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e Program that will continueto
help producing:
—A coherent picture of flavor
physics
e Kaons & Hyperons b, t, etc.

—Precision measurement of the
CKM parameters

—L ook other manifestations of
Direct CP violation

Required before we can

W | challengethe SM



Puzdein B's Can it be.confirmediwith kacns?

The measured Br(Bpp, pK)
exhibits puzzling patterns.

The Bpp hierarchy can be
accommodated in SM, whilethe
BpK system may indicate new
physics (NP) in the electr oweak
(EW) penguin sector with alarge
CP phase.
(Buras, et. al.)

Conseguence:
Br(K, p°nn) ~ 10 x Br (K, p°nn)g,,

> 3xBr(K* pnn)

> 3 x 1010

Could be measured soon...



Further signsiof NPin K, pYl could le

Not only Kpnn! NP sensitivity of K Pl
system:

Buras,Fleisher,Recksiegd,
Schwab : hep-ph/0402112

K. p°l'l easer
experimentally, but
theoretically
harder... need

Kp°l |




J=2: Br(K, p%e) < 3x1012

CPC -
3=0: Br(K, p°mm ~ 5.2x102 Indirect CPV

CPV






Main task off NA48-1 was e

J=2: Br(K, p%e) < 3x1012

CPC -
J=0: Br(K, p°mm ~ 5.2x102 Indirect CPV

Lpiree—
CPV u

Br (K, p°eg)g, = 5x10?'2
Br(K, p°m),,, = 1x10*
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102 ppp - K¢, X% L° beam line
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Production rate K./ X° ~ 40/1




NIA4BLIDEIECIO);

Muon system:
S(t) ~ 350 ps

S, (p°p°) ~ 2.5 MeV
Sy(pp) ~2.5MeV

Spectrometer :
P, kick ~250 MeV/c

s(P)IP @0.48% A 0.009 P[GeV/d]%

L Kr Calorimeter:
s(E)/E @B.2%/ E A 9% /E A 0.42%
s(t) ~ 265 psfor 50 GeV e




- Prediction:  BR(K. > pOl*|)~10° Only afew events
" expected
» 2002 run: ~4 x 10*° K. decays

» Procedure: “ Blind analysis”
@ Signal region:  25s,, 25s,,, } M ask ed

@ Control region: 60s, 6.0 S o

. D ata

@ Backgrounds study: |
FIX cuts
@ v Csimulation

@ Unmask control and signal regions




[=11:St elhservatiion; of

Kgoe'e K ¢pnm
>l.65 - —
(¢)) i os [ —~ ~ . .
9"*6\7;'/82@ o] SR 6 signal
Sos| T 0t events
= 80.15 |- %o
= =S
0.45 B (&%)
, . 0.13 |-
41 0.12 - )
0-3% "6.1 0.11 0.12 0.13 0.14 0.15 0.16 0.17 0.11 - 044 046 ous 05 03> 0sa
M (GeV) M . (GEV)
BR(K;®@ple'e) = (58735 %8 ) x10°

BR(K ®@p°m'm)= (29775 13@2 ) x107°

Stat

Cambridge & Northwestern theses



90
80
70
60
50
40
30
20

10 |

e | |
8.09 01 0.11 0.12 0.13 0.14 0.15 0.16

"+ 2002 data

B xnd(m,, T 0.09 GeV)

1 n°7° + conversions

B n°n%+ conversion kevlar

Rt conversimﬁbcm

7 B °n%ee)

[ 0_0
:DTETI:DD

M#

m_, (GeVic?)
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@Study of outof-timeevents
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SO CANNVEN GOEKNOIRIN PN NN 910 7

CPC ‘Indirect CPV l

loee—
CPV
Now we check for
NP in theEW
N

Penguins
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S e (1.0,0) (1.4,0)
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K.—»0dg, K, —»e€e'eg

K.»e'eee,eremm

\.

CPC part:
BR(K,—*>p°gg) Knowledge of K, — Qg vertex
BR(K,—> e*e e*e)
Indirect CPV part: BR(K,® p°e e)y, x 101= (3.1 or 1.3)+1.0

BR(K<> p°l*l°)

BR(K, ® p°ntm),, x 10*= (1.8 or 1.2) +0.3




Ready fier next.generation 6f: seaiches

KTeV results

BR(K, p°ee)
<2.8x10Y@ 90%CL

1 event (1 expected
background)

BR(K, p°mm)
< 3.8 x 1010 @90% CL

2 event (0.87 expected
background)

| nterf (-)

| nterf (+)
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L —» 3939, KL—> ere g
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CPC part:
BR(K,—*>p°gg) Knowledge of K, — Qg vertex
BR(K,—> e*e e*e)
Indirect CPV part:
BR(K< > p°l*l)
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EEVIPrecisieniV easuemenisSy:

3x3 a complex phase possible

Without giving up Unitarity
T ay& |
R‘?ud Vub\ / 1 ; 2 A 3( | )\

gvm 1“2  A°
Va Vo Vo) (AL 0) AT 1

1f V', ,V,.i1scomplex CPisviolated..
In shorthand:

VY (o #01




ViNnatxeERIicRAReN EnE

e Unitarity of CKM matrix requires:
|Vud|2++ |Vub|2 = 1

3.PDG 2004 data:

IV, | =0.9738 £ 0.0005 - Neutron b-decay
I\I I = IQ R7 -+ n A7\ 1“3 - I I\I I2 1“5 nnﬂ|=ﬂ=|ﬂln\

1% Measurement needed
(limited by theory)
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NA48 |V | Measurements
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Paia/MiCaAdiSEen:



ResulisiopBreAlisEen):

Mainz, Perugia & Torino theses
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Beanmilinelin20038:-
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Pata/VEHoml e

Data/MC

Without radiative
corrections

Data/MC

With
corrections
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Extra care most be taken with radiative

corrections before extracting V..

34



ResulisfornBrallEnlean

Northwestern thess



ResulisionlValbieniEibZen

S~

Correctionsfor radiative events of 0.9944
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Hestlisior B (1<% <r)!
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V xf.(0)

PD G02

CKM unitarity ‘crisis’ has disappeared




SUummany.en NA4S. .

« Uncertaintiesdominated by theory... f,(0) or g,/f;:

 Should check Br ratios & form factorsto closethis
chapter from the experimental side.



Next...L ook for other

manifestations of
Direct CP-violation

2003 K+/- run: ~ 50 days

2004 K+/- run: ~ 60 days




High precision study of charged K aon
decays as the probesfor:

Qualitative tests of the SM
& search for new physics

P direct CP violation

Direct CP violation In Kf® ptp*p -, K*® p*p°p°
M(u)u 1+ou, u=(2mJ/m?) (mJ/3—-E*

S(A,) <240-* (limited by statistics)



HieenRyiéaexperdimeniallimniis

L experimentsup to 2002

G| N A48/ 2




- recorded events, 10 © # of Super-
run P K®PF \s‘@m,g'@%
2003 (1) 00 % nort-stable
conditions
2003 (11| 1300 50 3
2004 2150 130 5
T otal ~ 4 050 ~ 200 3




Coreltilons (1)

Healthy NA48 Post Re(€'/e) Era
Solid signalsfor Kp °e*e~, Kp °mm-
Ready for theK p °I*I- measurements
Significant improvement on other rare decays needed
todeterminer, h or g b inthe kaon system
New generation of V . measurements from K*, K, and
X° semileptonic decays

Crisisgone...!?

Still todo... Br, form factors, radiative decays (Minimum bias
data taken in 2004 for thispurpose: 40X larger 2003 data
sample).



ConciuseRsINY

Next Near future

New generation of searchesfor Direct CP violation
K+ K-asymmetry (NA48/2)

Finalize rare decays analysisfor K*, K, & X°
decays (NA48, NA48/1, NA4S/2)

Next Not so far future

NA48/3 K* p*nn First 2009
NA48/4 K, p°ee(mm)

NA4S/S Ko pPnn




