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. Outline ~

[ NA48 Detector and Neutral Kaon Beam Lines
1 Kg — wlete”

1 Kg — wn%x°

[0 Kg — iy~

U Kg — vy

0 Krps — nrm ete”

[] Charged Kaon Decays

[ Summary and Outlook
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/ The NA48 Detector ~

Muon veto sytem
Hadron calorimeter
Liquid krypton calorimeter

Hodoscope

Drift chamber 4
Anti counter 7

Helium tank
Drift chamber 3

Magnet

Two main components:

Drift chamber 2
Anti counter 6

[] Magnetic Spectrometer®

72 ~ 0.5% @ 0.009% P(GeV /c)

[] LKr Electromagnetic Calorimeter

2B ~ 3;/% D 9?% @ 0.42% (F in GeV

* unavailable in 2000
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The K7 and K¢ beam lines

K| target

'

Kg target
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NA48/1 ~

Kg — mleTe
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s K¢ — wleTe™ ~

A measurement of the Kg — w°eTe™ decay allows to improve SM
predictions of the CP violating part of the K — w'e*e™ decay rate...

The K; — w’ete~ decay amplitude has three components:

[ CP conserving

- dominated by the two-photon process Ky — mw0~*~*

K, Yoy—o— ©
- can be obtained from the low m.., tail in K — 7%y~ 55
- NA48: BR(K — 7%ete )cpc = 0.477022 x 1012 %

no Vb §

[PLB 536 (2002) 229]
[] Direct CP violating

- probe of short-distance effects

- amplitude proportional to Im(A;)=Im(V:V,4)
- expected BR(K; — w%eTe ) cpyar = 2 — 3 x 10712

[ Indirect CP violating

- BR(Kp — 7%eTe)cpyina = :—g|€|2BR(KS — 0eTe™)

\ _/
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K¢ — mlete™

Interference between direct and indirect CP violation amplitudes in the
K — w%ete™ decay can give rise to sizeable effects...

[1 Theoretical predictions:

2
BR(K; — m%ete )cpy X 1012 = 15.3a% — 6.8 ('Téi;’) as + 2.8 (ITéfi))
BR(Ks — nPeTe™) x 10° = 5.2a% with ag ~ O(1)

[AEIP: G. D’Ambrosio, G. Ecker, G. Isidori and J. Portoles, JHEP 8 (1998) 4]*

[1 Experimental published limits (@ 90% CL):

BR(K; — n%Te™) < 5.1 x 1071°  KTeV [PRL 86 (2001) 397]
BR(Ks — m%eTe™) < 1.4 X 107 NA48 [PLB 514 (2001) 253]

NA48/1 measures both Kg — wlete™ and Kg — w°u™ ™ modes (2002
data)...

BR(Ks—mutp™)
BR(Ks—mletTe™)

Theory: ~ 0.23 in the VDM framework [AEIP]

* See also G. Buchalla, G. D'Ambrosio and G. Isidori, hep-ph/0308008 [BDI]

~
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/ K¢ — wleTe™ ~

2002 High Intensity Kg run...

MTNV magnet

/ ] i -

- 5 x 1019 p/spill (@400 GeV/c)
K, High Intensity beam

- Spi": 485 every 162 S Schematic layout

(Vertical section)

- 4.2 mrad production angle Ks
....... ,wtj.ﬁ ’dpf Wm0
- 4 X 10'°K g decays in 89 days ! Comue
@ Y -0.6 mrad

- modified Kg target+collimator L :

region L ‘__;H _____ thirapean s Elr;:;ze %

141 06m N 7

- LKr and DCH read-out upgraded ;. )
- 50 K eventS/Spi“ 0.5m 1;25M :MDx!mo
- 40 Tbytes data volume 6.23m

Trigger efficiency > 99% measured with Kg — w%x), reconstructed

decays.
\_ /
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/ K¢ — wleTe™ ~

[ Event selection

- Select candidates with 40 < Fi < 240 GeV and 7 < 2.5 7g of final collimator

- 4 in-time clusters in LKr with 2 tracks forming one good ete™ vertex

- Particle id.: |E/P — 1| < 0.05 and no signal in uVETO or HAC

- Energy COG at LKr < 6 cm from beam axis

- No extra in-time track or cluster

- Meeyy : MK = 2.5 0., assuming <<y pair originates from charged vertex

= My ¢ Mgo &= 2.5 04, , assuming <y pair originates from vertex imposing m g
(Omyx = 4.6MeV/c? and o, _, = 1.0 MeV/c?)

[1 Background sources:

0.0 0.0 : 0.0 0.0 0.0
- Kg — w°n},, w°w} + conversion(s), w°nw},, mn"(ee), mLrTY

- K, — eey~y, eevy + bremsstrahlung, w°ntn—, n0nteFv
- 2% - A(pr)w°, A(pe v)n?, Tt (pn®)e v
- Accidental activity: ¢(KsKy), K + Kg from different proton interactions

Perform blind analysis ... Keep expected background level in signal region small!

Signal region: 2.50,,, X 2.5 Tm._o Control region: 6.00,,, X 6.0 Tm_o

\ _/
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/ K¢ — wleTe™ ™

Reject huge Kg — 7n%(ete ) background (3 x 10° in 0 < 7 < 2.575):

- dPCHL > 92 cm to reject events with small 0.,

- Mee > .165GeV/c® (300, , above myo)

0.45 PEE 0.45 [
| .
MC K¢ - 0% 04 MC K¢ - 1fe’e
0-35 02 025 03 035 0301 015 02 025 03 035
2 2
m_, (GeV/c?) m,, (GeV/c?)
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K¢ — mlete™

Background from K

0.0 0.0

0.35 Ll

2002 data

0.

2 025 03 035
2
m_, (GeV/c?)

S_>7T7TD77T7TDD77TO7T

Events

90 1

80 |

70
60
50
40

30

20 ¢

10 |

O(ee), v conversions ...

- » 2002 data

B ' (m,, > 0.09 GeVic?)
| 7 + conversions

B m°r®+ conversion Kevlar
B &+ conversion]PCH1
I 'r’(ee)

1 o

8.09 0.1 0.11 0.12 0.13 0.14 0.15 0.16
2
m_, (GeV/c?)
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. K¢ — wleTe™

Like-sign eTet or e~ e~ pairs ...

\

—~ 0.65 o 907
O - -« 2002 data
~— GC) 80 N
= 06| S - [] 7°r° + conversions
Q/ B tm+ conversion Kevlar
20.55 | 60 |
3 - B 1%+ conversion DCH1
(&) C
E 50
0.5 [ 0 o
ﬂ o'
0.45 30 ¢
’ 20 |
04l 2002 data (++ or --)
10 |
; : %
035 L TR R RN I ! 8 . ol Ty L
01 0.15 03 035 .09 0.1 0.11 0.12 0.13 0.14 0.15 0.16

m,, (GeV/c?)

No event observed in signal and control regions ...

m,, (GeV/c?)
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K¢ — mlete™

0.0

Background from Kg — mpmp ...

Require (M, mey) > .165 GeV/c? to reject low-energy e™, e~ escaping
detection == (M, Mey) ~ (Myo, Mypo) When Meeyy ~ Mg

0.4
0.35

M, (GeV/c?)

0.3
0.25
0.2
0.15

0.1}
0.05 |

:\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\
O0 0.050.10.150.20.250.30.350.40.450.5

05 ¢

045 MC K- o1

(2 entries per event)

u,!.

M, (GeV/c?)

Mg, (GeV/c?)

05
045 MC Kg - mfe’e
0.4 . )
* ... (2entries per event)
035 | «... ".0% -
I : ,::.-: :Jf:: 0.-.1 .
03 b Bdands,
RO AT Rt i 38
0.25 | Poaind o, TESED
SR SHA S e
02 F oge :.,..:".::..:. 'g::" e
R IR 0.5 1Y
a T e ALY
0.15 [ R REGER U A
e PuL e I
01 AT R A
: _"':....;.!:::':7':-.- e
0.05 ¢ TR AT
0 : ‘ ! \

0 0.050.10.150.20.250.30.350.40.450.5
2
Mg, (GeV/c?)

No event found in signal region from MC sample ~ 30 x 2002 statistics
(1 event in control region) ...

\
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K¢ — mlete™

Background from K1 g — ete vy ...

Estimated from Kj — eTe~ v~ decays with 2001 data
(~ 10 x 2002 expected ete v~ statistics)

0.65

06 = Kk, - e'eyy candidates

0.55 [~

My (GeV/c?)

045 | °

04 | 2001 data .

0-35 ‘ I — ‘ L1 ‘ I — ‘ I — ‘ I — ‘ I — ‘ I ‘ [
0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16

2
m,, (GeVic9)

Background in the signal region: 0.0815705 event ...
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/ K¢ — wleTe™ ™

Accidental activity ...

Estimated from events in (At = |tee — t4~|) time sidebands

0.6 - 2002 data

0.45 |-

0.4 - time of clusters: 3 < At <50ns

0.35

0.1 041 0.12 0.13 0.14 0.15 0.16 0.17
m,, (GeV/c?)

Background in the signal region: 0.07100% event ...

\ _/
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K¢ — mlete™

-~

\

Background source

Control region

Summary of the most significant background contributions ...

Signal region

(eg. Kg — m°my,, B

00 =0

Kg — w)m) 0.03 < 0.01
K, — cerr 0.11 0.08T 00
Accidentals 0.19 0.07i823§

T B E————
Total 0.33 0.15

—0.04

All other investigated sources of background were found to be negligible
decays, K; — wwtw— ", ¢ decays, etc.).

Control and signal regions remained masked until the study of the background
was completed ...
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K¢ — mlete™

Unmasking control and signal regions ...

—~ 0.65 —~ 0.65
A &
§ § 05 |
O 0.6 O 0.6 o | o
9 9 7 0.1‘34‘ 0A1‘36
2055 2055
) )
) )
= 0.5 = 0.5 |
0.45 ¥ # 0.45 [
0.4 0.4
0.35 == —— 0.35

0.1 011 0.12 0.13 0.14 0.15 0.16 0.17
m,, (GeV/c?)

025 03 035
m,, (GeVic?)

01 015 02

7 events in signal region (bkg.=0.15) and 0 in control region (bkg.=0.33)

Probability that all 7 events are background is ~ 1010
— First observation of the decay Kg — mleTe™
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K¢ — mlete™ ™

Data -vs- Monte Carlo ...

2 °f 2 °f 8 7
C 45°L C 45} c I
QO > b () ° F (&) [
> 4f > 4f > 257
L i Ll i L :
35) 35 [ o |
3f 3f f
2.5 | 25| 15|
2t 2 F E
15 15} o
1r 0.5 |
05| i
! ! i | ! L T e ==
0.45 0.5 0.55 0.6 001 0.12 0.14 0.16 90705 1 1.5 2 25 3 35 4 45 5
2 2
Meeyy (GeV/c?) m,, (GeV/c9) T/ig
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K¢ — mlete™

Decay amplitude from x PT model of AEIP (vector interaction + FF)

o
(V)
a

E - — Kg - e’ (no FF) $ o1r
: i c ,
S i © ﬂ
02— K¢ —» me'e’ (with FF) = -
n 027 s Q. 0.08 *\IL
+ I (D) L
o o
3 O
1) 015 < 0.06 |
01r 0.04 - Monte Carlo K¢ - e’e
matrix element without FF
0.05 | ‘ ‘ IJ 0.02 - ‘ IJ
00™005 01 015 02 025 0.3 035 %0 01 02 03
2 2
m_, (GeV/c?) m_, (GeV/c?)

Nyoee = 6.8513%  Kg flux = (3.51 £ 0.17) x 10° (from Kg — 7°n? decays)

Acceptance (no FF)= (6.6 &= 0.4)%

BR(Ks — wlete™, mee > 0.165 GeV/c?)= (3.0113 s1as £ 0.2 5ys) X 1079

BR(Ks — wlete™) = (5.87575 stat £ 0.8 55¢) X 1072

— |ag| = 1.067)59 star = 0.07 5yt

~
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/ K¢ — wleTe™ ™

Sensitivity of BR(K1 — wlete™) to Im(As) ...

i 10 - 10 |
| <+ :
o f o -Global fit for Im(A,)
- | - |
~ 81} H H H H ~ 81}
> | Im(\,) = (1.30 £ 0.12) x 10 > |
o o e o
O P Pl O
— —
() ()
+ +
[ ()
= =
1 i) I
- - L
é \x_/ =
o X 2
m m L
3 00 1 2 3 4 E
ag Im(A,) /10

BR(KL — 71'Oe_i_e_)CPV =~ (17-2indirect :I: 9°4interference + 4-7direct) X 10_12
Im(A¢) = (1.30+£0.12) x 10~* [S.H. Kettell, L.G. Landsberg and H. Nguyen, hep-ph/0212321]

If ag is negative then BR(Ky — m%eTe™) retains some sensitivity to Im(A;) through the

interference term ...

A measurement of BR(Ks — w°u™* =) by NA48/1 will come soon!

\ _/
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NA48/1 ~

Kqg — m0r070
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000

/KS—>7T7T7T ™

A(Ks—m97%79) -Im(A1)

MNooo — A(K = m07070) If CPT conserved: 1990=¢ + ' Re( A1)

e 2000 NEAR target data
- 5.9 X 10° 37 events

&8 50000F
e 2000 FAR target data 8 40000~
- 1.3 x 108 K, — 370 decays =~ [
- 1%t order accept. corr. 20000] + K°- 3 (NEARtarget)
10000 — K° - 3 (FARtarget)
e Monte Carlo t

0 1 2 3 4 5 6 7 8 9 10
- 2" order accept. corr. Lifetime /1,

e Analysis in energy bins

NEAR

I 0 _
f(E, t) = I:?::’A"R — A(E)[]_ _|_ |fr’OOO|2 e(]._‘L Fs)t +
3x«0
2D (E) (Re(no00)cosAmt — Im(1g00)sinAmt) ez Fr—=Ts)t]

Fit parameters A(E), Re(n000), Im(1000) D(E): K°-KO dilution (from NA31)

\ J

October 6th - 11th, 2003 Recent results on Rare Kaon Decays
WIN'03 Workshop, Lake Geneva, WI, U.S.A. by the NA48 experiment at CERN (page 22)

Edoardo Mazzucato
CEA-Saclay, DAPNIA/SPP



KS —> 7TO7TO7TO

~

Collimator

[ Extract RE(T]OO()) and |m(77000)

\

7 8
Lifetime / T (Kg)

position 75 < EK < 80 GeV . . .
: 11 from a fit in energy bins:
?‘: L
S0 3 (70 < E < 170 GeV)
e [ T SIS ST Re(1000) = -0.026 & 0.010,1.¢
E 095~ Im(’rIOOO) = -0.034 + 0.010544¢
09— _I_ <——  Fitregion _— .
o 1 2 s a5 e 78 o p=0.78 x*/ndf = 415/405
110 < E, <115 GeV .
s af }L [] Systematics:
"
:% Ho - u Source RE(nooo) |m(’r[000)
EZE@ T Acceptance 4+ 0.003 | + 0.003
8 *® Accid. activity + 0.001 | =+ 0.006
0'90_ ) Energy scale + 0.001 | + 0.001
K°K? dilution | 4 0.003 | 4 0.004
e 1 Fit T 0.001 | £ 0.002
E ol Total £ 0.005 | + 0.011
S o
> [1 NAA48 Preliminary Result:
= L Re(7000)= -0.02640.010,;,;4-0.005,.;
0 1 2 3 4 5 9 |m(77000)= ‘0-034:|:0-0103tat:|:0-01lsyst

_/

October 6th - 11th, 2003
WIN'03 Workshop, Lake Geneva, WI, U.S.A.

Recent results on Rare Kaon Decays
by the NA48 experiment at CERN (page 23)

Edoardo Mazzucato
CEA-Saclay, DAPNIA/SPP



0.0

Kg — wom'm

0

NA48 Preliminary Results

0.06

Im(n 000)

ool Re(Ngy) = (-26+1.0,, +05
[ IM(Ngyy) = (-34£1.0,, +1.1
[ x%ndf = 415/405

; & N

-2
) X 10_2
) x 10

S

: )
002}
0.04}
0,06
008} Re(Ngoy) = Re(e):

7 IM(Ngog) = (-12% 0.74, £ 1.1 ) x 10°
04T 008 006 004 002 0 002 004

CPLEAR (1998):

Im(5)=(2.445.0)x10~°
SND (1999):

\

Re(Ngg0)

RE(nooo)=(18:|: 14stat :Izﬁsyst) X 10_2

0.06

BR(Ks — w°n°7%)<1.4x107° 90% CL

T If Re(11000)= Re(e) (CPT):

~

BR(Ks — 7°n%°7%) < 3.0 x 1077 90% CL

[1 CPT test (BS unitarity relation):

(1+<tan ¢psw)[Re(e)-i Im(d)]=>_; ay

af 107 X Re(af) 10° X Im(af)
lo 1.136+0.013 | 1.071+0.013
Q00 0.517+0.010 | 0.486+0.010
o+~ | 0.003+0.001 | 0.003+0.000
a3 0.004+0.003 | 0.003+0.004
oa4—_o | 0.000+0.002 | 0.00040.004
Q000 0.029+0.040 | -0.026-£0.058
[ NA48:

Re(000)=(—0.009 4 0.004) x 103
Im(coo0)=( 0.012 £ 0.005) x 10~ °

pr—

Im(6)=(-1.2+3.0) x10~°

If CPT is conserved in the decay:

Mo —mﬁz

(—1.7 + 4.2) x10~'? GeV/c?
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NA48/1

Kg — w7y
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Ks — m'vy

[1 xPT predictions:

PLB 189 (1987) 363]

] NA48/1:

\

- total rate dominated by the 7 pole

- momentum dependent weak vertex

— Chiral structure of the weak vertex
can be tested from the shape of
the z = (m34/my)? distribution

- 2000 NEAR target data

- Kg — %709 decays as normalization

- BR(Ks — 7%97).>0.2 = 3.8x1078
[G. Ecker, A. Pich, E. de Rafael,

1/T dlr/dz

— XPT: ’+n
XPT: ™ only

- - - p-indep. weak vertex

3-body phase space

— First observation of the Kg — w%~~ decay

1-
ﬂH‘\HHmH‘\HH\HH\HH\H‘L_
%.2 0.25 0. 0.35 0. 0.45 0.5 0.55
2 2
z=("/mg
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- Kg — mvyy

31 candidates observed in signal region
(lmiz — m,o| < 2MeV/c? and z > 0.2)

(7] 20 +contr.

i) r. signal region contr.r. ""16;
qc) 181 q‘:_) i e 2000 data
> [ e 2000 data >14; L
L 16; L=+ —— XPT prediction
14 F W Kooty M ] phase space
12} W K-ty e 10}
10} D KS—»T[OTIg MC 87 ......................
8 B accid. bkg.
r (52 o O
6/ :
4 4t
| 2 ........................
813 0132 0134 0136 0138 014 85 025 03 035 04 045 05 055
m,, (GeV/c?) z = (mgy,/m,)?
Background Events
K — w0~ 3.8+ 0.2 BR(Ks — m°v7)250.2=(4.9 & 1.65tat £ 0.95ys¢) X 1072
Ks — ©°n% 2.4+ 1.2
Hadrons 0.1 +£0.1 BR(Ks — 7°v7)2>0.2=(4.9 +1.8) x 10~ 8
Accidentals 6.8 £ 2.9
Ks — nwlete™ 0.6 + 0.3 in agreement with Y PT ... but more statistics needed
Total 13.7 £ 3.2 to check the chiral structure of the weak vertex ...

\
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/KS—“Y’Y

1 xPT

- Unambiguous and clean O(p*) prediction

- BR(Ks — vv) = 2.1x107°
[G. D’Ambrosio and D. Espriu, PLB 175 (1986) 237]
[J.L. Goity, ZPC 34 (1987) 341]

] NA48/1:

- 2000 NEAR target data (normalize to Kg — w%n? decays)

- Choose decays close to collimator exit to reject background from Kg — #w%=°

with only 2 showers in LKr calorimeter

— Reconstructed vertex moves downstream due to missing energy

BR(KL—~v)

BR(Kz —370) and to estimate the irreducible

- 2000 FAR target data to measure
K7 — 7 background:

BR(K— B
BR((I{LL—>3PY7:(/))) = (2.81 &£ 0.01 44¢ £ 0.02,y5;) X 1077

\
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/KS—>77 ~

BR(Ks — vv) = (2.78 = 0.065¢4¢ = 0.035,5¢ &= 0.025,01,) X 1076

7461 4+ 172 Kg — ~~ decays

[1 NA48/1 result:

- yy candidates
BR(Ks — vv) = (2.78 £ 0.07)x10~¢ | K- yy MC
104§ KL-yMC
Kg- 210 MC

[1 Much more precise than previous
measurements:

signal

- NA48 (1999): (2.58 £+ 0.42)x10~° region
- NA31: (2.4 +0.9)x10° ’

0 200 400 00 800 10

[ Decay rate larger by 30% w.r.t.
O(p*) prediction of xPT

— Indication of a large O(p®)

L L L ‘ L L L ‘
contribution: 00 1290 1403
, Asertex (CM
8MK @, = 1.0 + 0.3 [BDI
F2 a; — 1. . [ ]
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e Krs — wtnete” ~

1 Ky > nmtn eTe™

The interference between the dominant M1 (CP=-1) and IB (CP=+1)

components gives rise to a large CP-violating asymmetry (A, ~ 14%) in the ¢
distribution between the 777~ and eTe~ planes in the kaon c.m.

[P. Heiliger and L.M. Sehgal, PRD 48 (1993) 4146]
0 Kg — wim ete™

Mainly due to IB ... no such asymmetry expected ...

1998+1999 NA48 data

e 4 g 4

> | o

E + -+ - E + -+ - d
R K -Tmree R Kg— me'e (1999 data)

3+

A, =(142£30

)% 2 Ay =(05+40,,)%

stat)

-0.5 -0.3 -0.1 0.1 0.3 0.5 -0.5 -0.3 -0.1 0.1 0.3 0.5
d=singcosy d=singcosy
\ Ay # 0 is an unambiguous signature of CP violation /
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/ KL,S — 7T+7T_6+6_ \
NA48 Final Results [EPJC 30 (2003) 33]

0 Kg — wtw~eTe™  (1998+1999 data) 564621 candidates

‘Ag =(—11+£41)% I

Measurements will be improved with the 2002 data: > 40k events

BR(Ks — ntn eTe )=(4.69 4 0.30) x 10~ 5

0 K; — wtw—eTe™  (1998+1999 data) 1162 candidates and S/B=31

BR(K;. —nwTn~ete™)=(3.0840.20)x10~" ‘AL = (14.2 £ 3.6) %I

F(KL —>7T+7T_ €+€_ CPV
(K, —>ntn—ete—)cpc—(0-833 = 0.066)

—

Measurements in agreement with theoretical models based on a
phenomenological description of radiative kaon decays

M1 direct emission FF parameters:

gm1=0.991023 0t £0.07,ys:  a1/az=(—0.817097 .., £0.02,,.;) GeV?

K9 Charge Radius parameter: |gp=0.19 £ 0.045¢6¢ == 0.02,,5¢ I

\ _/

October 6th - 11th, 2003 Recent results on Rare Kaon Decays Edoardo Mazzucato
WIN'03 Workshop, Lake Geneva, WI, U.S.A. by the NA48 experiment at CERN (page 33) CEA-Saclay, DAPNIA/SPP




\

NA48/2

Charged Kaon Decays
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Charged Kaon Decays
Chere / )

Run 2003 (Jun-Sept): ~ 60 days of data-taking devoted to the study of K+ decays

[l Search for Direct CP violation through the asymmetry A, in the
Dalitz plot for K+ — wtxtaw—

‘|M(u,v)|2 x 1—|—gu—i—hu2—|—kv2|

u=(s3-89)/m?2 v=(81-82)/m2 So=(s81+s2+s3)/3
s; = (Px — P;)? (i=3 for the odd pion)

_|_ _ —
Ag = Z=2-  If CP holds then g* =g~ and Ay = 0

[J Current experimental value: A,=(—7+5)x10"3 [Ford et al.,1970]
NA48/2 aims at a precision of ~ 10™* on A,

[J Theoretical predictions for A,: O(107°) — O(10~%)
e.g. NLO in xPT: A,=(—2.7+1.3)x107° [E. Gamiz et al., hep-ph/0309172]

Some models beyond the SM can give A, ~ O(10™%)
[G. D’Ambrosio et al., PLB 480 (2000) 164]

+..0

[ CP violation can also be investigated in K= — 7w*7%7° or

K* — 7*7% decays
\_ /

October 6th - 11th, 2003 Recent results on Rare Kaon Decays Edoardo Mazzucato
WIN'03 Workshop, Lake Geneva, WI, U.S.A. by the NA48 experiment at CERN (page 35) CEA-Saclay, DAPNIA/SPP




Charged Kaon Decays
(Chere y )

[] Measurement strategy

- use of simultaneous 60 GeV/c KT and K~ beams (AP,,,;: +2.4GeV/c)
- 7-10x 10" p/spill on target = 20 — 30 Mhz rate of 7+, K*,e*,p ...

- focussed beams @ DCH1-DCH2 to minimize differential acceptance effects
alternate magnet polarity of spectrometer (1/day)

alternate KT /K~ beam positions in achromat (1/week)

= minimize sensitivity to beam and detector instabilities with time

measure normalized ratio

+(u
R = z_gui ~ 1+ A,2gu

80 Thbytes data volume and ~1.25x10? reconstructed K+ — w=7 17~ decays
= o(Ay) ~ 2.3x107% (stat)

[1 Main systematics sources

- beam geometry (KT and K~ beams coincide to better than 1mm /120 m)
- spectrometer mis-alignment (20-30 pm)

- drift chambers and trigger inefficiencies (~ 1 — 2%)

- backgrounds (small) and accidentals

- differential acceptance effects

Systematic uncertainties must be kept < 10~

\ _/
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/ The K* beams
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Charged Kaon Decays

NA48/2 Trigger versatility and DAQ allows the study of many rare K + decays

[ K:Z (Ki:4) decays
- extract T~ elastic scattering length a8 with a precision of < 0.01

2
= determine size of quark condensate (0|qg|0) ~ F2 "=

T My +md,
- expect ~700k reconstructed K j; decays in 2003

- electron id using E/P 4+ NN technique (keep bkg < 1%)
BNL E865: aj = 0.216 & 0.0135:4: & 0.002,yst £ 0.02;he0- with 400k events

0 K* — ntete” and K* — n¥putpu~

P kE S atete
o - || 2800events -4-5k KT — wTete events
“ Preliminary || " in1 month
OSSP T A o Y A T T T - BR and FF measurements
A T B - Test of NLO x PT
| e
L NP e

0 | |-
0.4 0.42 0.44 0.46 0.48 0.5 0,52 0,54 0,56 0.58 0.6
2
Mryee GeV/c

~
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Charged Kaon Decays
/ g y

[] Study of several other Kaon decays (test x PT predictions)
K* — gEq0, n¥nq0~y~, ntmx0lH—, ITvltl—, ..
[1 Beam Spectrometer (KABES)

- High-rate capability and high-resolution TPC based on micromegas-type
chambers (50 um amplification gap)

- provides accurate P, t and (X,Y) coordinates of incident beam particles

- tested up to 40 MHz

- gives useful kinematical constraints for decays with only 1 charged track
or with neutrinos in the final state: e.g. K=, Kﬂf?,, K,ﬁ, K* — nt7070,
.. KT - ntuml

- allows to recover KT — wExwt7— events when one pion escapes detection

[] Dedicated V. run

- short run (~8 hours) at reduced beam intensity (1/10)
- use highly efficient minimum bias 1 track trigger

- collect all important K* decay channels (3" BR; ~ 1):
pv(y), mtn0, nta0n0, ntata—, K, K;E,,,
- more than 100 k Kjf,, and Ki,, events

Aim to measure BR(KZX) and BR(Ki,,) to better than 1 %

\
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The KAon BEam Spectrometer

\

Micromegas Time Projection Chambers
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5 |
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BEam Spectrometer
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KAon BEam Spectrometer
4 P N

Tagging incident K= with K* — wT#7—n* decays at 20 MHz
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s KAon BEam Spectrometer

Tagging incident K= with K* — wT#7—n* decays at 20 MHz

~
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o (Pgeam)/Pseam < 1 % o(tgeam) < 1ns
efficiency: ~ 100 % mistagging probability: few %
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Summary and Outlook
y ™

[] The use of high intensity K; and Kgs beams by the NA48
experiment has made possible the precise investigation of several
rare kaon decays for tests of CP, CPT asymmetries as well as
xPT. The recent observation of 7 clean K5 — w’eTe™ events
allows to significantly improve the SM predictions for the golden
K; — w’eTe” mode. Additional information from the study of
the Ks — 7’u "~ channel will come very soon.

[J New results from the study of rare neutral kaon decays (e.g.
K —ete vy, K2, K?,, K — ©%n%y, etc.) and from the
radiative and semileptonic =° decays will also be available soon.

[ The 2003 run, dedicated to the high-precision investigation of
charged kaon decays, has been successfully completed. More than
10° K* — w*nt7~ decays have been collected for a
measurement of the CP-violation .A, asymmetry with a precision
of a few 10~*, Several other rare charged kaon decays are also
investigated. Additional beam time to run in 2004 at CERN is
being requested.
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