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Direct CP violation - |

~

CP violation in the neutral K system is dominated by state mixing: mass
eigenstates (Kg, KL ) are not pure CP eigenstates (K1, K>):

Ki=(K® +K°)/v2 (CP=+1)
Ko=(K° —K°)/v2 (CP=-1)

KsUKi4+eKy K OKo+eKq
€] = (2.274+0.01)-1073

Indirect CP violation

Indirect CP violation can be accomodated in a superweak scenario for
CP violation, restricted to the K system.

Does direct CP violation in the decay processes exist in nature
T..m. K1 — Nﬁo ?

AKO — £)| £ |AK® — )]
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Direct CP violation - |l
/

Interference of two decay amplitudes with different final state (strong)

interactions needed.
K — TtTtdecays: two amplitudes Ag, A2 (final state isospin | = 0,2) with

strong phases 0p, d> interfere:

_ AKL =TT K —1Pm0)

[ A Y
N4- = AReoe) ~ETE Moo= Zrmom) = €~ 28

'~ i (52) expli(82 — o)
Direct CP violation

The experimental observable is the double ratio:

MK, —1om K-
R = Fkeomor)/ Fikeomer) = 1 -6 Re(e'/)
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Standard Model predictions
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W
Indirect CP violation d - - s
through mixing -
—0 I 0 0
KO /K™ oscillations K et et K
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= £ parameter < - - 3
S w d
Direct CP violation +
through decay u.c.t uy 1
Penguin diagrams KO 9.2y .
= ¢ parameter AL
d d

Typical theoretical predictions/postdictions:
Re(e'/e) ~ —10"* to ~ +30-10~* with errors ~5=10-10"4
Very difficult (non-perturbative) problem.

Recent news from from lattice QCD computations:

(=7 to —2)-10* (CP-PACS collaboration)
(—8to —4)-10*% (RBC collaboration)
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Experimental measurements of Re(€’/¢)

New generation of experiments after inconclusive results in the early '90s:

3

(23.0+6.5) x 107% (NA31) (7.4+5.9) x 1074 (E731)
3.5 0 effect No effect
NA48 (CERN) KTeV (FNAL)
(1854 7.3)-10~% (97 data) (28.044.1)-107% (23% 96+97 data)

(15342.6)-10"% (97+98+99 data) (20.7+2.8)-10~* (prel. 96497 data)

Current world average:
(17.34+1.7)-10~* with x?/ndf=5.7/3

Direct CP violation firmly established

Final NA48/KTeV results for precise measurement

~
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NA48 history _
4 )

e 1990: proposal

e 1997: ~ 0.5 million K| — 110
Result published in 1999

e 1998: ~ 1 million K| — m°m°
Several improvements (trigger, DAQ, calorimeter)

e 1999: ~ 2 million K| — 1°10°
Further improvements in trigger and DAQ), higher data-taking

efficiency. Result published in 2001
e November 1999 : Beam tube implosion =- drift chambers damaged
e 2000: Only neutral data (cross-checks + high intensity Ks runs)
e 2000-2001: Drift chambers repaired
e 2001: ~ 1.5 million K| — 110 with different beam conditions
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The 2001 run had a better os
duty cycle, and a lower istan- os
taneous intensity 04
0.2

0

4._.:m 2001 run _

0

Time within burst (s)

Good K L Events / 100 ms

1998-1999 2001
Proton momentum 450 GeV/c 400 GeV/c
SPS cycle time 14.4 s 16.8 s
Spill length (effective) 245 (1.7 s) 525 (3.6 s)
Duty cycle 0.17 0.31
KL beam intensity ~ 1.5-10 ppp | ~ 2.4-10" ppp
Ks beam intensity ~ 4-10" ppp ~ 7-10" ppp
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The NA48 approach

-

IZA_Arlv%zoVZA_ArlanﬁJZ \
R = Rk / NRsoom) = 1 - 6 Re(€'/€)

The NA48 “philosophy” is to fully exploit the reduction of all systematic

effects in the double ratio to minimize the size of all corrections:

e Simultaneous, almost collinear K| and Kg beams, allow for
concurrent detection of the four modes in the same decay region
= cancellation of fluxes, inefficiences, dead times, accidental losses:

e Kg identification by time-of-flight proton tagging upstream of Kg
production target;

e Detector based on a quasi-homogeneous liquid Krypton calorimeter
and a magnetic spectrometer gives high resolutions
= minimize backgrounds;

e Apply lifetime weighting procedure to equalize Kg and K|
longitudinal decay position distributions
= minimize acceptance corrections
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Simultaneous Kg and K| Beams

Kg target

__:_ .......

Not to scale!

Detactor

Decayregion
Bent crystal 5.5 o0 5
£ G ET f&
cE GE = E
To 23 £%
a o Qo = O
~126m ~114m
-=ui = —ai -

Ks are distinguished from K| by tagging the protons upstream of their
production target.
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The NA48 detector

Beam pipe

Muon veto sytem
Hadron calorimeter

_ Liquid krypton calorimeter

Hodoscope

Drift chamber 4
Anti counter 7

Helium tank Spectrometer
Drift o:NBUQ
Magnet

Drift chamber 2
Anti counter 6

Drift chamber 1

Kevlar window

AN

Neutral
beams

Magnetic spectrometer
to detect TT" 1T events +
scintillator hodoscope for
event time measurement
Quasi homogeneous lig-
uid Krypton calorimeter
to detect T events and
measure their time
Anti-counters for pho-
tons and muons

Neutral beams always
through vacuum
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The magnetic spectrometer

V VIEW
U VIEW

Y VIEW

1 NA48
CHAMBER

Rebuilt drift chambers performed

well.

KO energy measured from tracks’ ‘
opening angle and energy ratio: de- oo -
pends on geometry and not on mag- .o -

netic field.

120 cm

X VIEW

x4

BEAMS

e 2 x 2 drift chambers + magnet
(265 MeV/c pr kick).

e Plane efficiency > 99.5%

e Space point resolution ~ 95um

O(P)/P ~ 0.5%¢ 0.009P[GeV /c] %

x 108

5000 ° NOOH

- 98499
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The LKr calorimeter

Quasi-homogeneous liquid Krypton calorimeter,
~ 120002 x 2 projective towers with accordion geome-
try, fast initial current readout

e Better than 250 ps time resolution

e Better than 1 mm space resolution

e ~ 0.5%(0.2%) uniformity before (after) corrections

O(E)/E ~ 3.2%/ /E(GeV) & 90MeV//E & 0.42%

K to °1° candidates

(Ei % Vi KO mass constraint:

D zk z _<_|Hx M:._m__m_.n__m_.
ongitudinal decay osition energy
scale
air hotons to get best T® masses
m; 5dj EE
resolution e °

o
[
kN
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K, /K ratio
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dN/dz
=
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Kgdecays

weighted K decays

K| decays

0

| | | ,
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decay position along beam axis
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events per 0.1 MeV/c
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R stability against cut variations

Cg<ll5cm

Cg<7cm

MM <40

AM_ <20
p';2 < 3.0x10"
p';2< 1.5x10™

x> <17.1

xm <99

1<3.814

T<29T14

tagging window = 2.5 ns
tagging window % 1.5 ns
accept QX dead time
accept MBX dead time
reject DCH-ovfl £ 234 ns
reject DCH-ovfl £ 350 ns
no extra clusters in 't
no Ks/Kl intensity weighting
yradius >20cm

track radius >20 cm
mom. asym. <0.2

no mom. asym. cut
ingoing tracks

outgoing tracks

[

total syst. error

Beam Halo

Charg. Backg.

Neut. Backg.

i{i'.{ii.

Energy scale
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