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Outline |

== [ntroduction.

== ['irst observation of:
Ks— m'utp~ (NEW!!) and

K¢ — mlete~ (Phys.Lett.B 576:43-54,2003)

¢ Background.
¢ Signal.

¢ Branching ratio.

== (Chiral perturbation theory.
=> K; = 1'u"u and K; — nlete CP violating

branching ratio predictions.

=3 Summary.
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Why Kg — n%u"u~ and Kg — 7lete™ 7

Motivation to search for K¢ — 7n'u"nu~ and Kg — nlefe :

=2 [{a0n physics could be sensitive to physics beyond the
Standard Model.

== [)irect CP violation has been measured by NA48 and
KTeV, € /e. The next goal in kaon physics is to test the
Standard Model predictions on CP, this can be achieved
testing quantitatively the CKM paradigm (Unitarity triangle)
by means of rare kaon decays.
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Unitarity triangle
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Note: Analogous picture for K7 — 7m%uT =~ you just need to substitute ete™ by ppu~.
g php y utp

Ky, — v and KT — 7 tvi are: Kr; — mete™ and K1, — mu™u™ are:
¢ Very clean theoretically. ¢ Not so clean theoretically
¢ Very difficult experimentally. o But more accesible experimentally.
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NA48/1 High intensity Ks beam (2002) |

== 400 GeV protons

== SPS flat top 4.85/16.8s

=~ 5 x 10!° protons per pulse

== impinging on a 40 cm long Be target at 4.2 mrad production angle.
== 74 mm pt absorber between target and sweeping magnet.

=== 5.1 m thick collimator.

=== |20 m vacuum decay volume.

=~ 2 x 10° Kg decays per spill in the fiducial volume with
a mean energy of 120 GeV.
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Na48 detector |

Muon veto sytem
Hadron calorimeter
Liquid krypton calorimeter

Hodoscope

Drift chamber 4
Anti counter 7

Helium tank
Drift chamber 3

Magnet

Drift chamber 2
Anti counter 6

Drift chamber 1

Kevlar window
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About the Analysis

== Predicted BR(KS — T ) ~ 10719 —107° ITl"=pTp~ orete”
== K, flux expected ~ few 10"

==> This required tight cuts to control the background, but

not so tight that they will kill the signal.

Blind analysis
— Slgnal and control regions masked.

Signal defined in the mo;+;- vs m., plane.

¢ Cuts tuned with a fraction of the data, while the signal region was
masked.

¢ Unmask control region.

¢ Unmask signal region.
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Background Summary

Background source

Ks — mutp~

Event in signal region

Total background

W
K; - ntnnY 0 005
Kr — putu=yy 0.04 £0.04
Accidentals 0.18%¢ 3

0227575

Background source
0 -0

K¢ — nlete~

Event in signal region
< 0.01

K; — ete vy

0.08 )05

Accidentals

Total background

07
0.075 005

0.15% 504

Dominated by
accidental background.

Dominated by
K; — ete vy and
accidental background.

Many backgrounds were studied using both data and MC, here only the
non negligible ones are presented.
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Accidental Background

—~ 0.17
== Accidental background: accidental Z oig | Outof time events
overlap of particles from two decays that (D : . o®
happen to be in-time and fake the signal. ;O b T
== Accidental background can be £ 04 - ':I?E‘:'I_ o o
determined from data extrapolating from %%~ LY
the out of time side bands. 012 ¢ ¢« .
(note: out of time window ~ 125ns, 041 bl ‘0‘5‘ 5 osa
intime window +1.5ns) (GeV)

My
=== Tight cuts imposed to veto on accidental activity.

== Major accidental for Kg — nm'u*p~ : Kg = ntn + Kg — 77"
(main), K; — 75uTv + Kg(Kp) — 77%(7Y) (significant)

== Major accidental for Kg — mlete™
K; — mfeTv + Kg(Kp) — 779 (7Y)

== Accidental background K¢ — nutpu™ : 0. 18+8 9

== Accidental background Kg — 7lete™ : 0. O7+8 8;
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Kgs — m'71Y, background in Kg — w'ete™

o 907
= 80;- 2002 data
g -0 P (m,, > 0.09 GeV) o
I 70} A cut on the m,,. distribution
S - [1 1 + conversions o
60 : ; :
> 0 1P+ conversion keviar is required to reject Kg — 7 7},
50 |-
0 O+ conversior\d CH1
- O _
40 -l rf(ee) H (7}, — eTe~y) background.
30
0 e A conservative cut is applied

20

Mee > 0.165 GeV

10 |

8.09 0.1 0.11 0.12 0.13 0.14 0.15 0.16
m ee/GeV

Ks — 77% background above 0.165 GeV is negligible.
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K; — ete vy background in Kg — 7nlete”

> 0.65
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K — eTe vy background is estimated using 2001 K data
(10 x 2002 statistics).

= [{; — ete"yy background = 0.087) s
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First observation of K¢ — nlu*™u™

017 ; 017, .
> - ?
G) L [ J Y q) - J
3 0.16 ' o 3 0.16 . ::‘::
~ 015 L ~ o015 ° o 4.
5;0.14 o 5;0.14
- A ~ e ¥ o
013 - 0.13-
012 - ’ 012" ’
T R N B S R - | | b
011 041 o046 048 05 o052 os4 15 0.25 03 035 0.4
mmm(GeV) m,, (GeV)

6 events found in signal region

== N0 events found in equivalent same sign distributions

=3 No accumulation of background close to the signal region
by relaxing the cuts.
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First observation of K¢ — n'ete
<, 065 <, 065
8 8 05 |-
< 06 < 06} .
v ¢ 049 |- .
E E 0.]‘.34 ‘ ‘0.136
0.55 | 0.55 |
0.5 05|
0.45 § 7 0.45 |
0.4 0.4 |
03501 015 02 025 03 035 035517011 012 0.13 0.14 0.15 0.16 0.17
m_, /GeV m, /GeV

7 events found in signal region
== No events found in equivalent same sign distributions

== N0 accumulation of background close to the signal region
by relaxing the cuts.
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Branching Ratio Summary Table I

Kg — WU,LL+,LL_ Kg — mlete
Kg Flux (2.50 +0.08) x 10% (3.561 +£0.17) x 10
Acceptance X
Trigger Efficiency | 0.081 £ 0.002 4+ 0.004 0.065 4+ 0.004
Background 0.227515 0.15%5 04
Events 6 7

(Mee > 0.165GeV)
Branching (2.9712 £0.2) x 1072 | (3.0513 £0.2) x 10~
Ratio extrapolated %
(5.8728 +£0.8) x 107°

=== T'he systematic error is one order of magnitude smaller than the
statistical error.

== 4 A vector matrix element with no form factor dependence has been
assumed to estimate acceptance and to extrapolate to the full

Mee spectrum. The uncertainty in the form factor dependence dominates
the systematic error.

=P Statistical error in flux measurement is completely negligible.
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Systematics due to form factor dependences

== \[ain source of systematics to determine the Branching Ratio is the
unknown form factor (W (z)).

2

K

== s and bg parameters have to be determined experimentally
(theory prediction only available for bg/ag).

ooooOOOOO'foooooooooo

= [vent geometry depends 0.1 o Acceptance T

on ag and bg : e NI T TP S
== (seometrical acceptance - * Acceptance* Trigger Efficiency W

dep ends on ag and bg 0.06 ;D Acceptance* Trigger Efficiency TIOSS

== T determine ol ° S

BR(Ks — w’ete™ ) for the whole ] o |

Mee Spectrum an extrapolation is 002 a o

needed. 7‘\\\\‘\\\\‘\?\\‘\\\\\\\\‘\\\\‘\\\\‘\\\\‘

-10 -75 -5 -25 0 25 5 75 10
by/ag
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as and bg determination

Br(Ks — mete™)}=[0.01 — 0.76a5 — 0.21bg + 46.5a% + 12.9asbs + 1.44b%] x 107"
Br(Ks — m'u" ™ )=0.07 — 4.52a5 — 1.50bs + 98.7a% + 57.Tasbs + 8.95b%| x 107"

hep-ph /9808289
Assuming VMD (bs /as = 0.4) ag can be extracted independently:
Br(Ks — n%te™) ~52x 107%% = |ag|ree = 1.067035° 4+ 0.07

Br(Ks — mutp™) ~1.2x107%% = |ag|mou, = 1.557735 £ 0.05

Kg — mutp~ and Kg — wlete™
combined (log-likelihood fit):
o =—1.4755 and bg=9.8733

or
o =1.2"2% and bg=—9.2177
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my Invariant Mass Distribution

1.5

1.25

=

0.75

Events (arbitrary scale)
o
(6]

0.25

..J“.

1

I TR R H NN N I

CVETIE (dronrary stdie)

' BT — 2 BN TR RNTIE N

p'u” mass / GeV

O - 1 I —] III""IJ 1 1 1
0.2 0.22 024 026 028 0.3 0.32 034 036 038 04

N

=
o

=

0.5

K T T T |\' T T T T T ]
A \ i
- /" :
- /'l _
i / ]

(0] 0.05 0.1 0.15 0.2 0.25 0.3 0.35

ol
IN

e’e” mass / GeV

== (ur statistics are too low to determine the my distribution.
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Results on BR(Kg — mu*u~ )/BR(Kg — wlete™ ) |

BR(Ks — nutp~ )/BR(Kg — mete™ ) is interesting
because:
== There is a clean theoretical prediction.

BR(KS_MTOH—I_M_) — () 50—1—0.31 + 0.08
BR(Kg—mlete™) NA48/1 data 0327 7
BR(Kg—mu*p~) 0.93

— — U. [hep-ph/9808289]
BR(KS%W()e—'—e )XPT pT@diCtiOﬂ .
BR(Kg—7 u"p~) — 021

BR(KS—>7TO€+€_)pure phase space

[Ecker,etall, NPBB291(1987)692—719]
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K; — 7"~ components

The decay Ky — w°lTl~ (I = e or u) has three components :

e CP conserving

NA48 measurement BR(K1 — w0vyy) : K ! = W
BR(KL — 7Ot~ )CP cons ™ 1012 Y
[Phys Rev D 47:4920-4938,1993] - 1 —_—
e direct CP violating
Proportional to n or Im(As) ¢ - ’ d
Im(\) = nA?X\° At = ViV, S d
[ Kettell, et al, hep-ph/0212321 ]
ot
e

e indirect CP violating
— BR(Kp — 70T~ )ipg = |e|2(:—g)BR(K5 — w0t )

The measured BR(Ks — 7%~ ) allows the prediction of CPV branching ratio of
Ky — 7°ut ™ as a function Im();) to within a sign ambiguity
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Branching Ratio Prediction for K7, |

I I .
BR(Kp — 7"l )cpy x 10" = Cixp & Cin ( m()\t)) + Cbir ( m()\t))

107 10~
where: hep-ph/0308008
= ('pDIp Direct CPV component
== C\p ~ BR(Kg — w°lT]™) Indirect CPV component
= (N7 ~ \/BR(KS — w0 +]~) Intereference DIR-IND

Taking Im()\;) PDG world average (1.36 +0.12) x 10™%:
BR(KL — 7T0,u+,u_)CPV X 1012 ~ 9indirect =+ 6interference + 1direct-

0 — 12 ~
BR(KL — T €+6 )C’PV X 1077 = 17indirect + 9interference + 5direct-

KTeV measurement: BR(Kr — m°utp™) < 3.8 x 107'°(90%CL)

KTeV measurement: BR(Kr — mete™) < 2.8 x 107'°(90%CL)
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Summary (1) |

==> ['irst observation of Kg — 7'u"p~ : 6 events. (NEW!!)

==> [irst observation of K¢ — n'eTe™ : 7 events.

BR(Kg — mutpu™ )=(2.9715(stat) £ 0.2(syst)) x 10~ (NEW!!!
1.2

BR(KS—>7T0€+6_)(m66>0.165GeV) —
(3.0715(stat) £ 0.2(syst)) x 1077

BR(Kg — 7mlte™ )=(5.8"2%(stat) £ 0.8(syst)) x 1077
2.3

Phys.Lett.B 576:43-54,2003
hep-ex /0309075
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Summary (II) |

=2 /(¢ BR results together with ypr predict:

QB(KL — 7TO,UJ+,u_)CpV ~ (04 — 16) x 1071 (NEW”')

= 3(K; — 1lcte ) opy ~ (1.3 —3.1) x 1071

==> [igher statistics are needed to have a precision ypr test.
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EI

Other rare decays results from NA48 NEW!!
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K — m=n%e* (7)) |

BR(Ke4) = [5.21 +0.07(stat) £ 0.09(syst)] x 107

Ke4 form factors: 5222
200
f.=0.052 £ 0.006 & 0.002 175 |
150 |
r 125?
f, =—0.051=£0.011 £ 0.005 0
75§
A, = 0.087 £0.019 % 0.006 50 |
25 |
_ S
h=—-0.324+0.12 + 0.07 2 0 T

Ke4 sample: 5464 events with 62 background events.
Form factors agree with previous measurements with improved accuracy.

Coupling parameter of the chiral Lagrangian Ls = (—4.1 £0.2) x 1073
evaluated from data.
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K; — m&n%* v, (%) |
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K; — m&n%* v, (%) |

w
o)
o

[%) 0225 ¢
) : S E
300 3 200 E
: J( 175 |
250 |- :
: 150 |
200 ¢ 125 |
150 | 100 |
: 75 |
100 i
i 50 |
S0t 25 |
0 I T I T T S R NS S S R B R I NI 0 : ! ! ! ! | ! ! ! ! | ! ! ! ! | ! ! ! !
0 0.05 0.1 0.15 0.2 -1 -0.5 0 0.5 1
m, /GeV cos(6,,)

Teresa Fonseca Martin La Thuile - March 4, 2004



Ky — mexv(D)y |

BR(Ke3y, E5>30Mev, 0}, >20deg) =

[0.962 + 0.007(stat) 002 (syst)]|%

NA48 (PHOTOS MC)

= no systematic error
Data sample : —%= o systematic érror
=== \[ore than 18000 Ke3v events. —x— model independent MC
== Normalization: 5 x 10° Ke3 e KTev

NA31

X

== Result compatible with
theoretical predictions. i e

== Result disagrees with the
previous high statistic experimental
measurement.

¢ Donsel

—_— ChPT O(p%

I I ‘ Ll Ll ‘ I ‘ I I — ‘ I I — ‘ I ‘ I ‘ Ll Ll I
0.875 0.9 0.925 0.95 0.975 1 1.025 1.05 1.075

BR(K,, 120, 30 MeV)/BR(K ;)

ed
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