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Abstract 

The CPLEAR experiment running at CERN, measures CP T and CPT,violating parameters in the 

neutral kaon system by measuring time dependent decay asymmetries between K0 and K0. Physics 
results corresponding to about 25% of the presently available statistics are presented for the rr+rr
and the rr+rr-rr0 decay channels. The present precisions are already at the level of the world average 
value for <f>+- and one order of magnitude better than the published results for 11+-o · Moreover, for 
the first time the amplitude for the CP allowed Ks decay into rr+rr-rr0 has been evaluated. 
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INTRODUCTION 

The CPLEAR experiment aims to measure the CP, T violation effects through the 
observation of particle-antiparticle decay rate asymmetries by detecting initial K0 
and K0 states and their decay products: Jr+ Jr- ,  7f+ Jr-Ko and mA. 

The decay rate of initial K0(K0) into 7f+7f-- assuming Es=E£=E, is given by (see 
the previous presentation for the definition of the parameters): 

RKo (t) 1 -"f · I 2 -"! 1 - 1-,8+oi1' 
R

Ko (t) cx [l � Re( E)J [e ' + 1 11+- I  e L ± 2 1 i7+- l e ' cos (D.mt - <P+- )]  

The mass difference D.m between Ks and KL is  approximately equal to  half of the 
decay width of the Ks and the interference amplitude is observable between 5 and 
15 T8 • CPLEAR measures the time dependent asymmetry between K0 and K0: 

RK_O + _ ( t) - RKo + _ (t )  
A + - ( t) = __ -:±JL_7f _____ __::+I1:__7f __ 7r 7r R0 + _ (t )  + RKo . + _ (t) K ->7r 7r -> 7T  1r 

which is sensitive to L\m and the CP violation parameters 1 11+-. I  and 1>+- : 
� 

4 ( )  � ?R , ( ) _ 2 1 11+- I e ' cos (.6.mt - <P+ - l . + _ f � - .e E 2 7f 7f 1 + l il+- 1 ehs -"tL)I 
( 1 )  

The detector efficiencies, geometrical acceptance and residual background are 
identical for K0 and K0 decay and therefore cancel in the asymmetry. This measure
ment allows to evaluate both the amplitude and the phase of the CP violation param
eter in the 7f+ 7f- decay channel. Moreover, the conservation of CPT can be tested by 
comparing <P+- with the superweak angle ¢sw defined as arctan( 2.6.m/ (rs-1L ) ) .  If 
CPT is a good symmetry ¢+ - � ¢sw ·  The present value for \)SW is (43.7±0.2}° [ 1 ] . 

Time dependent asymmetries probe the CP violation even if the final state is not 
a pure CP eigenstate and allow to measure l/+-o in the 7r+ 11 ·· 7f0 decay. 

1 THE CPLEAR EXPERIMENT 

The CPLEAR detector, shown on Figure 1 ,  allows to tag the strangeness of the neutral 
kaon and to measure its decay product. It has a cylindrical geometry and is mounted 
inside a solenoid of 3.6 m length and 1 m radius, which produces a magnetic field 
of 0.44 T parallel to the antiproton beam. Antiprotons coming from LEAR with 
a momentum of 200 MeV/c annihilate at rest, at the center of the detector, in a 
spherical target filled with hydrogen at a pressure of 1 6  bars. K0 and K.0 are produced 
in � 4 1 0-3 of the annihilations through the reactions: 

pp -+ K+ iT-Ko or K-- n+Ko (2) 
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Figure I :  CPLEAR detector 

In these reactions, the identification of the charged kaon and of its charge sign 
determines the strangeness of the associated neutral kaon. 

The target is surrounded by a tracking device consisting of 2 proportional cham
bers, 6 drift chambers and 2 layers of streamer tubes. This detector allows the 
reconstruction of the charged particle tracks and the measurement of their momen
tum. It is followed by a particle identification device, made of a threshold Cherenkov 
sandwiched between 2 layers of scintillators, which separates charged kaons (which 
do not produce light in the Cherenkov) from charged pions. Finally an 1 8-layer 
gas-sampling calorimeter is used to detect gammas. With its high granularity, the 
impact points of the showers are reconstructed accurately. 

To face the high rate (1 MHz) required to measure accurately the CP violation 
parameters and to select the reaction (2) among the much more numerous multipionic 
annihilations, a sophisticated multi-level trigger is required. It is based on the 
recognition of the associated charged Kri pair at the annihilation vertex. The first 
requirement of the trigger is that there are at least two hits in the inner scintillator layer 
and at least one charged kaon candidate in the Cherenkov. The next trigger stages 
place kinematical constraints on the event firstly by applying a cut to the transverse 
momentum of the kaon candidate, and then by requiring 2 or 4 tracks after a full 
event reconstruction and track parameterization. The following processor improves 
the particle identification using the energy loss of the particles in the scintillators, the 
time of flight difference between kaons and pions and the number of photo-electrons 
in the Cherenkov. The last trigger stage requires a minimum number of clusters in 
the calorimeter for two-tracks events. The maximum trigger decision time is around 
34 p.s and its reduction factor is about 1 000. 
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The identification of the K0 decay into 71"+ 71"- is based on constrained fits. The 
constraints are the following: 

- the missing mass to the K± IT+ pair at the annihilation vertex should be equal to 
the K0 mass. 

- the total energy of the 4 particles should be equal to twice the proton mass and 
the total momentum should be equal to zero. 

- the K0 flight direction should agree with the direction between the annihilation 
and the decay vertex. 

The present analysis used data recorded up to the end of 1 992. After the fits, 2 106 

events are selected with a decay time above 2 T5 • In the final sample the remaining 
background is very small. It is only present at large decay time and comes mainly 
from the KL decay into m//.  It has been evaluated to be about 1 .2 1  ±0. 1 4  larger than 
the CP violating KL decay into 71"+ r< - .  

Even if K0 and K0 are produced symmetrically, the number of reconstructed K0 

and K0 is not equal because the detector efficiencies of K+ and K- differ in the 
detector due to their different nuclear cross-section. This effect modifies the relative 
proportion of K0 and K0 in our sample but we have checked that this proportion 
does depend neither on the K0 momentum nor on the K0 decay time. It is taken into 
account by introducing a normalization factor 1 . 1 1 87 ± 0.0026 measured on K0---+ 
71"+ 71"- events with a decay time between 2 and 4 T, where the CP violating effects are 
very small. 

The reconstructed time dependent asymmetry is shown on Figure 2a together 
with the results of the fit. The fit of the asymmetry to expression (1) ,  using a fixed 
value of /s , /L and �m (0.535 1 ±0.0024 1010 h/s) from reference [ l ]  and taking into 
account the remaining background, gives the following values for the CP violation 
parameters: { 17+- = ( 2 .25 ± 0.07stat ± 0.02sys ) 1 0-3 

(/>+- = ( 44.7 ± l .3stat ± 0. 7 sys ± 0.7 �m ) 0 

The quoted systematic errors are preliminary. They take into account the uncertain
ties linked to the correction for the regeneration effects and to the K0, K0normalization. 
The error related to the uncertainty on �m will be reduced in the future due to the 
measurement of �m which will be obtained in our experiment. 

In this analysis, events are selected by using the following criteria: 
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Figure 2: a) Time dependent asymmetry for K0 decay into 11'+ 11'- .  The solid (dotted) line is the 
result of a fit with (without) taking into account the residual three-body background. b) Time 
dependent asymmetry for K0 decay into 11'+11'-11'0• 

- the missing mass to the K±7f:i= pair should be equal to the K0 mass. 

20 

- the missing mass to the 4 detected charged particles should be equal to the 
7fo mass. 

- the K0 flight direction should agree with the direction between the annihilation 
and the decay vertex. 

- the event should not satisfy the kinematics of K0 --+ 7f+7f- . 
- at least one photon should be detected in the calorimeter. 

After selection, about 36 000 events remain with a background level of 15%. The 
time dependent asymmetry A+-o allows a measurement of Re ( 11+-o ) and Im ( 11+-o ) : 

-h5-0( )t 
A+-o (t) � 2Re (Es ) - 2 (Re(11+-u) cos (L\mt) - Im( 11+-o ) sin(.!.lmt ) )  e 2 

The fit of the time dependent asymmetry shown on Figure 2b gives the following 
results: { Re ( 11+-o l = 0.002 ± 0.01 6stat 

Im(11+-ol = 0.044 ± 0.026stat 
The systematic errors, still under study, are estimated to be smaller than the present 

statistical error. 
By studying separately the time dependent asymmetry for events with .T < 0 or 

x > 0, where .1: = (m;.+ rro - m;._rro )/m;. , the amplitude of the CP allowed Ks decay 
into 7f+7f-7fo can be measured (Figure 3). The fit performed simultaneously on both 
asymmetries leads to the following CP allowed decay width of the Ks: 

f(K " --+ 1f+7f- 1f0 ) c·p 1 .) 
0 

- =+ 
= (2 . 1 ± 1 .2)  10-3 

f(KL --+ 7f+7f-7f )cP=-1 
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Figure 3:  Time dependent asymmetry for K"decay into ir+rr - ir0with .>: > 0 and >: < 0 

1 11+- I 1 1 0-:1] 
C7J+_ [o] 

Re ( 11+- o l  
Im ( '1+-o)  

I'(K,s:-t7f+ 7f- 7ru)cP-±I 
f(K r.-t7f+ 7T - 7rOlcP�- 1 

PDG '92 CPLEAR '92 
2.279±0.022 2.25±0.07 

46.5 ± 1 .2 44.7 ± 1 .3 
0.05±0. 1 7  [2] 0.002±0.0 1 6  
0. 1 5 ±0.33 [ 2] 0.044±0.026 

(2. 1± 1 .2) 10-:i 

Table I :  Present and future performances of CPLEAR 

CONCLUSIONS 

CPLEAR '95 
±0.02 
±0.4 

±0.004 
±0.006 

±o.3 1 0-3 

The CPLEAR experiment measures CP violating parameters in the K0 system by 
measuring time dependent rate asymmetries between initial K0 and K0• The present 
results are summarized in table 1 together with the world average values given in 
the PDG 92 [ l ] . The data recorded in 1 993 are being analyzed and should bring an 
improvement of factor 4 in statistics. Running up to 1995 should allow a statistical 
improvement by a factor of � 16. The expected statistical precisions at the end of the 
experiment are listed in table 1 .  The improved accuracy on d>+_ will allow a precise 
test of CPT. 

References 

[ ! ]  Part. Data Group, Phys. Rev. D45, I ( 1 992) 

[2] V. V. Barmin et al., Nuovo Cimento ASS, 703 ( 1 985) 


