CP violation

and rare decays
in K sector at NA48

lvan Mikulec
HEPHY, Vienna, Austria

La Thuile
March 13, 2003

On behalf of the NA48 Collaboration:

4

van Mikulec

March 13, 2003



mm- |troduction

mmp Rcsylts on CP violation

e Mesurement of direct CP violation in K — 77 decays: %e%/

e Mesurement of charge asymmetry in K — wev decays: 0 (¢e)

Outline

e Search for CP violation in Kg — 7%7%7® decay: ny0g

mmm> Results on rare decays

e Precision measurement of K5 — 7y decays

e First observation of K¢ — 7077 decay

> Outlook and Summary
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NA48 detector

Muon veto sytem
Hadron calorimeter
Liquid krypton calorimeter

Hodoscope

Drift chamber 4
Anti counter 7

Helium tank
Drift chamber 3

Magnet

Drift chamber 2
Anti counter 6

Drift chamber 1
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/ Overview of NA48 runs \
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g’ /e run / / K eqHI
e’ /e run e’ /e run K Lo
(K, rare decays, ...) (K, rare decays, ...) A
NA48/1-phase | H NA48/1-phase Il
2000 2001 2000
Ky, 7 K high int. Kp+ Kg Ko A
e’ /e checks e'/e (Ks — 77, 8//5 run : .S' :
(K1, — v, checks Kg — v, (Ke?) KM3 ) hlgh Intensity
) ?7000)

no spectrometer
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Results on CP violation
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Final NA48 result on Re<

mmmd> Change in conditions for 2001 run:

0.03

=
o
)

Probability accidental activity

0.01 -

0

98-99 2001
proton energy 450 GeV/c 400 GeV/c
SPS cycle time 14.4 s 16.8 s
spill length (effective) 2.4s (1.7 s) 525 (3.6 s)
duty cycle 0.17 0.31
K beam intensity ~ 1.5 x 102 ppp ~ 2.4 x 102 ppp
K g beam intensity ~ 3 x 107 ppp ~ 5 x 107 ppp

¢ 1999 data

» 2001 data

~ Accidental activity

" |
0 2 4
Time in spill (s)

= Rcsylt from 2001 data alone:

+ rebuilt spectrometer

(29% of total statistics)

/
€
D‘ie;

= (13.7£3.1) x 1074

mmm ("o mbined NA48 result:

/
g’
%eg

= (14.74£2.2) x 10~*

reached NA48 proposal accuracy
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4 0r(e) measurement N

_ BR(Kp—n~etv,)-BR(Kp—7te 7g)
: 5L(6) — BR(Kp—7m etv,)+BR(K,—nte 7,) 2Re

if CPT
conserved

mm- \/|casurement:

e from data
N(r~et)—N(rTe™
¢ 5L(6> — Ngﬂ'—e"‘;—l—NEW‘Fe—;

e ~ 10% events from each mode collected

e main source of systematics: asymmetry in particle interactions

N 4
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0r(e) measurement - Preliminary

4

in 10~°
Trigger +26.2 £ 6.0
. Punch trough -14 4+ 35
== S\stematic effects: g
ystematic efects Pion ID 171 4+ 24
Acceptance + 0.5
Background + 05
5 .10
b
40 | | | | |
e A T 1 momentum bins:
20 XNdf=090 (ndf=9) T |
P_ (GeV/c)
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4 dr,(e) measurement - Preliminary N

mmm | Preliminary | result:
5r.(€) = (3.317 £ 0.070,4p0¢ & 0.072,,5¢) x 1073
5|_x103
4 | = \\/orld average:
L\
ol L BRI 51.(e) = (3.322 £ 0.055) x 1073
| IR Y +
\ T
.l ‘ ! % o, = (3.310 £0.054) x 103
X2 =4.2/7
25 o
old average:
s S S 5z, = (3.307 4+ 0.063) x 103
E 8§ a8 § 3 ¢ 2 mmm CPT test using 27 data:
© g S Re(y + 455 +a) = (-5 £31) x 107°
:
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Nooo Measurement I

If CPT conserved:

0_0_0
=— A e o o) Renooo - CP violation in mixing

Tlooo = A(K [ —n0n070)

Jmnooo - Sensitive to direct CP violation

data 8 50000~
6 S R e
5 9 x 10° events g 40000|~ e
fII’St order acceptance corr. *E B
. w 30000
with data ,
20000 —
MC used only for i —+ K° - 31° (near target)
0
Second order acceptance COrTY. 10000 K° . 31 (far target, scaled norm.)
flt f(E7t) In OOI 123456789 10
70 < E < 170 Gev Lifetime /1 (K)

Inear

f(E,t) = ;’fc?r = A(E)[1 + |nooo|?et/Te /s 4

370

2D(E)e!/2me=t/27s (Rengggcos(Amt) — Tmngosin(Amt))]

D(E): K° — KO dilution at target (from NA31)

fit parameters: A(FE), 2Renooo, Imnooo
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-

fit in E bins:

3moevents /K - 3m0 3moevents /K - 3m0

3moevents /K, - 3m0

N

Collimator
position

Nooo Measurement - Preliminary

75 < E, < 80 GeV

=
N

1.05

0.95

0.9

< Fit region _—>

1
4 5 6 7 8 9

110 < E, < 115 GeV

11

1.05

0.95

0.9

11

1.05

0.95

0.9

6 7. 8 9
Lifetime/ 1 (Ks)

mm Systematic effects:

in 1072

PRenooo

Jmnooo

Accidentals
Energy scale

K9 — KO dilution

+0.1
+0.1

+0.3

+ 0.6
+ 0.1

+ 0.4

Acceptance +0.3 + 0.8
Binning +0.1 + 0.2
Total +0.5 + 1.1
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= ooo Measurement - Preliminary ™

mmm- | Preliminary | result: Renopo = (—2.6 £ 1.0540¢ £ 0.55y5¢) X 10~2
CPLEAR:

Rengoo = (18 & 1dgpqp + 6545¢) X 1072 | 7Y — (_ —2
3m?7(())(())?) S 205;1 r 3312;5) < 10—-2 | 47000 ( 3.4+ 1.0g04¢ = 1-18y3t) X 10
0.04

o
— using BS _ S ~ stat. correl.: 0.78 .
CPT test unitarity relation = oo fotal correl.: 0.55 Re gy fixed
- c 0021 y2/ndf = 415/405 v Ree
Jmd = (—1.2+3.0) x 10~ -
O _—
CPLEAR: Jmé = (2.4 + 5.0) x 10~° I | s
. i A 2F
mmmd> | CPT conserved in the decay .0.02 - >’ CPLéAR
) L 0.15 I O
Mo — Mp5 = (—17:|: 4.2) X 10_19G€V I 0.1F
-0.04 - OGs
i 0 NA48
-0.06 - 90% CL e 1 @L
I 0.1 BARMIN
99% CL
-0.08 - 013,150.1-005 0 0.05 0.1 0.15 0.2 0.25
_017‘\‘”\”‘\‘”H‘\H‘\H‘m\
. . "~ -0.06 -0.04 -0.02 0O 0.02 0.04 0.06
s \/\/ith Renooo fixed:

Re Nggo

Jmnggp = (—1.2£1.3) x 1072 | = | BR(Ks — 1°7%7%) < 3.0 x 1077

\ SND: BR(Kg — n070x0) < 1.4 x 1075 /
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Results on rare decays
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Kg — vy measurement )

Unambiguous and clean prediction

of O(p*) amplitude from yPT"

BR — 2.1 x 10-° D Ambrosm, Espriu
Goity

s Data from run, normalised to K¢ — 7970 decay rate
mmm Principal background sources:

Ks — 77 | with only 2 showers in the LKr calorimeter.

reconstructed vertex moves downstream due to missing energy
=== oose decays in —1m < Zyertex < Hm wrt. collimator exit.

K1 — ~7 |- irreducible: %Egg:ﬂg ~ 1.5 in the decay volume

e use K; — 37 to estimate K, flux

(K7 —~~) (present PDG
I'(Kp—37") accuracy insufficient)

® use run to measure

FUL=) = (2,81 £ 0014001 £ 0.02455¢) X 1073 | PDG: (2.77 4 0.08) x 10°

4
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Kg — vy measurement

| -

- yy candidates TJ i yy candidates
- K_-yMC | 10%E K, -yyMC

Kg- 21 MC - Kg- 21 MC
L signal 37 signal

region 107F region

b Eo
.K 10 ;l\ H
‘_A’éd;:i\‘\\\‘\\\L‘_ﬂI‘—’ﬂ\‘ :HH\ I I | |
-200 0 200 400 600 ( J)OOO 200 0 200 400 600 800 1000 12 0 140
Zvertex cm vertex (C

=== Result (Phys. Lett. B 551 (2003) 7)
BR(Kgs — v7v) = (2.78 £ 0.065¢4¢ & 0.035,st & 0.02¢5¢) X 107°
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4 Kg — vy measurement N

o 4
) |
—
X
%3.5 . _
¥ === The new result differs
= 4
T by 30% from O(p*)

- | prediction of YPT

?
25 [ | I === |ndication of a large
i O(p®) contribution
-
2 . .
== Compatible with
, previous measurements
15 -

- o) 0(p)

- NA31 NA48/99 NA48/00

N XPT

1 0 1

N
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4 K¢ — vy measurement N

— Up to now unobserved: NA48 placed recently the best limit to
BR(Kg — Wo’y’y)zq>o.2 < 3.3x 1077 at 90% CL from 1999 test-run data

xPT predictions: | Ecker, Pich and de Rafael: Phys. Lett B 189 (1987) 363.

N gF
Q L
. y = — XPT: 041
Ks N L XPT: 1 only
p T[O y — - - - p-indep. weak vertex
-------- 3-body phase space

x P predicts:

e BR(Ks — mv7)2,>0.2 = 3.8x107°
e momentum dependence of the weak
vertex

mmmd>- -iral structure of the weak vertex
is testable from the shape of the
2y = (masa/mx)? distribution

2/n 02
=9 Mg
N
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Preliminary
L * data
J data : . .
e Normalised to Kg — 7’7" decays 12| B Ks-TyyMC
e Main backgrounds: 1ok W K _-myMC
— | beam activity | - time constraints ? ] Kg-T0mH MC
anti-counters gl .
: : - accidental bkg.
| Ks — w070 i kinematic 7 <
Ks — 7% cuts 6
— | K — w2~ | - irreducible 4
— energy ;
— | EY - An? — na®x0 |- 2 e
asymmetry I

K¢ — vy measurement

(9.13 0.132 0.134 0.136

0.138 0.14
m,, (GeV)
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4 K¢ — vy measurement N

Preliminary

16 -
I e data - bkg
14? —— XPT prediction
12F | o phase space
[
10| . . .

A N e Statistics insufficient to test the
81 chiral structure of the weak vertex
6/ N
4\

A B

7 | | |

Loioo ol ovoolonaoalaonaonlonoolonodlogas
%.2 0.25 0.3 0.35 0. 045 05 0.5

%
N v
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a Kgs — 7wy measurement - Preliminary )

events

Number of events in sig. region 31.0 £ 5.6

Beam activity 74 £+ 24
Ks — m°7% background 24 + 1.2
Kr — 70y -3.8 = 0.0
Acceptance + 0.7
Remaining 174 + 6.2

Preliminary | result:

BR(Ks — m™77)..502 = (4.9 & 1.654¢ & 0.85y5) x 1078

BR(Kg — mv7),,502 = (4.9+£1.7) x 1078
(xPT Theory: BR(Kg — wofyfy)zq>o_2 = 3.8 x 1078)

mmmm>- D ohability that > 31 events are consistent with background is < 9 x 10~*

N 4
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4 Outlook )
mmmmp 2002 | run with near-target neutral beam “ ﬁ EO">ZL“pLin0

was succesfull and analysis is advanced *] i
Main topics: K |

e Search for Kg — mleTe™, Kg — mu* ™~ decays : + |

o =Y beta decays I

o =" radiative decays MM“

e Other Kg and hyperon rare decays o e

N

s> Dreparations for

Main topics:

Search for direct CP violation by measuring slope asymmetry in K~ — 37

decays

K*e4 decay
K*13 decays
Rare K+ decays

2003

run with charged kaon beam are in full speed

TAX 17 / TAX 18 FDFD Illz'inalt i
N Defining Protectin contmator |

K A collimators C0||im610?
T I Cleaning | |
1 + B KABES1 collimator |

KABES3

A Y
V2222222050002

2
A\

DFDF

Quadrupole 2nd >
FRONT-END ACHROMAT Quadruplet ACHROMAT /
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4 Summary
mm CP violation

e The direct CP violation in K — 27 measurement is finished with a highly
significant result. The design precision was achieved.

e O (c) has been measured with competitive precision

e An order of magnitude improvement in determination of 7999 has been
achieved — improvement of the CPT test using Bell-Steinberger relation

mmm Rare kaon decays

e Precise measurement of K — ~ decay indicates a significant O(p°)
contribution and provides an input for higher loop calculations of y PT’

o Decay K g — 7"~ was observed for the first time with BR in agreement
with yPT

mmm There is more to come:
o | NA48/1 | studying K s and hyperon decays collected successfuly data in

2002 and the analysis is in advanced stage

e | NA48/2 | run this year with simultaneous charged kaon beams is in full

preparation

N

~
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