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The NA48 Set-up
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The NA48 Detector
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Magnetic Spectrometer:

Drift chamber 1

Kevlar window

Ap/p =~ 0.5% @ 0.009% x p[GeV /c] "N

Liquid Krypton Calorimeter: ?

AE/E = 3.2%/\/E[GeV] & 90 MeV /E & 0.42%
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NA48 Data Taking Periods
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K.3 Charge Asymmetry

W Charge Asymmetry in K| — mwev (K .3) events:

KL —7netv)—T(KL— e D)
1€) = N R = refo) —T(K, = nfe7) < Re(e)

(if CPT is conserved)

™ Previous measurements:
Geweniger et al., 1973: d.(e) = (0.341 +0.018)% (34106 events)
World average (PDG): 4. (e) = (0.333 +0.014)%

W NA48:. Data from 2001 run period:

— Reconstructed ~ 10° K .5 events in each mode
N(r~et) — N(rnte™)

— or(e) = N(n~eT) + N(nTe™)

W Systematics: Asymmetry of particle interactions
— Corrections due to M Trigger efficiencies

M Pion identification
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K.3 Charge Asymmetry

Systematics:

correction :
in 10~° |
Trigger +26.2 + 6.0 i
Punch through —1.4 £+ 3.5 S T S O O
Pion ID ~17.1 + 2.4 oo XUndf=090 (ndf=9) T |
Acceptance + 0.5 R N N
i P (GeV/c)
Background + 0.5 Eit in bins of
Total +7.7 £ 7.2 the pion momentum

Preliminary result:

6r(e) = (3.317 £ 0.070 + 0.072) x 10~3

Consistent with world average and recent preliminary KTeV result.
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Search for K, — 3 7Y

Ks — 37Y: CP violating (complete analogy to K|, — 7%7"):

CP|r'7n%7") = —|7%2%7"), COP|Ks) ~ CP|K;,) =+|K;)
Expectation (CPT invariance):
A(K 37! Im(A
Mooo = K — 7r0) = €+1 m(A,)
A(K_. — 370) Re(A1)

. — Real part fixed by CPT, imaginary part sensitive to direct
CP violation.

Previous measurements:

® CPLEAR (1999): Re(1o00) = 0.18 £ 0.15
M SND, Novosibirsk (1999): Br(Ks — 37%) < 1.4 x107°
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Search for K, — 3 7Y

Time evolution of K, s — 37:

K| decay Kq decay
/_M Ve -\ ™~
I30(t) oc e 12t 4 |ngeol? e tst

+ 2 D(p) (Re(nooo) cos Amt — Im(nggo) sin Am t) e—z(Ts+Ir)t

7

-~

K, -Kg interference

N(K7) = N(
N(K°) + N(

K0)
=5 ~ 0.35 momentum dependent.

Dilution D(p) = :

1.005

3 F _ -
. _3\. oo - Re(n _)=0.002, Im(N_ )=0
— W'th ’77000’ ~ O(].O ) g ioog; Re(rlooo)zo, |m(r]000)=o_002
o 1 B 000 000"
_ S ooz Re(N ) =+-0.002, Im(N] _)=+-0.002
Try to detect interference Erom PSS
£ 1l —— .
term. ?’) 0.999 —
g 0998 —
E o007
0.996 —
0.995 T S S R E
o 1 2 3 4 5 6 7

tau / tau(Ks)
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Search for K, — 3 7Y

Run period 2000: No drift chambers

— ldeal environment for neutral decays!

75 < E, < 80 GeV

Two different set-ups:

1.1 +— MC simulation

g 1.05—
O Far-target K L run % 1:_ e e
for ¢’ /e systematics. Fosp 7
% 09 . -L% IFitrefyion .ﬁ.
W Near-target Ks run I

110 < E, <115 GeV

for Ks high-intensity.
Method:

W Use 37 events from
near-target run for 7yq. i OO USTSUO OSSO
® Normalize to K, — 37 from 145 < E, <150 Gev

11 B MC simulation T
far-target run. ol " | |
tht !

1.1— MC simulation

1.05—

+ + 4
................ gt T b Py Ty T

-+

0.95—

Near target / Far target
=
[

O Use Monte Carlo to Correct é 1__..........;;++_,_,,+#+++++++++++++
for residual acceptance S oss-
difference and Dalitz decays. T e e T

7 8 9
Lifetime / 1 (Ks)
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Search for K, — 3 7Y

Data samples:

Near-target run: Events: % /" —
w 30000
37T0 data 65 X 106 20000]- 4 K- 31 (near targed
KL — 37"'0 MC: 66 X 106 10000_ . — K° = 31 (far target, scaled norm.)
Far-target run: LI R R A Ty
K, — 37 data: 154.7 x 109
KL — 3 7.‘.0 MC: 66 X 106 % o i —+ K° = 31 (near target)
= 200000{— — K° - 31 (far target,
| . . . g L0000l scaled norm.)
- Fit Method: Fit double ratio 5
37 (Data, Kg run) K1 —3nY (MC, Kg run) soooo]—
KL_)ST‘-O (Data’ KL run) KL_>37TO (MC’ KL run) O_ 60 80 100 120 140 160 _180 200
Kaon energy [GeV]
Cross-check:
- far target .
Fit far-target data (1,,, - = 0) with Monte Carlo only

— Re(ne 2 = 0.01 £ 0.40, Im(nh 29 = —0.49 + 0.38
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3m events / K, - 310 3m events / K| - 310

3m events / K, - 3m®°

75 < E, < 80 GeV

Fit of Re(no00), Im(7000)

Simultaneous fit in energy bins

09 <— Fitregion ——>

—> Free parameters:

Re(no00), Im(1000),

normalizations

Fit result:

Re(nooo) = —0.026 £ 0.010sat

11—
i Im(T]OO()) = —0.034 + 0.0104¢4¢
s
005 correlation p = 0.8
0.9 — ... S :
o 1 2 3 4 5 6 7 8 9 stematics:
y Re(no00) | Im(nooo)
Acceptance 4 0.003 4 0.008
Accidental activity | =+ 0.001 + 0.006
Energy scale +0.001 +0.001
K9 KO dilution +0.003 + 0.004
Fit + 0.001 + 0.002
A Lifétime /T (Ks) Total: +0.005 | +0.011
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Search for K, — 3 7Y

Preliminary NA48 result:

stat —

[ IMNg=(-34+ 1.0, + 1.1 })x 107

0
§ : 2
;104 [ Reny,=(-26+ 1.0y, + 05, 4)x 10

Re(n000) = —0.026£0.010sta:£0.005ys
Im(n00p) = —0.03440.01055£0.011sys

(CPLEAR: Re(nooo) = 0.18 = 0.14 £ 0.06 _0_02;
Im(noo0) = 0.15 + 0.20 £ 0.03)

002 L X*/ ndf = 415/405

-0.04 -

If Re(ngoo) = Re(e) (CPT):
008 |- g% CL FixingRe n,,, = Re&: ,
Im(nopo) = —0.01240.007sta£0.011gys | 'Mae=C1220furtly 0"

Re Nooo

Branching fraction: (preliminary)
Br(Ks — 37Y) < 1.4 x 1075 90% CL

With Re(noo0) = Re(ne) (CPT):

Br(Ks — 37Y) <3.0x 107" 90% CL
(SND: Br(Kg — 37°%) < 1.4 x 1079)
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CPT test from K. — 3 xY

W Bell-Steinberger relation:

Connects CPT violating phase ¢ with n parameters via unitarity:

(1 + 7 tan ¢5W)[Re(e) — 1 Im(5)] = Z Qf (psw = arctan FQLA_Tlf’S)
final f
® Largest contributions: e
oy 103 X Re(ag) 103 X Im(axy)
ar_ =n+_Br(Kg — ntr) 1.139 4+ 0.017 1.078 £ 0.017
apo = noo Br(Kg — 7¥7Y) 0.520 & 0.010 0.488 £ 0.010
Qf—ry = Ny—ny Br(K — 7mt777) 0.004 4 0.000 0.004 4 0.000
a3 0.004 4 0.000 0.003 £ 0.005
ay_g = :—i ni_o Br(KL — mtn—7%  0.000 £ 0.002 0.000 £ 0.002
Q000 = 72 1o Br(K — 37°) 0.029 +0.040 —0.026 £ 0.058
W NA48:  agoo = (— 0.009 £0.004) + 4 (0.01240.005) x 1073

— Im(§) = (—1.2 & 3.0) x 107°
— MgKgo — Mie = (—17 + 42) X 10_19 GeV

Rainer Wanke, Universitat Mainz
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Measurement of K, — 79y

Prediction from ChPT:

N 8k
(Ecker, Pich, De Rafael, 1987) § o) — XPT: 4+
_ - — XPT: Troonly
] Br<KS — WO’Y’Y)‘Z>O.2 = 3.8 X 10_8 < 67 - p-indep. weak vertex
. . . 5;__\\ -------- 3-body phase space
W JI'/dqg* distribution AN o
— Structure of weak vertex S
Experimental limit: 2¢
1 s
W NAA48 recently (1999 test run data):
8.2 025 03 035 04 045 05 0.55
Br(Ks — 7%97)[:>02 < 3.3 x 1077 2= oIV

This measurement:

W Data from 2000 near-target run (normalized to K5 — 7'7")

W Background: M Beam activity — Veto-counter, timing
B Ks — n'7n /77— Kinematics
m= — A7V - 7Y — Kinematics
B K — 7y — Irreducible
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Signal candidates:

31 events in signal region

Background

estimated
events

Beam activity 74 + 2.4

Kg — Woﬂga“tz 24 + 1.2

& Systematics:

K, — mVyy 3.8 = 0.0
Acceptance + 0.7
Total 13.6 &+ 2.8

Preliminary result:

Br(Ks — 770’)”)’)|z>0.2
— (4'9 :|: 1-65tat :l: O-SSyst) X 10_8

Prob. for backg. fluctuation: < 9-10~*

Rainer Wanke, Universitat Mainz

Preliminary result on K, — 7V~

1ar + data
12 B K, myMC
I H K, -myMC
10+ L=TW
i [] Kg-1°m8 MC
8,

M accidental b

(9.13 0.132 0.134 0.136 0.138 0.14

m,, (GeV)
16; e data- bkg
14; —— XPT prediction
125 | e phase space
10
sl
6F e,
al
e s
“““““““““““““““““

%
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Outlook 1: NA48/1

Run period 2002: High intensity K s data taking.

— Rare Ks and hyperon (2%, A) decays.
E.g.. — Search for Ks — 7’e’ e™
— Precision measurement of =" beta decays.

First look into 2002 data: = — X[~ v (with X7 — prV):

—_ ] )] —
20 — Ste v 2% - Xtu v
4000 — / o [N < 4
INVARIANT (P—ni°) MASS o 20t
3500 7 : ; H Lp+ T[O
wo | 9280 REC.T* | so- ||
L IN SIGNAL 1 “ \
2500 + REGION 40{ “ “
] n
2000 30%+ + ‘\“
1500 E ‘e“ ‘\‘
20 7 $ \
1000 ] “+
10 \
500 E ?
) Ll 07‘“\““\““t“‘rw”‘i‘\‘f‘#\i‘“w‘ﬁw””
=T 1.24 1.26 118 119 1.2 121 122 123 124 125 126
GeV/c’

>t Mass(GeV)
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Outlook 2: NA48/2

Run period 2003: High intensity &+ data taking.

Expectation: ~ 3 x 10'" K+ decays in fiducial volume

Goals: M CPviolation in K* — 77 %7 T Dalitz plot.

Predicted between 10~ * and 10
— Sensitivity to < 10 .

W KT -7 etr (K,.4) decay

—> Quark condensate (0|Gq|0), fundamental
parameter of ChPT:

2 m2
(0]Gq|0) = — L= =

Moy, +md

W Absolute measurement of Br(K+ — 7™ )

— Vs determination

W Rare K decays
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Summary

W Measurement of K.3 charge asymmetry (preliminary)

or(e) = (3.317 4+ 0.070 £ 0.072) x 1073

M New stringent limit on CP violation in Ks — 3#°%:  (preliminary)
Br(Ks — 37Y) <1.2x107% (90% CL)

(even better with CPT assumption!)

M First observation of Ks — w%~v~: (preliminary)

Br(Ks — m97)|,502 = (4.9 & 166t + 0.8gyst) x 107°

™ New results from high intensity /s run 2002 expected soon.
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