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The NA48 Detector

Muon veto sytem
Hadron calorimeter
Liquid krypton calorimeter

Hodoscope

Drift chamber 4
Anti counter 7

Detector components:

Helium tank

Drift chamber 3

W Magnet spectrometer
4 sets of drift chambers.

Ap/p ~ 0.5% | for p = 20 GeV/c.

Magnet

Drift chamber 2
Anti counter 6

Drift chamber 1

W Hodoscopes:

Fast trigger, precise
time measurement (o; = 150 ps). ?

Kevlar window

AN

¥ Liquid Krypton Calorimeter (LKTr)
AE/E ~1.0%| for E. ., = 20 GeV/c.

W Hadron calorimeter, photon vetos, muon counters
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K¢ and =" Decays:
The NA48/1 Experiment

Data taking in 2002:  (NA48/1 experiment)

W Purpose: Measurement of very rare K¢ decays and
neutral Hyperon decays.

W Neutral beam with target close decay region.
(K g target from ¢’ /e measurement, but 200 x intensity.)

W Total statistics: Kg flux: ~ 3.5 x 10'°
=0 flux: ~ 2.4 x 10° in the decay region.

KS target

Decay region

~126m ~114m

-
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Weak Radiative =° Decays

Weak Radiative Hyperon Decays: (2% — Ay, 2% — X%, ...)

W All interactions (weak, strong, e.m.) involved. P A\
W Several competing theoretical models ? =0 Ay
(pole models, quark models, VMD, ...) v =
Decay Asymmetry in Hyperon Decays: Cg% = No(1 + acos O)
W Very different theoretical predictions sign of & | 20 — A~ | 20— 30~
for decay asymmetries. pole _ _
QM,VMD| + —

M Method for 2° — A~: Measure cos © 5
between =% and p from A — pr~. I
— Independent from =° polarisation! A

= y
WEY - 3 - (Ay)y: / !
Build product cos ©=_, 5, - cos Ox_A~. "
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O — A~ Decay Asymmetry

=0 — Avy: 43814 decay candidates.
Background: 0.8% (2° — A=Y, accidental overlaps)

-0 =0
= Ny = - Ny
£10°¢ — Q 15 |
e data e -e data . 38 r
w= 104L = AyMC £ 4000 (= flat AyMC o1
- o ATCMC & -m background x 10 , 2 Z
2 1030 B syMC 3 | = ©
m accidentals |
2
107¢ 2000
10 I
| 1
i 1.28 1.3 1.32 1.34 1.36 0
m,, [(GeV/c) ! 05 0 05 0055

B Fitresult: azo_p~ - aa—pr = —0.439 £ 0.013tar 3= 0.038syst
(Systematics mainly from energy dependence, trigger efficiency.)

W Use ap_pr = 0.642 £ 0.013 [PDG]: (NA48/1 preliminary)

aZo_ Ay = —0.684 + 0.0204 + 0.0614

(Previous measurement: o = —0.78 = 0.19 [NA48, 2003])
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O — ¥y Decay Asymmetry

=Y — 3%y : 13068 decay candidates.
Background: ~ 3% (Mainly 2° — Ax0)

_ =0 0
4 :O—> Zoy =2 Y
1] 10 E 0 0 — 2000 (@]
S - =0 5 v . dgta S e data =
8.4 = iy > ‘m flat Sy MC S 20
510 EQVMMCC S 1500 fm background r g r
z 3 . m accidentals 8 I . ° 15 -
102} A i
1000 r
10 1h
500 :
| 1¢ 05 |-
% > 0 L L L L ‘ L L L L ‘ L L L L ‘ L L L L
7 1.28 13 1.32 1.34 136 1 o5 0 05 1 1 05 0 05 1
m;, /(Gev/c?) €0SOy,,c080:, €0S9;,,C080:,

B Fitresult: azo_ 50, - ap—pr = —0.438 £ 0.020s¢a £ 0.041syst

(Again systematics mainly from energy dependence, trigger efficiency.)

W Use AN —pr — 0.642 +0.013 [PDG] (NA48/1 preliminary)

O{EO%EO’Y — _0.682 :l: 0.0315tat :I: 0.0653yst

(Previous measurement: a = —0.63 £ 0.09 [KTeV, 2001])
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=0 Lifetime

=0 Lifetime:

W Important input for other measurements (e.g. |Vis| from Z° g-decays).
W Currently known to less than 3% accuracy:
7=0(PDG) = (2.90 + 0.09) x 10~ s

—0 0
= - /\T[
258134 events

NA48/1 Measurement: 180

160 :
m Use =Y — An? events taken 3 133293 ftted
with minimum bias trigger. < 10
2120
—> ~ 260 000 events 2
(virtually background-free) T 100F

™ Fit in separate energy bins.
P 9y 60 1 2 3 4 5 6

—> NoO spectrum dependency. = lifetime / Tppq

W Fit region well separated from collimator position.
—> No detector resolution effects.
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PDG average

Tzo = (3.082+0.013 +0.012) - 107 '° s

Jauneau, 1963

Systematics:

Hubbard, 1964 [

Detector accept.
Vertex resolution
LKr energy meas.
=0 polarisation
=9 mass

+ 0.30%
+ 0.08%
+0.17%
+0.15%
+0.20%

Pjerrou, 1965 *
Dauber, 1969 e
Mayeur, 1972 N
Baltay, 1974 e
Zech, 1977 . |
NA48/1, 2006 t
26 28 3 32 34 36 38

=0 lifetime [10 5]

— About 2 o above PDG 2004 average,

and five times more precise.
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Data taking in 2003/2004.

K= Decays:

The NA48/2 Experiment

(NA48/2 experiment)

B Main aim: Search for direct CP violation in K+ — 37 decays.

W Simultaneous KT and K —beams, with py+ = (60 & 3) GeV/e.

W Total statistics:

K:I:

KT - pfntn— ~ 4 x 10° events

—s 7 7070: ~ 100 X 10° events

A\ Momentum Beam Beams coincide
: /f \\-»- : selection spectrometer within ~1mm
: P_spectra, - 5
: 60+3) GeVic Final Magnet -gg ﬁ E
: | Quadrupol collimator DCH1 E -
Defining
54 60 66 |_|_| i )
= Cleaning
I eollimator
~7x1011 I HH K + - KABES 1 Decay vohume
protons/spill 5 — ; ' .
© [ 1!
Ll b K
' .
K I £ KABES 2 E
L = 2-3x106 g
kaons/spill
First Achromat Second Achromat Vacuum He tank + 10 cm
lcm I— ‘ L Itank spectrometer oo
0 50 100" ' 200 250 m
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NA48/2:
Precise Measurement of K= — 7=n'~
+

Contributions to K+ — 7570

¥ Inner Bremsstrahlung from K+ — 7&79.

W Direct Emission from the vertex nner

— O(p*) ChPT, both electric (£) Bremsstrahlung
and magnetic (M) dipole.

W |nterference between IB and DE
—> sensitive to £ only!

Direct Emission

* * * *
Sensitive variable: W = (PxP?) (p”?)
(mgm;)
ar+  4r* m2 ma
— ~ — |14+ 2—T"WZ2|E 51 — g + — T W2 (|E|2 + |M|?
— s i -y |E| cos (61 — do ¢)+m‘}< ([E]* + [M]?)
. , [\ - 7/ \ -~ -

Inner Brems. Interference Direct Emission
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Contributions separated in

NA48/2:

Precise Measurement of K= — 7=n'~

W:

018
016
014
012

01 [
0.08
0.06
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0.02

1B

i, . 0 E

0.9
W(IB)

Previous measurements:

012
o1 |
008 |
006 |
004 |

002 |

0.1

INT | | DE

01 r .

008 |-
006

004 -

002 -

9 %0i 02 03 04 05 06 07 08 09
W(INT) W(DE)

(PDG 05, 55 < T* < 90 MeV)

® Inner Bremsstrahlung: Br = (2.75 4+ 0.15) x 1074

B Direct Emission:

B Interference:

Br=(44+0.8) x 1074
— Frac(DE) = (1.6 +0.3)%

Not observed yet.
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NAA48/2:

Precise Measurement of K= — 7=n'~

Data selection:

W So far only sub-sample of 2003 104;—
data used (roughly 30% of all) :

W Enlarge region in T7x: :
0 < T* < 80 MeV 102}

(Previous exp’s: 55 < T* < 90 MeV) :

10

— More statistics and
sensitivity to DE! _
. Found: 210 OOO K:l: — 7.‘.21:7.‘.0,.)/ 04 042 044 046 048 05 &E%ne%\??cz

W Tiny backgrounds (< 1% of DE component).

W Mistagging (wrong gamma-pairing) ~ 0.1%.
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NA48/2:
Precise Measurement of K= — 7=n'~

W(Data)/W(IB)
Fit result: (NA48/2 preliminary) . ' +
L5t _+_
FraC(DE) — (335 + 0.35 + 025)% e IB dominatedi 4
i region e
Frac(INT) = (—2.67+0.81+0.73)% i Sagrakibans”
0< T:r < 80 MeV 0:: Fitting region
. . 0.25
First evidence for T T
. 0 01 02 03 04 05 06 07 08 09 I
non-zero interference term! E

NA48/2 PRELIMINARY

® Correlation coefficient: p = —0.92 %o L cL 6o
8 [ 1 e, CL 95%
_ ] ] i TS CL 99%
W Systematics: dominated by trigger R
efficiency. oce |
B For comparison with previous exp’s: .
INT=0 oo
|:raC(DE)extrapolated 0 55<T* <90 MeV oos | o
= (0.85 + 0.05 £+ 0.02)% oS oGt o006

Frac DE
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NAA48:
Measurement of K23 Form Factors

Special minimum bias run in 1999: S e Lo
W Pure Ky, beam. 100
m 2.6 million K — 7uv (K93) taken ) )
with minimum bias trigger.
W Measurement of slopes A, Ay of vec- o
tor and scalar form factors f., fo. ]

N U RS SR NN B
01 012 014 016 018 02 022 024
En

® Results:

)\+ = 0.0260 £ 0.0007 5t = O.OOlOSyst
(preliminary)

Ao = 0.0120 £ 0.0008s¢5: &= 0.00154yst
PDG, 2004 ® PDG, 2004
KTeV, 2004 — KTeV, 2004 ——
NA48 prel. — NA48 prel. —
0.024 0,026 0026 0.03 0.032 0.034 0036 0,038 ool 005 002 0025 003 00%
A, A,
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Summary

Hyperon Decays:

M Precise measurements of 22 — A /3%~ decay asymmetries:
Y

= —0.684 £ 0.020g¢5t + 0.0615ys;
—0.682 £ 0.03 15t £+ 0.065ys;

aEO—>A’y

O‘EO—>207

® New very precise measurement of the E° lifetime:
T=o = (3.082 £ 0.013 £ 0.012) - 10~ 1° s

Kaon Decays:
B First measurement of interference term in K¥ — 7+7%:

Frac(DE) = (3.35+£0.35+0.25)%
Frac(INT) = (—2.67+0.81+0.73)%

B New measurement of K ; form factors:

Ar = 0.0260 £ 0.0007st5t &= 0.0010syst
Ao = 0.0120 = 0.0008stat = 0.001 54yt
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