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Abstract : We Have found no indication of violation of .ither CP or C

invariaﬁces. Using a simple model, one can make an estimate of (0.4 t 1.0) x 10"2
for the relativé sinplitude of CP violation and of (0.4 = 1.0) x 1072 for ©
violation. Our data is also consistent with a relative amplitude of P

violation of (0.1 F 1.0) x 1072,

The possible violation of CP invariance observed by CHRISTENSON
et al, (Ref.l) in Kg decay opens the way to the suggestioh that C invariance

could be violatedvin strong interactions (Ref.Z).

. In this paper, we would like to present the results of a search
for a possible violation of C and/or of CP invariance in strong interactions,

using Ep annihilations at 1.2 GeV/c.

Similar tests have been carried out previously with more limited
statistics (Ref.3). A search for a possible violation of C invariance has
also been made, using Ep annihilations at rest (Ref.4); _however, in this

case, no attempt was made to distinguish between C and CP invariance (Ref.5).

Let us consider the 2 reactions :
PP 14+2+X (1)
p I+2+X L (2)

where X may be any assembly of particles, .
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In these reactions, onc can define the operations CP and CR,
vhere C is charge conjugation, P is parity inversion and R is a rotation
of 180 deg. around any axis perpendicular to the direction of motion of
both the p and 5. We assume conservation under R to be true and treat a

test of CR to be a test of €C alone.

) denote the probability of finding
(@2) relative to the

Let W(py, 615 Pys 8,0 94,
particle 1 (2) with a momentum pl (Pg) at an .angle 91
direction of 5, where ¢l2 is the azimuth of 2 relative to the (p 1) plane,

Pais (Ref.6) hag shown that CP conservation predicts :

W(Plr gl’ PZ:

. 92, ¢12) = W(Pi’ T - Qi, P35, T = 95, ¢i§)
and that CR conservation prodicts :

W(Ply 91:'P25'92: @12) = W(Pi, T - Qi, P5s T = 95, - i§)

By integrating over some of the variables we get the relations:

i
it

w(pl) W(pi) w(p25 W(pg)

I
il

w(gl) W(n - 91) w(eg) Wi - 95)

ag predictions of either C or CP,

Moreover, if CF is conserved we have W(@lz) = w(@ig) whereas
if C is conserved we have W(¢l2) = W(-@i§)=

These predictions are valid for all similar pairs of particles

of the reactions (1) and (2), (Ref.7).

P

The events used for this study were obtained in a study of
300,000 pictures of the Saclay 81 cm H,B,C, exposed to a beam of 1.2 GeV/c

of anti-protons at the CERN proton synchrotron.

After analysing all events with at least a VO, we have found:

344 events of the reaction pp e-ﬁi K~ (3)
343 " K9 Kf_n+ (4)
744 " P - Kg K n° (5)
791w L I R X - (6)
783 " n Kg(Ko) ﬁ+n_ (7)
350 o i Ki KO 7im (8)
165 S R U (%)
135 o " : Kg K wim (10)
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The application of the tests mentioned above (excluding
reactions (7) and (8) f&rAﬁhich_wevcanhdt distinguish between the two
charge conjugate states) gives (0.4 x 1.0) x 10_2 for the relative
amplitudg‘qf CP violation and (0.4 * 1.0) X 10-2 for C violation, using a

simple model to he ezpldinnﬁ_helow.

- Fron these results, onc could conclude that we do not observe
any definite violation; however, one could expect a possible enhancement
of the violating amplitude for reactions dominated by a strong final state

interaction.

Since out cxperimental data shows a large production of Kﬁ(890),
we have then applied the tests to the following charge conjugate states :

oK + K +on (11) :

- s (n =0, 1, 2)

pp > K + K + nn (12)

Another reason to profer this type of cla851flcatlon is that
reactlons which at first view TooL like charge conjugates of each other,
for example pp » K K n and pp » K K n+, can come from the same roaotlon,v
either reaction (ll)-(for exanple Ep - K*OKO - (K+n~) Ko and
Dp - S (®°7K”) or reaction (12). Also the reamctions (7) and (8),
which look self conjugate, can be separated in reaction (11) and (12),

One drawback of this type of classification is the difficulty to choose -

the KT,

In the reactions (3) and (4) only 50% of the events glve
KE (Ref 8), and we choose for Ki the Krn combination with 0,7 < MKn < 0,9 GeV /C .
In the other reactions we have more than 70,6 of Kx production; therefore
we take as Kx the (Kﬁ) Qombiﬁation whose effective mass is the nearest of
the Kx nass (891 MeV), (Réf.9). In this way we do.tgke some events with

wrong KE, but the predic%iohs of CP and C are still good for these events.

To test the invariance, we first weight each event with the
inverse of the probability to find the.Ki decaying'in n+n— (Ref.lo), and
make distributions of the momentum and angiés of the particles in reactions
(11) and (12);' Most of the anguiér distriﬁutions are very anisotropic
which make the tests more meaningful, Any prediction of CP and of C

invarisnces means the similarity of 2 histograms (Ref.1l), We examine
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he X2 of thé.difféfence in the two distributions i,e,:
21 ng . =2 -
= N - V. 4
X7 W, af (= 8,7 /(g + )

where Wavis the-average weight of each event, Ni and ﬁi are.the number of
events of the distribution in lhe 10 bin ¢f reactions (11) and (12), and
NB the number of bins of the distribution, In the case of non violation
the xz_value is expected to be equal to the number of N,. It should be
mentioned that a particular reaction gives more than one distribution.

We believe that these distributions are essentially independent for the

purpose of this test.,

In table I-we list the tests which were performed for CP
invariance, In table II we give the test which was performed for C
inveriance alone, and in table IIT, the test related to P invariance

(Ref.12).

. Ue do not see any statistically significant deviation from
the exﬁeeﬁedlxz.
The preceding tests show only that our data are in good
agreenment with the predictions of CP and C invariances. We need to malke
a model in order to estimate the relative amplitude of a possible non

conserving part of the annihilation interaction.

Rigorously, we should introduce a C non conserving amplitude '
%y and a G conserving amplitude B&s for each possible guantum state

- {defined for fptby the orbitel angular momentun £ and the spin S)et .

In Tirst approximation, we neglect this dependance and assume
morecovér that the relative contribution of C non-conserving amplitude o 0

the conserving amplitude B, and their relative phase ¢, are the same in

is related to the

all bins of all distributions, Then the ratio

W+ &
anplitudes a and B - T -
N-N  2Re aff o oy
N+ 8 T |+ [B]2 T

This ratiq gives then a lower limit of the violation, ..
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We find

+ -2
Vep = (0.4 = 1.0) x 10
v, = (0.4%1,0x 1072
v, = (0.1 *1.0) x 1070

To test the modcl, we have computed for each distribution the
2 N
X (preSented as X2 minirum in the tables) corresponding to the admixture
L - - N . . . 2 . . -
of a and B amplitudes found above, The examination of these ¥ minimunm

gives some confidence in our nmodel,

We would like to thank Prof, J. PRENTKI and Dr, EQUER for |

many helpful discussions,:
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+
In each of these events there are 4(Kn) combinations with IZ = = 1/2.
This weight varies from 1,0 to 1.3 with an average of 1,15,

When o prediction can be made by both CP invariance and € invariance,
we consider it as a test of CP invariance.

P invariance could be deduced from the study of C and CP invariances,
In a more direct way, Pais (Ref.6) has shown that for any pp reaction,
P invariance would predict :

w(<l>12) = u(=e,,)
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TABLE 1

SUMMARY OF CP

INVARIANCE TEST

Reactions studed Nuz’zenrtso:c DISLI;IEBUZIC()JSEAR gé’mca XL t‘IB‘_((:_:{_g_:%EMX:m Number %fa intervals
. 355.3 PKin K* E PKinK® 13.9 13.3 "
K* K (171.1 evts) " cos O K* | cos OK* 6.9 6.2 5
E?ﬁ " cos O 1 in K* :-cos 81 in K 85 8.0 5
K* K (184.2evts) " AdK*K | AdReK 5.6 31 6
LRk ¢ | ¢
3102.9 PK* E P K* 8.5 18.0 9
" PKinK* ! PKin K® 10.6 9.0 10
" PRoutK* | PK out K* 5.7 47 10
K* K il (1565.4 evts) .; Pfiout K* : P out K* 7.7 63 9
Loka ! |
" cos 6 K* |-cos 8 K* 5.4 44 5
" cos 8K in K* | -cos 8 K in K* 10.0 83 5
K 1 (1537.5evts) " cos 8 K out K*| -cos © K out K* 14.0 17 5
ER [ " cos O i out K‘: -cos 8 1 out K* 2.9 23 5
-- ADK*K in K*| A KK in K* 6.7 55 6
" AOK*Kout K* A R*K out K* 1.5 1.1 6
" B KT out K* A KT our R® 6.0 49 6
i
339.3 P K* E P K* 8.7 25 8
" PKin K* I PKin K 7.7 59 9
" PKout K* | PK out K* 5.1 5.8 8
" Piiout K* | Pii out K* 5.5 23 8.
K*K T s (172.5 evts) " Piigout K* | P g out K* 5.5 5.1 7
Kn | '
- cos 8K* | -cos © K* 7.9 8.7 5
cos @Kin K* i-cos 8 K in R* 4.0 6.8 5
K® KM fls (166.8 evts) " cos B K out K*! -cos 8 K out R* 9.4 76 5
(1 " cos O out K*| ~cos 8 ii out K* 33 ' 6.6 5
. cos O figout K®i-cos 8 figout K* 4.6 38 5
|
" Ad K*Kin K* E Ad K*K in K* 3.3 2.8 6
" A K*K out K*I A ¢ K*K out R® 5.9 5.0 6
" A K*il out K'E Ad KT out K 5.0 42 6
" A ¢ K*Mgout K*! A K*figout K* 5.0 4.2 6
[}
Total Nc= 47 502 X3=194.8 1791 X2 =192
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TABLE 2

SUMMARY OF ¢

INVARIANCE TEST

Reactions studed |Number of DISTRIBUTIONS WHICH x2. 1 %8 (N =N 22| X* | Number of intervals
. counts ARE COMPARED Wizt (N; + N;) |minimum Ng -
K* K (1711 evts) 355.3 ADK*K in K'T-Acbk'l?an K* 2.9 2.0 6
K* (184 .2 evts) E ’ ,
i
| 3102.9 AGKK in K"s _AR*K in K* 5.4 44
K*K T (1565.4 evts) " AGK*K out K* ! ~AGK*K out K* 5.4 4.0
" Aq)K'ﬂ out K': -Ad)k.’ﬁ out K® 4.3 3.2
KPK N (15375 evts) :
|
339.3 AQK*K in K’E -AOK*K in K* 7.5 5.1 6
K®KT Tig (172.5 evts) o AGK*K out K* -APK*K ourK* 5.7 65 6
N " APK* i out ke - AGK*ii out K* 8.9 8.0 6
IS"K 1 Tig (166.8 evts) " A GK® figout K’: -ApK*ngour K* 35 3.0 6
_i\ l
Total N =11021.2 43.6 36.2 48
TABLE 3 SUMMARY OF P INVARIANCE ~TEST
Reactiohs studed | Number of DISTRIBUTIONS WHICH X212 (-0 X' | Number of intervals
counts ARE COMPARED W izt (Nj+ N; ) minimum Ng
K*K (7.2 evts) 171.2 ADK*K in K‘:l - AGK*K in K* 45 | 4.0 3
K*K  084.2 evts) 184.2 AGK*K in K*| - AGK*K in K* 1.2 0.2 3
:
1565.4 ADK*K in K‘l: ~AGK*K in K® 0.9 0.7 3
KoK i (1565.4 evts) 1537.5 AGK*K in K*1 -AGK*K in K® 1.2 1.1 3
1565.4 APK*K outk*! - AGK*K ourK®. 2.8 2.5 3
1537.5 AR K our K*! - AGK*K out K® 1.3 1.0 3
KK T (15375 ewts) 1565.4 APK*T out K*! - APK®Ti out K® 0.4 0.4 3
¢ 1537.5 AGK*T outK*| - AGK* 1 out K* 1.4 1.0 3
;
172.5 APKOK in K*i - AGK*K in K* 4.4 3.0 3
166.8 ADK*K in R‘E -AGK*K in K* 1.4 1.1 3
KK T Tis072.5 evts) 172.5 BPK*K outK®| - AGK*K ou K* 09 0.8 3
166.8 APK®*K outK*| - AGK®K out K* 1.8 1.6 3
172.5 AGK® Tt outK*| - AGK®T out K® 8.6 8.0 3
KoK TN, (166.8 evts) 166.8 AQR* T outR*i - AGR*T out R* 1.5 1.3 3
172.5 APK® tisout K*! - AdK*Tisout K* 3.5 3.0 3
166.8 AdK®Tsout K*) - APR Tgou K* 3.5 32 3
: :
Total 1021.2 39.3 32.7 48
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