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.I 

The invariance of interactions under the CPT -transformation is a consequ­

ence of the basic postulates of the modern field theory ( the Wders- Paull theo-
11~ . . 

rem ' ) • The experimental test of the CPT invariance is therefore a .test of 

.thes~ postulates. Gotow and Okubo/ 3 / were .the first to pay attention to that pos.­

sibllities of a direct test of the CPT invarla:nce occur in the study of the polari­

zation effects in antiproton-proton elastic scattering 

p + p p + p ( 1) 

The authord 3/ ha~ given, however, no relations between simplest- obse.I"V<).bles 

the experimental test of which would be a direct test of the CPT invariance. Here 

we will show that from the CPT invariance follow the relations 

.. (ll) .. 
=··A n 

(2) ... 
are the where ·1 =· p .. x ~ is the normal to the scattering plane ( p and p' 

momenta of ~e\nitial and the final antiprotons in c.m.s.),p0 >('pC2> >.. is the anti-

proton (proton) .polarization in ·scattering of unpolarized particles, Ac 1) (A (ll) ) 

is the asymmetry in the scattering of an ·antiproton polarized beam on a~ unpolari­

zed target ( an unpolarized beam on a polarized proton target). Let us denote the - .. . 
scattering matrix in c.m.s. by M ( p'·, p ) • Then, as is known 

+ \ + 
p.t> •. _1 Spu M M , P.lll= _1_ Sp u MM 

I .4u 0 
11 I 4u ll 

0 

(I) 1 + 
·AC2l=· _1_ Sp M+ (3) 

M Mu A1 =· -- Sp Mu , 
I 21 

.4u 11 4u0 0 

where u0 is the differential cross section for the scattering with unpolarized 

particles in c.m.s. The spin matrices of the antiproton and the ,proton are denoted 

by u 
11 

and u;. respectively. If the interactions responsible tor the scattering 

process ( 1) are invariant under the CPT transformation then the scattering matrix 

satisfies the follo~ing requirement 

M T < "P• ; > = u·' P ( 1,2) M ( -'P, -p'} P(1,2) u ( 4) 
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Here· P-(1,2)·-lH 1+:;· o ) is tlui spin variable exchange operator,· U 
I 2 

, tary · matrix satisfying the conditions 

··while the 

the vector 

symbol T ... ... , .... 
m =· L=£. 

jp'-pl 

•I T 
u qll u -=-:a-

II 

•I T u . u· u =-:o-
21 21 

denotes the transpo~e. By rotating at the angle 

and using lnvar.iance under rotations we get 

- ..... .. , ... ... ... .. - ... , .... ... ... .... 
M(-p,-p ),.(ujm)(u!j m)M(p p)(uim)(u2m). 

is the uru... 

(5) 

11 ·round 

( 6) 

By ·means of eqs, ( 3) - ( 6) we find easily relations ( 2), These relations are, 

thus, a consequence of only lnvariance·' under the CPT transformation and the in­

:~iance under rotations, In the general case when the S -matrix lnvarian~e 

unde.r the CPT transformation is not assumed the scattering matrix can· be repre­

sented in the form 

.... ... .... , .... ..., ... ) 
M ( p'; p ) = M 

1 
( p , p ) +:M 

2
( p, p (7) 

where 
!I 

T -+ -+ •1 ... -+ 
M 1 ( p', p) = U P ( 1.2) M

1 
(-p, -p')P (1,2) U 

T .... , -+ ·1 ... -+ 
M 

2 
(p; p) = -·U P (1,2) M 

2
(-p, -p'} P (1.2) U 

( 8) 

Instead . of ( 2) we have in this case 

.. .. + 
( 1) ... ( 2).... ... .... 

u0 ( P n -A n ) = ReS p (ul n ) M
1 

M 
2 

.. ,~ .... (1).... .... .... +" 
u

0 
(P n -A n) = ReSp (u

2
n )M

1
M 

2 

(9) 

The. violation of relations ( 2) would mean that the S -matrix is not invariant . under 

the CPT transformation. If it turned out that within the experimental errors the : 
... ... .. (2) .. - .. ,2).. ..(1) .. 

. polarization pC I> n and the asymmetry A n ( or P n and A n ) coin-

cided then by means of ( 9) it would be possible .to determine an upper limit of 

·. the amplitude noninvariant under the CPT tra~sformation. Experhitents on the check 

.of -the C ( T ) invariance of the strong interactions/ 4/ show .that an upper limit of 

the· ra,tio of the amplitude noninvariant under . the charge conjugation C to the ·C 

invariant amplitude is of "the. order of 1% ( f~r T of the order of 2-3%). The pa.­

l;'ity nonconservation effects· recently observed in nuclear reactions are compatible 

with the assumption that the nonconservation of parity is due to the weak interac­

tions only / 
4

/ , · Thus, !fle test of the validity of relations ( 2) needs difficult expe­

riments in which the ·polarization and the asymmetry woUld be. measured with high 

4 

'i 

accuracy., In conclusio_n we note that using, ( 4) and ( 6) it IS easy to obtain rele- · 

tions 'between other obse~bles. We give here some of them 

(1) (II) (I) (2) • 

Df,. =-·D,.f ; o,.f =-·Df.. 

KCI> (I) (II) (2) 

t .. =·-:·K,.f ; Kr., =--·K,.f 
' (10) 

ct .. =-·P,.f ; c.,f = -·Pe,. 

For the determination of the above- quantities see, e,g., ref../ 5 /, 

The author is indebted to R.M.Ryndin for useful discussions of the problems 

we are concerned with, 
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