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1 What we know about CPT invariance from the ex
periments with kaons. 

The discrete symmetries play an important role in particle physics. In 
particular, the usualfield theory of the microscopic processes is built in 
such a way, that it is invariant under the product of charge conjugatiol:l 
(C), space reflection (P) and time reversal "rl'). 

Beginning from 1956 we know that P-invariance is violated in weak in
teractions [1] and beginning from 1964 we know that in weak interactions 
CP invariance is violated too {2], but with a strength much smaller than 
the strength of P violation. . 

What about CPT invariance" 
Because of CP violation was observed in the system {KO , kG} it is 

natural to look for CPT violation in the same system. As it is well known 
[3], one of the consequences of CPT invariance is the equality of masses 
of a particle and its antiparticle. And the most impressive limit on mass 
difference between particle and its antiparticlie was obtained exactly for 
{KG, XO} system. In the literature, the estimate exists 

mKO 

I mgG - mkO I~ 4 . 10-18 

mKO 
[4] (1) 

More strict analysis leads to the estimate 

I mgo - mgo 1< 3.5.10-16 ' IS] (2) 

which also looks as the impressive result. But is J:lleans really t.llat CPT 
invariance is tested for {KO ,kO} system with 2% accuracy only! To clt». 
up this paradoxial conclm.ion let's consider the {XO , kO} system suppos~ng 

tha.t CPT violation is initiated by CP violation at conserved T invariance. 
Then, a possible CPT violation is described by the parameter .~ which 
enters in the wa.ve functions of KL and K s mesons in the following way: 

2/ K s =(K1 + EK2 + AK~)/";l+ 1£ + ~ 1
(3) 

2K£ = (K2 + EK1 .... J1K1)/,fl+ IE - a 1

whc.·rc e is the paramet.er d('scribing CP violation in CPT invaria.nt world. 
The parameter t1 isconncrted to mass difference of [(0 and [(0 in the 
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foI1owing way (see the formula (74) of ref. (61): 

!!a = 1/2« f(O 1H Igo> -< XO IH IXO »/(mL -ms + i(rs - rL)/2) 
(4) 

where m£ ,"'s ,fs are the masses and widths QCthe Kr, and Ks mesons. 
The above equation gives: 

mj'e - mgo = 2(m£ - ms)(Red - cot ...Im~) (5) 

12(rr - rxo) =2(mL - ms)(lmL\+eot.,.Red) (6) 

where 
+.. = aretan[2(m£ - ms)/(rs - fL)] = 43.T' ± 0.2°. 

The eq.(5) shows that even a1 A - 1 the ratio (mgo - mgo)/ m KfJ would be 
very small due to factor 

(1) 

which has nothing with CPT violation. Therefore, the extraordinarysmaU
ness of the limits (1) or (2) is not yet an evidence of extreme smallness of 
the parameter A describing CPT violation. 

Besides, the fimit (1) cannot be used for the rigorous statement that the 
parameter A is less than 3·10-4. In fact, the estimate (1) itself rests on 
some assumptions including such a crucial one as the absence of the direct 
CPT viola.tion originating the transition K~ -+ 21r. The estimate (2) is free 
of such a doubtful assumption, and as I ,shall show., it leads to conclusion 
that CPT invariance is tested for the {XO ,kG} system at 2% level only. 

As it is seen from eqs. (5) and (6), to obtain AmXOko one needs to know 
ReA and [mA. 

But these quantities can not be extracted from existing data directly~ 

Indeed, all measured to date, CP-violating (and possibly, CPT violating at 
the same time) effects depend either on combination of CPT violating and 
CPT conserving parameters, or on combination of ReA with CPT viola.ting 
parameter Yl and with the parameters zl(ft) characterizing a strength of 
violation of the !!aQ = t1S rule. 

So, 
1J± = e- ~ + (a + !"l(I + W)-l (8) 

1loo = E - A + (a - 2e')(1 - 2w)-I (9) 



r(Ki, ~ e+v1f) - r(KL ~ e-v1i) ,_ 

CL = f(KL _-+ e+v1I") + r(KL -. e-v1I") 
(10) 

= 2Re(e - A) - 2Reyl - Re(Xl - Xl) 

where 
A(Kg ~ 211" ,1 = 0) 

(11)a = ( 0 )A K 1 -+ 211" ,1 = 0 

Iv = -~A(K~ -+ 211" ,1 = 2)IA(K~ ~ 211" , 1=0) (12) 
v 2 .
 

1

c' = J2A(IqI ..... 271" ,1 = 2)/A(K~ -+ 211' ,1 = 0) (13) 

The parameters Xl and Xl are defined by the r~Iations 

(14) 

The parameter Yl describing the direct CPT violation in K 13~decay a.m
plitude is defined as follows: . . 

< l+lIl1f- I KO > I < Z-VI7r+ I [(0 >"= (1'- Yl)/(l + Yl) (15) 

The combination 

2 . 1 2 . 

3'1+- + 31]00 + 3<-'1+- - 17oo)W = E- A (16)
 

where 
(17) 

does not contain .1:,(x,) or y,. But it ddincs a difference betwt'eD CPT 
conserving parameter E and CPT viola.ting parameter .&. For this reason, 
basing on smallness of '1+- and 'Joo,one can not declare that E and ~ 
separately are'sma.ll too. 

To determine .6 we need a Dlt'asuremcnt of some otller CP (and CPT)
violating correlations, depending OD other combinations of the ah,we pa
rameters. In princi}Jle, tllese pClram'et..~rs may be dett'rmillcd from data on 
propcr-timt" dt"pendence of prohahilit.y of the decays into dv for particles 
which w("re produced initially as K O and f{fJ •. The programm of necessary 
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measurements was considered by Tanner and DaIitz [7] and it may be ful· 
fi1Ied in experiments where JrO(KO) are produced by X+(X-) or in pair' 
with K-(K+) respectively, in particular, in the process 

p+p _7r±KT 211' • 

belonging to the items of this conference. 
An advancement in determination of 6. will be achieved also after a 

measurement of the charge asymmetry parameter 6, for K, - 1I'iv decays 
at the ~·factories 

6 = f(Ks -+ l+v7r) - r(Ks -i-Pr} _ 
s r(Ks -+ l+v7r) + r(Ks --+ l-P1r) 

(18) 

=' 2Re(e +~) - 2Reyl + Re(zl- z,). 
Combining (11) with (19) we obtain 

1 1
Red = -(65 - 6L) - -Re(xi -Zl) (19)

4 2 

Therefore, to determine Reti. it is necessary besides a. measurement of 65 to 
know the parameters Xl and Xl characterizing a deviation from the ti.Q = 
68 rule. 

In the standard theory the parameter Xl (x,) must be very small because 
a violation of the AQ = AS role occurs in the second order of weak inter
action and consequently Xl $ GFm~ $ 2· 10-6 • But the standard theory is 
CPT invariant one and !1 = 0 in it. . 

So, testing CPT invariance it would not be right to affirm in advance 
that Xl and Xl are negligibly smaD. 

The Particle Data Group [4J gives for X the value 

"x" = 0.006 ± 0.018 + i(O.003 ± 0.026) (20) 

hut this result was obtained supposing CPT invariance! If CPT does not 
hold the proper.time rates of decay into 1r+I-ii and r-l+",. of the particle 
produced at t = 0 as J(O are as follows: 

N-(l-; t) ..... e -rrs:trt1C[cosh(at) - cos({3t) - 2(Re£ sinh(at) + Imx sin(,Bt))] 
(21) 
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=.!!:s..±!:.rJ .
N+(l+;t) '" e t[cosh(at) + cos(l3t)2 

(22) 
-2(Re(x + 2Ll) sinh(at) + Im(x + 2Ll) sin(l3t))J 

where a = ~(rs - f L ) ,(3 = rni - ms· 
As it follows from the equations (21) and (23), studying N-(t) distribu

tion one gets in fact the information on f. The N+(t) distribution gives the 
information qn (x +2A). Unfortunately, in all experimental works (see refs. 
in [4]), both distributions were fitted simultaneou~ly assuming that A =0 
and x = x. . 

But the fact that both distributions were described with one and the same 
parameter .. x" means that x and (2Ll + x) do not differ one from another 
and from "x" within the error bars in determination of .. x". 

Then the error bars for x and (26 + x) do not exceed J2 of error bars 
for the quantity .. x" defined by the formula (20), and we conclude that 

Re(2A + x) =0.006 ± 0.025 ,Rei =0.006 ± 0.025 (23) 

Independently, from the experimentiil data on K:'" decay [4J we conclude 
ili~l . 

I X 12 
::; 3.10-4 at90%CL (24) 

Consequently, I Rex I::; 0.017 and combining this number with .(23) we 
obtain 

IReLl I::; 0.015 (25) 

The same analysis for I rnA leads to the result 

I ImA I::; 0.02 (26) 

Therefore, ~PT invariance is tested for kaon mass matrix with 2% ~ccura~. 

The same limit takes place for RCYt. It can be obtained attracting the data 
[8] on integrated proper-time distributions of 11"+]1"- from K ft and [(0 in the 
process 

pp -+ KO (orj(o)K± + pions (27) 
These distrihutions are uescribed by expression 

N(1r+1r-; t) tv elr.t[l ± 2Re(E - ..l)J ± 
~ 

lThou~h th~ p·u.u\ld~r ~ wou inlroduc~ for K13 d~cay, th~ Mm~ paratntter must d~cribe a violation 
of thr ~Q :::;: AS rul~ in Kif d~(ay. bl~&I1Se an emissiC'n of additional pion in Kif dl'Clly has nothing with 
change of strangcneu. 
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± 2e-r·~1"tU{1 =F 2Ree)RefJ+_ ± 2ImAIm11+-J cos(t6M) + 
(28) 

+ [(1 =F 2B.ee)Im1J+_ T 2ImARe1J+-l sin(t6M)} + 
2+ e-!rL'[l =:f 2Re(e + A)] 1'1+- 1

where fJM = mL - ms and the upper sign to be taken for the case of initial 
KO at t =0 and the loweT sign ~ for 1(0 at t =o. At t :> l/rs (t :...... 00), 
only 'the last term of (29) is essential and 

NlIT(from KG)
 
Nrtr(from KG) ~ 1 - 4Re(e + A). (29)
 

But the statistics of 21r decays will be very small in this region because of 
factor 111+- 1

2
• 

ReallYt to have a comparatively good statistics, one· is forced to use the 
integrated ratio from tmin. = few (l/rs) to t~ >- l/rL. Such a ratio 
depends mainly on Re{e - A) and it follows from the data that 

Re(e - ~) = (2.3 ± 6)10-3 
, [7] (30) 

Then, using eq. (11) and our limits (23) on Rei we conclude that ReYl is 
consistent with zero within 2% accuracy. 

Returning to the question on the most reliable limit on mKO - mi{O ",-e 

conclude using eqs. (5), (25) and (26) that the estimate of this quantity 
which is free of the additional assumptions on character of CPT violation 
is determined by eq. (2). . ~ 

The limits on 1mA and ReA may be improved making use of the Bell
Steinberger unitarity relation [9]. Then we obtain [5] 

Imt:i =(-0.78 ±O.70)10-4 
t ReA =(-0.8 ± 6)10-3 (31) 

but these results already depend on assumption that CPT violation does 
not spoil the unitarity necessary for a foundation of the Bell-Steinberger 
relation [10]_ 

What's the news on CP violation, if CPT invariance is assumed to be 
exact symmetry? 

CP violation in CPT invariant world. 

There are three sources of the observable effects of CP violation 



"
 1. lndireCt cp violation due to interaction cbangiDg theflawur number 
by two UDita. 

2. DirectCP violatiosl in traulitions d._giDI the ftaYOUl' mamber by one 
UDit. 

3. CP '¥iolatiOll eaued by..trivial Btruct1D'e of ~ in QCD. 
TIle first mecJlanillD is realized in tile superweak model ofCP violation 

(11J·dealiq 1ridl the Japagiul 

. L{AS = 2) =ig..(K')2 + h.c. (32) 

The like mechanism may originate CP violation.~ the systems {IJO ,1)0"} 
aud {BO ,BO}. But a value of the coupling constants !f~) and g<~) may be 
different of g!';" because of abseneeof a .symmetry limiting the form of such 
transitions. 

The first mechanism takes place in the Standard model (8M) too dneta 
transitions of second order ill GF described by the diagrams in Fig. 14 The 
transitions of such kind lead to CP violation in {,DO , VO} and {B8 , ,SO} 
systems and a value of the effect can be expressed through the parameters 
of the Kobayashi-Maskawa matrix and masses of quarks. 

The direct CP violation app.ears iI;l 8M as a consequence of a possibility 
for the coupling constants in the interaction of the left..ltanded·currents to 
be the complex numbers. It is to the point to remind that such a mechanism 
becomes the possible one if the number of the quark families is not less tha.u 
~ The reason is that N x N unitary matrix describing the rotations in 
the flavour space is characteri?,ed by N2 parameters, (2N -1) of which can 
be removed by zedefinition of the phases of the quark fields. Out or the rest. 
parameters, (1/2)N(N -1) are real and (l/Z)(N - l)(N - 2) are complex. 
Thns, a possibility to have the imaginary parts in the coupling constants 
necessary for OP violation appears.beginning with N = 3. 

The direct CP violation can occur also due to spontaneous breakdown 
of CP iDvariance in the Higgs sector [12]. In the models possessing GIM 
mechanism [13] of elimination or the non.diagonal neutral currents, the 
three families of the Higgs doublets are necessary (14}. 

Amon« the observable consequences of the direct CP violation,' there are 
the electric dipole moments of elementary particles, the direct CP violation 
ill the tra.nsitions K - b t K± -.3". and in the transitions of D and B 
mesons changing the· fla.vour Dumber...;,.. 

The third source of CP violation is connected to the non-trivial topolog
ical structure of the qeD vacuum described by the so-called a-term ([15] 
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(33) 

This mechanism can induce .CP-odd correlat.ions in the N N and NN 
scattering and, of course, it induces the EDM of the nucleons. 

Let's look now what the existing experimental data on CP-odd quantities 
say u;s about the possible sources of CP violation. 

2.1 Electric Dipole Moments (EDM) of elementary particles. 

An interaction of the EDM of a fermion with the electromagnetic field is of 
the fonn 

(34) 

or 
DuE 

in the feanion rest system. It violates P and T invariance and conserves C 
invariance. So, it violates CP inva.rlance if CPT invariance is supposed. 

There are the following data OD this quantity [4]: 

Dn $ 1.2 ·10-25e em ; (35) 

Dp = (-4 ± 6) ·10-23e em (36) 

D: =(-3 ± 8) ·10-21e em. (37) 

The EDM of the nucleons can appear as a suni of the EDM's of con
stituent quarks. Then 

4 1 4 1 
DA =aDd - aDu , Dp = aDu - aDd (38) 

In the Standard Model, the EDM of quark appears only at the 3-loop 
level. The reason for absence Dq at the 2-loop lelveI is very simple. DB is 
determined by the difference between contributions of the diagrams (a) and 
(b) shown in fig. 2, where the regularized vertex r q(1 itself has the form 
[16] 

(39) 
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Then, inserting the first term of eq. (40) into diagrams of fig. 2 we see, that 
the dependence of the diav-ams (a) and (b) on the direction of propagation 
of the q and q quarks disappears. As for the second term of eq. (40), it is 
already proportional to k and because the EDMis the static quantity, we 
can neglect the dependence on .k in the q and q' propagators. Then, due to 
presence of the operators (1 +1'5) in the qqW: verteces the dependence on 
the sort of propagating quark disappears again. Thus, at the first order in Ie 
the difference between the contribution the diagrams (a) and (b) is absent 
and (Dq ) =O. The situation changes, when additional loops like shown in 
fig. 3 are taken into account. Then the estimate ' 

(40)
 

follows, if the external quark is considered as the current one. But it seems 
to be more convenient to consider such quark as the constituent one. Then 
we obtain D q "" 2 . 10-3Ze C17l. 

The EDM of the nucleons can arise also due to the exchange forces 
between the quarks inside the nucleon [18-20], as it is shown in fig. 4, or 
Dn can be calculated directly, without applying to quark structure of the 
nucleon [21]. But in all cases the limit of order of Dn "" 10-32e em follows 
from the calculations. 

The situation with D n changes in the models of CP violation beyond the 
SM. In particular, the Weinberg Model [14] with spontaneous CP ·violation 
predicts Dn (1 - 3)10-25e em or even larger [22] in contradiction with I"V 

the experimental data. But if such a mechanism takes place simultaneously 
witlt the .Kobayashi-Maskawa medlanism, then a value of the parameter e 
in KO --; KO transition would not b~ connected with a value of Dn , and 
Dn may have arbitrary value right up to existing experimental number. 
Of course, the value of Dn close to experimental limit can be obtained in 
some other models (see review [20]) including the recent model of Hall and 
Weinberg [23], where a smallness of CP violation is the result of a smallness 
of CP violating phase {) _ 10-3 • 

At last, it should be mentioned that the EDM of the neutron, induced 
by O-term (33) is estimated as 

••< {2.7. 10-1
& /8 i e em [24], [25]

I Dn I~ 3.6 . 10-16 Ie I e em [26} (41) 
2.10-15 Ie Ie em [27] 
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The estimates ofEDM ofthe neutron in the framework of the Skyrme model 
give: 

D _ {<·1.2 . 10-16 I8 Ie em [28] (42) 
n - 2 . 10-16 I8 Ie em [29} 

Therefore, the experimental limit on D n requires 

(43) 

though, in principle, () could have a value of order of onc. Such _L sm::-..llncss 
of () excites the desire to find the reasons for () = 0 and there were a number 
of the proposals how to get this result (see references in review ~20J). 

There was some activity also in connection with a contriLution to EDM 
of a nucleon of the operator 

_ ~g3cflJ.iJc€Ctf3""6Ga G'!TGc (44)6 ar i3 "'(6 

(30], [31] and operators of dimension 8 like 

II'-!"n4G GIJlJvGb GbafJ (45)12 J . p.1/ afJ 

[32] where G: II are the antysymmetric tensors of the gluonic fields. Such 
operators appear in some special models of CP violation [30] but it is very 
difficult to calculate the exact value of Dn. induced by these operators. 

(B.) Electric Dipole Moment of electron (De) 
In the S1'I, the EDM of electron is absent at the 3-loop level [33]. A non

zero value of De arise due to EDM of the W± bosons which appears it~elf 

at the 3-loop level. Therefore the EDM of electron appears from 4-1oop 
diagrams and according estimate [34} 

de ~ 8 . lO-41e.cm. 

This value is far from the existing experimental limit. 

2.2 CP violation in {KQ 
, KO} system.. 

In the Standard Model, both mechanisms ~ indirect and direct CP violation 
contribute to KO -+ 27r transitions. So that 

11+- =e + i 
(46) 

1Joo = e - 2e' 
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where E' is a measure of the direct CP violation in t~e transition with 
~I = 3/2. 

It may seem very strange that i is related to the AI = 3/2 part of 
the amplitude, if one takes into account that the direct OP violation in 
the 8M occurs due to so-called "penguin" diagram shown in Fig. 5 and 
corresponding to ~I = 1/2 transition. But it is so because of convention 
[35, 36] to consider the weak amplitude Ao = A(KO --. 27t' , 1=0) as the 
real one. Then, in the general expressions 

i62A(KO --. 21l'') = AoeiCo+i6(C~=-1) *Aze

A(KO --. 211"):=:: AoeoWo-i.s(CP;:;-l) + A2€i6:: 

the CP-odd phase O(CP = -1) originated by the Kobayashi-Maskawa 
mechanism has to be passed together with 00 to the part A2 = A(KO --. 
211" J = 2). 

Before 1989 it was supposed that the diagram in Fig. 5 is the only 
considerable one producing the direct CP violation. Such as assumption 
led to estimate 

t:' /t: ~ (1 - 3)10-3 (47) 

But then it was observed 137] that the so-called "electroweak penguin" 
diagrams (b) and the box diagrams (c) in fig. 6 change the situation. 
Being suppressed by factor aem/os such a ,diagrams can give a contribution 
that is enhanced by factor 1~ '" 22 for the imaginary part of amplitude 
corresponding to ~I = ~. The contribution of such diagrams to £'1£ is of 
opposite sign to the contribution of usual penguin diagram and at 71lt ~ 

150GeV the estimate (47) can be lowered by one order in magnitude. 
But what the experiments tell us about a magnitude of £1/£7 There were 

two measurements 

, _ { (2.3 ± 0.7)10-3 [38J 
(48)Re(£ 1£) - (0.74 ± 0.59)10-3 [39] 

and the last one is consistent with zero value of £'. The data of PDG [4J 

I 7]+:" 1= (2.268 ± 0.024)10-3 

if 

(49) 

17]00 1= (2.253 ± 0.024)10-3 
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also have no sufficient accuracy to deduce the exact conclusion on a strength 
of the direct CP violation because of these numbers may be considered as 
coinsiding ones inside the ert;'or bars. 

Thus, the existing picture of CP violation is very like to the picture 
following from the superweak model of CP violation. 

In such a situation, a search for CP violating effects in K+ ~ 1I'+1I'+n-
and K- -+ 11'-11'-'71'+ decays looks as very promising and attractive. An 
observation of such effects would be an evidence of existance of the direct 
CP-violation. 

2.3 CP violating effects in K± -t 1l'±1I'±1I'=f decays. 

There were some reassuring estimates of the difference of widths of K+ ~ 

1f+1t'+'71'- and K- ~ 11'-11'-11'+ decays and a difference in the energy distri
butions of the "odd" pions in these decays [40, 41J. Contrary to results 
of calculation of such effects in the lowest p2-approximation [42-45) giving 
comparitively small value of the effects the authors of refs. [40,41] claimed 
that the calculations fulfilled in the p4-approximation give the one-two order 
larger values for the width difference and a difference of the slope pa.r~me
ters in decays K+ and K-. 

Be it true the investigation of CP violation in the decays of charged 
kaons into three charged pions would be paramount task for the planned ~ 

factories. 
The doubts about results [40,41] were expressed in refs. [43,44,46} bas

ing on the general considerations without the explicit calculation in p4. 
approximation. The recent calculations of the slope parameters g± fulfilled 
in the p4 approximation [47] gave the result by 30 times smaller than the 
estimate in ref. [41]. These parameters describe the energy distribution of 
the "odd" pions in K± -4 31r decays: 

(50) 

where Y = (83 - sa)/m;, and So == mkl3 + m;,s3 = (PK - P1l""odd" )2. It was 
found in ref. (48] that a contribution to the ratio 

R - g+ - g- ( ) 
g - g+ + g_ 51 

appearing from the terms of order of P" in the I A 1/ 2 12 does not exceed 30% 
of the contribution arising from IA 1j2Ai/z + ..1.i/ZA3/2 I at the p2-Ievel. 
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This result contradicts to the statement o'r the authon of ref. {41] that 
just the contribution of I A 1/ 2 1

2 to (g+ - g-) arising at the p4-1evellea.ds to 
considera.ble enhancement of this quantity. 

The resulting estimate for Rg obtained in ref. (47} is 

I R, I~ (5 ± 2)10-5 I"" 6K-JI I	 (52) 

where 6X-M is the phase of Kobayashi-Maskawa. 
Such a value of Rg is too small to be observed at the DAPhNE factory. 

Therefore, an observation. of a difference between g+ and g- a.t this machine 
would be an evidence that CP violation occurs not only due to Kobayashi
Maskawa mechanism. 

3	 Nearest perspectives to improve our knowledge about 
CP and CPT violation. 

The opportunities of CPLEAR were discussed in the report of A.Schopper~ 

So, it is to the point to consider the possibilities of the DAPhNE factory. 
The recent analysis [48) has shown that a. measurement of the time dis

tribution of 1r+1l"- and 1r01io pairs from ~ decay 

0-0 1 [ 1...L. 0 0«P ~ K K ~ .j2 KsKL - KLKs ~ 7r 1r-1l" 1l" 

gives rise to obtain Re(~) and Im(~) with an accuracy of2 . 10-4 and 
3 . 10-3 respectively. For this, the distribution N(d) must be measured, 
where d = de - dn and de and dn are the distances of the vertices of 1r+1r

0and 7r 1r
0 pair production from the initial interaction vertex. The integrated
 

asymmetry
 
A = N(d > 0) - N(d < 0) ~ 3Re(~) (53) 

N(d>O)+N(d<O) e
 

allows a clean determination of ReelIe. The result for Im(e'le) depends on
 
accuracy in detcrminetion of d and estimated accuracy in measurement of
 
Im(~) turns out to be by one order less than in determination of Re(e1IE).
 

As it was mentioned before, the DAPhNE machine will allow to measure
 
the parameter 6s (see eq.(19) for the first time. Its difference from the
 
parameter fJL would be an evidence of a breakdown of CPT invariance. The
 
difference (fJL - fJs ) could be determined directly by a measurement of the
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asymmetry " L-+ - L+

ACPT~l -= ~ OL - ~S (54) ..,... L-+ + L+

where L+-(L-+) is the number of pairs where the positive lepton is emitted 
before (after) the negative one. Such an asymmetry can be measured at 
the DAPhNE with theoccuracy - 2 .10-3 [48]. 

The detailed analysis of the limits on the parameters describing CPT 
violation achievable a.t the DAPhNE machine was undertaken also in ref. 
(5). The results are presented in the Tables 1 and 2. All estimates are 
obtained for the projected luminocity L = 5 ·1032s- I cm-2 and a one year 
exposition. -

A few words on CP violation in {nO , BO} system. 

In 8M, an expected magnitude of the parameter eB is of the same order as 
for {KO ~ kO} system. 

For the different reasons including obligatory tagging of BO(jjO) the num
ber NEO/JU '" 4 . 10]0 will be necessary to observe cB at the level 10-3 149]. 
This number should he compared 'with N KOkO = 5300 which was sufficient 
for Christenson et a.l [2] to establish that cK :::;:: 2 . 10-3• 

In the superweak model wi th 

it is expected that en '" -locK. But may he g!&' » gff~~? 
In general, a phenomenology of CP violation in {BO , BO} system is like 

to one for {](O , kG} system except fOT a sma.ll difference between rB 
1 

ana 

r B2 · 

There is one large assymmetry 

hut the branching of this mode of dt'cay is small: 4· 10-4~ 

The details concerning a possibilit.y to observe CP violation in {BO , nO} • 
systf"tll can be found in ref. [49}. 
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5 Concluding remarks. 

1) We need new experiments to clear up the situation with CP violation in 
CPT invariant world. 

(a.) Discovery of EDM of the neutron at the level higher than 10-31e em 
or obscrvdtion of a difference between the slope parameters g+ and g- in 
K± ~ 1r±1r±1l'T decay at the level higher 10-4 would be an e~dence th~t 
the Kobayashi-Maskawa mechanism is not the only source of CP violation. 

(b) As the theory now predicts comparatively small value of I € ' Ie 1= 
few· 10-4, the more precise measurements are necessary to search for the 
direct CP violation. 
2) vVe need new experiments L:Lt.e~LCPT invariance it.§cif. At present, 
CPT invariance is tested for {KO , KO} system with 2% accuracy only. 
A measurement of the proper-time distributions of the particles from the 
decays of KO(KO) produced in the reactions . 

pp -...K±1r":f KO(Ko) 

or 
e+e- -+ KG j(O with tagging K f1 ([(O) 

will give a possibility to test CPT invariance at the level 10-3 in the near
 
future (CPLEAR ,
 
DAPhNE).
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Expected accuracy in measurement of the quantities describing CPT violation in K
decays at the DA~NE. 

CPT violating effect Present limits References 
Expected 
:sensitivity 
at DAeJlNE 

I"'w;,.;~ , < 3.5 .1O-U (90%c.l.) our estimate 7.10-18 

(6,-~)-arg w 

IWI /2_ 1 • r{KSlI'*....) 
- I I'(K,_'''') 

7.4° ::I: 6.70 ~-60= 

-45.6° ± 5° [50] 
arg WI = 

-5~ ± 4.4° [6] 

±lo 

~O.3° 

~ R••, 
a = A( K,_211' • 1-0) 

-(0.75 ± 6)lO-a our c!'timi1-!,c ±5·10-4 

A(K._21r.l=O) 

Charge asymmetry 
inKg: bs - [,L 

110 expo data 
I f,s  6£ 15 0.07 

(our illdirt~t estimate) 

Os =? 
h= 

(3.27 ± 0.12)10- 3 ::;;;; 7.10- 4 

rlK")-T(X-) 
"X") 

(9± 8)10-& [tl] ::::: 10-6 

-
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Decay modes of charged kaons, which may be investigated at the DA.NE for search for 
CPT violation. 

Decay mode, i To date (PDG-90): 
1) 2(rt  rn/(rt +ri) 

2) Nx+ , NK -

DAtNE: . 

1) expected sensitivity 
2) expected N;: 

~:JI (-5.4 ± 4.1) .10-8 

2.107 [&1] 
±0.3 ·10-4 
~ 5.6 .109 

~~ (8 ± 12) . 10-3 

2.5 •1at [52J 
±O.45·1()-4 
~ 1.7 ·Wtl 

JS'*1t0 
Jl no data. ±1.3 ·10

;::s 3 ·10' 

e:1t()u no data ±1.3·10-4 

~ 4.1·1OS 

e:t:1I nO data ±5·10-a 
~ 1.4 ·10

(11"+11"+11"-)+ 
(11"+ ....,..0) 

DO data ±O.8·10-· 
~ 6.5 . lot 



18
 

)

1I,C.,t ti,c,t 

s ~- JL s ",c,t d.:1 E.. 
t! ~ S .J., S 

1"1g.1 

v v 

-xi;v: If ¥' (tl1t (0.) 
~ 1 

• I 

f'ig.2 fig.3 



19
 

~i u Ifd. I s d s U. 

u,c~: }w ~d
u d u ~. cL 
c.l do. 

1'ig.4 

s· "Vf d. S \It/" It. 
VA"'..;'..,,"". 

U:'ti 

-
l.1.;W

fig.5 
f'1g.6 



20 

References 

ll] Amblelr E.et al., Phys.Rev. 1957, v.105, p. 1413.
 

[2} Christenson J.B. et al., Phys.Rev.Lett. 1964, v.13, p. 138.
 

[3] Grawert G., Luders G., Rollnik G., Fortschr.Physik 1959, v. 7, p.i.Jl. 

[4} Particle Data Group, Phys. Rev. 1992, v. D45, No: 11, part II. 

[5]	 Demidov V.S., Shabalin E., The DAPhNE Physics Handbook, edited 
by L.Maiani, G.Pancheri and N.Paver, INFN-LNF 1992, p. 45. 

[6]	 Barmin V.V. et ai., Nucl. Phys. 1984, v. B247, p. 293. 

[7J	 Tanner N.W., Dalitz R.H., Ann. Phys. 1986, v. 171, p. 463. 

[8J	 Baltay C. et aL, Phys. Rev. Lett. 1965, v. 15, p. 591;
 
Armenteros H.. et al., Phys. Lett. 1965, v. 17, p. 170;
 
Dobrzynski L. et al., Phys. Lett. 1966, v. 22, p. 105.
 

[9]	 Bell J .S. Steinberger J., Proe. of Oxford Int. Conf. on Elementary Par
ticle Phys. 1965, p. 195, 221. 

[10J Kenny B.G., Sachs R.G., Phys. Rev. ]973, v. DB, p. 1605. 

[11] Wolfenstein 1., Phys. Rev. Lett. 1964, v. 13, p. 562.. 

[12] Lee T.D., Phys. Rev. 1973, v. D8, p. 1226; Phys. Rep. 1974, v. ge, p. 
145. 

[13] Glashow S.L. Illiopoulos J., Maia.ni L., Phys. Rev. 1970, v. D2, p. 1285. 

[14] Weinherg S., Phys. Rev. Lett. 1976, v. 37, p. 657.
 

[IS] 't Hooft G., Phys. Rev. Lett. 1976, v. 37, p. 8.·
 

[16J Shahatin E.P., Yad. Fiz. 1980, v. 32, p. 249 [Sov. J. Nud. Phys. 1980,
 
v. 32, p. 129]. 

[17] Khriplovich LB., Phys. Lett. 1986, v. B173, p. 193.
 

[181 Shabalin E.P., Yael. Fiz. 1980, v. 32, p. 443 [SOy. J. Nucl. Phys. 1980,
 
v. 32, p. 228). 



1

21
 

[19]	 Deshpande N.G., Eilam G., Spence W.L., Phys. Lett. 1982, v. BI08, 
p.42. 

[201 Shabalin E.P. Usp. Fiz. Nauk 1983, v. 139, p. 561 [Sov. Ph)"S. Usp. 
1983, v. 26(4), p. 297]. 

(21] Khriplovich I.B., Zhitnitsky A.R., Phys. Lett. 1982-, v. BI09, p. 490. 

[22]	 Zhitnitskii A.R., Khriplovich I.B., Yad. Fiz. 1981, v. 34, p. 167 [SOy. 
J. Nucl. Phys. 1981, v. 34, p. 95]. 

[23) Hall L., WeinbeTg S., Preprint UTTG-22-99, LBL 33016. 

[24} Baluni V., Phys. Rev. 1979, v. D19, p. 2227. 

[25} Cho P., Preprint CALT-68-1842, 1992. 

[26} Crewther R.J. et aI., Phys. Lett. 1979, v. B88, p. 123. 

[27} Shabalin E.P., Yad. Fiz. 1982, v. 36, p. 981 [SOy. J. NucL Phys. 1982,· 
v.36J. 

[28]	 Schnitzer fl.J .• Phys. Lett. 1984, v. 139B, p. 217; Preprint BRX-TH
308, 1990. 

[29J Dixon L.J. et al., Preprint SLAC-PUB-5344, 1990. 

[30]	 Weinberg S., Phys. Rev. Lett. 1989, v. 63, p. 2333. 

[31]	 Bagan E. et al., Phys. Rev. 1991, v. D43, p. 2233. 

[32] Chang D. et al., Phys. Rev. Lett. 1992, v. 68, p. 439. 

[33}	 Khriplovich LB.,Pospelov M., Yad. Fiz. 1991, v. 53, p. 1030 
[Sov.J.Nucl.Phys. 1991, v.53, p. 638]. 

[34]	 Booth M.J., Preprint EFI-93-01, 1993. 

[35] Shubert K.R. et al., Phys. Lett, 1970, v. 31B, p. 662.
 

[361 Cronin J.W., Rev. Mod. Phys. 1981, v. 53, p. 373.
 

{37}	 Flinn M., Randall L., Phys.Lett. 1989, v. B224, p. 221. 
Buchalla G., Buras A.J., Harlander M.K., NucLPhys. 1990, v. 337, p. 
313. Pachos E.A., 'Vu Y.L.,.Mod.Phys.Lett. 1991, v. A6, p. 93. 



22
 

138} Na 31 Collaborat.ion, Presented by G.Barr at Internat. Symposium on 
Lepton and Photon Interact. at High Energy, Geneva, 1991. . 

[39] Gibbons L.K. et a.I., Phys.Rev.Lett. 1993, v. 70, p. 1203. 

[40J	 BeI'kov et al., Phys.Lett. 1989, v. B232, p. 118. Bel'kov et al., Int. 
J.Mod. Phys. 1992, v. A7, p. 4757. 

[41] Bel'kov et aI., Phys.Lett. 1993, v. B300, p. 283.
 

{42J Grinstein B., Rey S.-J., Vvise 1v1.B., Phys.Rev. 1986, v. D33, p. 1495.
 

[43]	 D'Ambrosio G., Isidoroi G., Paver N., Phys.Lett. 1991, v. B273,p. 497. 

[44}	 Isidori G., Maia.ni L., Pugliese A., Preprint No. 848, Dipt.di Fisica, 
University de Roma ~La Sapienza", 1991. 

[45] ShabaJin E.P., Preprint ITEP 6-92, Moscovr, 1992. 

[46]	 Maiani L., Paver N. The DAPhNE Physics Handbook, edited by 
L.Maiani, G.Panchcri and Paver, INFN-LNF 1992, p. 191. 

[47J	 Shabalin E.P., Preprint IC/CJ3/51, Miramare-Trieste 1993 (to be pub
lished in Nucl.Phys.B). 

[48]	 Patera V., Pugliese A., The DAP1JNE Physics Handhook, edited by 
L.Mi\iani, G.Pancheri and N.Pavcr, INFN-LNF 1992, p. 87. 

[49]	 Nelson H., The Third Family and the Physics of Flavor. Proe. of XX 
SLAC Summer Institute on Particle Pl1ysics 1992, p. 47. 

[50] Devlin T.J. t Dick{'Y F.D., Rcv.Mod.Phys. 1979, v.51, p. 237. 

[51} Ford \V.T.t! al., Phy.s.Hcv.Lctt. 1007, v.IS, p.1214. 

(52] IJerzo D. ct al., Phys.Rcv. HtG9, v. 186, p. B03. 


