a, = —0.46.
e Negligible CPC contribution to Kj — mlete™.

— KS — 71'0")/")’ Preliminary
e First measurement of Branching Ratio.

mm K s — 7Y Physlett. B551(2003) 7
o Precise measurement of the I'(K, — vv)/T' (K — 37Y).
e Large O(p®) contribution to BR(Kg — 7).

— KL,S — 7T+7T_€+6_ submitted to CERN prepint
e CPV evidence in K, decay.
e First measurement of the K g Branching Ratio.

m— K; — eiﬂ':FI/ Preliminary
e Competitive charge asymmetry measurement.

.
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