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'The>transformation~of‘the~combined inversion pC *consists‘in the,operation P of the .
reflection of space coordinates and in the operation C - of. transformation of partiole into
;antiparticle. It follows from the Pauli-LUders theorem that the quantities invariant with res-A
pect to the operation of. the ‘combined inversion are also invariant with respect 'to the opera~
tion of ‘the ‘time reversal . Therefore, the fundamental low of the symmetry in nature may be for— :
mulated as the low of invariance of the theory with respect to the operation of time reversal

‘r

(in the Wigner sense)

‘Before proceeding to discuss the question'of conservation of parity in strong‘interactions,
we ‘shall consider one particularity of;mathematical method, describing'elementary‘partioles. Ba-
sing on!thelGell—Mann and Nishijima systematies of elementarybpartioles we shall divide all the
Lagrangiansxof the strong interaction .of mesons and baryons into the twouolasses's 8; We attri-;
bute to .the first class the interactions‘which have at least only one vertioe at which not a
single oharacteristic of a fermion such as mass, electric charge and strangeness is changed, -
These are the interactions of # .-—mesons with nucleons, jf - mesons with §: hyperons and % -
mesons-with, = hyperons (and also eleotromagnetio interaotions) We attribute to the seoond o
class the interactions whioh have only -such vertices at which at least one oharaoteristio of
a fermion, suoh as- mass, eleotrical oharge, strangeness is. changed. These are interaotions of

% - mesons with > . and A hyperons and also all interaotions of. I( -mesons with . bary— ;
" oms . Theuformvof,the interaotion Lagrangiansvof~the first class is determined by,the behaviour
of the field operators with respect to P ama PC - Cor- T ) and the form of the Lagran-
glans of the.seoond class is'determined completely by the'behaviour of;the operators with‘res -

fpeot-to theuoperationV: ﬁ)’k . Q o . PR

. We formulate the main assertion of. the considered oonoeption as follows. the low of oon-

servation of combined parity reflects the fundamental properties of space-time . The conser—'

‘vation of _parity in Some interaotions follows from supp menta_z regui ements of invariance. ‘
3,47 '

Indeed, as it is shown in in case of quantum eleotrodynamics due to the gauge inva-
rianoe oondition the requirement of invariance with respect to the operation ‘of oombined inver-y
psion P Cv automatioally ‘leads to the invarianoe with reepeot to the operation of spaoe in-
version, Thus, the conservation of parity in ‘renormalized eleotromagnetio interaotions follows

from the low of oonservation of eleotrical oharge ).

3 4 7’11 in ocase of renormalized pseudescalar ( or soalar ) meson

As it is shown in .
theory due to the condition of isotopio invariance the requirement ef invarianoe with respect to
the transformation of. combined inversion PC' leads te the invarianoe with respeot to the spaoej

inversion operation ~J3 De Thus, the oonservation of parity in meson theory follows from hypo-

»x) Let us observe that in the Zeldovioh's letter 8 an example of non—renormalized interaoction
‘is oconsidered. ; e S - : e o
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.The transformation- of the combined‘inversiontl7c consists in the operation P of the-
- reflection:of space coordinates and in the operation C?r~of.transformation of. particle into
- antiparticle. It;follows from the Paull-Luders theorem that;thevquantities‘invariant with res-s
pect tovthe operation of‘the combined inversion are also invariant with respeect to the opera-tf
tion of the: time reversal o Therefore, the fundamental low of. the symmetry in nature may -be for;re
mulated as the low of invariance of the theory with respect to the operation of time reversal

.

(in the Wigner sense)

‘Before proceeding to discuss the;question’of conservation of parity in strong interactionsv
wefshallvconsider one particularity of mathematical method, describing'elementarydpartioles. Ba-
sing on thelGell—Mann and Nishijima systematics of elementary‘partioles we'shall dividelall the

;Lagrangians»of the strong interaotion. of mesons and baryons into the twololasses 6 . We attri-
bute to the first class the interactions.which have at least only one vertioe at which not a
single characteristic of a fermion such‘as mass,.electric oharge and strangeness 1s changed, .

" These are .the interactions of & -mesons with nucleons, & - mesons with > - hyperons and 4

mesohs with = hyperons (and ‘also eleotromagnetic interactions) We attribute to the seoond f

olass the interactions whioh have only ~such’ vertices at which at least one oharaoteristic of

a fermion, suoh as’ massy . electrical oharge, strangeness 1s changed. These are interactions cf :
.= mesons with > ~and A —hyperons and also all interaotions of K -mesons with bary—‘

‘ons o The form: of the interaction Lagrangians of .the first class 1is determined by the behaviourp

of the fleld operators with respect;to_ p Aand_ ,F’C, ¢ ori/7" )‘andvthe form‘of the‘Lagran-
glans of the second c¢lass is determined completely by the behaviour of the operators with res -

ipeot,to the operationgh P - ' ‘ o

*

. We formulate the main assertion of the considered oonoeption as follows. the low of oon-

servation of combined parity reflects the fundamental properties of epace-time . The conser-

'vation of p__ tx in some interaotions follows from supp;ggenta_x reguiremente of invariancer
Indeed, as it is shown in 340 f in case of quantum electrodynamics due to the gauge 1nva-
rianoe oondition the requirement of invariance with respect to the operaticn ‘of oombined inver-
sion F’(; : automatically leads to the invarianoe with respect to the operation of spaoe in-
version. Thus, the conservation of parity‘in renormalized,eleotromagnetic -interaotions follcws'
‘from:the low of oonservaticn'of eleotrical oharge x), ‘ ’ k
As it is shown in 3;4’7’11 in case of renormalized pseudescalar ( or soalar ) meson‘

theory due to the condition of isotcpio invariance the requirement of invarianoe with respect to
,the transfcrmation of combined inversicn PC, leads to the invariance with respeot to the spaoe'

inversion operation J) e Thus, the conservation of, parity in meson theory follows from hypo-

x) Let us observe that in the Zeldcvich's letter 8 an example of non—renormalized interaotion
1s oconsidered. ; , g a R, , , - ,



- power series in the coupling oonstant But, as it is known

‘thesis of isotopic invarianoe.
Then, as it is shown in 9,4 ‘thekrequirement'of’invariance withrrespect to eombinedV
‘inversion operation PC bof the renormalized and isotopioly invariant interaction Lagrangian
of K, - meson with baryons, of - ZE.J‘A -‘interaction does not lead to the conservation of -
;parity. Thus, the requirements of PC and isotopic invariance for the Lagrangians of the
first olass lead to the conservation of parity and for those of: second olass do not lead to the
conservation of parity. It is possible that some supplementary requirements of invarianoe whioh
’,'ensure the conservation of parity in some form of the Lagrangians of the seoond class will be
>necessary. Let us note that the renormalized Lagrangian of baryons—mesons interaction invariant
.with respeot to the combined inversion operation was determined completely. Indeed, since the.
behaviour of the operator of —meson field under transformation of : /’C 1s known than the
\terms of the Lagrangian of the first class are determined completely . There is only one form

of Lagrangian invariant with respect to PC for the interaotions of the second class.
‘ We shall restrict our oonsideration only by renormalizable interaction Lagrangians. It f
) should be noted that the splitting of the interaction Lagrangian into renormalizable and non-
renormalizable parts was carried out on the basis of an expansion of the 23 - matrix into .a
10 there is an’ essential physical
Ydifference between the renormalizable and non—renormalizable theories beoause in non-renorma—
ilizable theories the interaotion Lagrangians are "debris" of non—localized interaotione repre—

‘sented as it were in a looalized form.

When investigating the non-conservation of parity in'etrong interactions by means. of ana-
- lysis,ofibaryonfmeson oollisions note'should\bertaken thatAthe effect from‘theinon-oonservation
of parity in strong interactions must'be greater than the oontribution'from virtual weak inte-
kfraotions whioh does not conserved the parity. Since we hold the classification of interaotions

given by Gell-Mann, than Zeldovich's example 8

1s not the case of violation of parity in eleo-
tromagnetio interaotion and from our point of view illustrates the influence of the virtual

graphs with weak interaction on the‘electromagnetio prooesses.

‘ Letvus prooceed nowtto disoussche;problem of experimental oheok of conservation of parity

" in strong interaotions. The requirement of isotopio invarience for the Lagrangians‘of the first
olass invariant with.respeot to. ¥’C leads to the conservation of parity. Therefore, first of
all let us. investigate interaotions of the partioles the interaotion Lagrangians of which are

- attributed to the seoond class, ‘In order to oheok the conservation of parity in’ l& —meson and
.hyperon produotion we shall oonsider the process j'-HV—’ K+Y with observation of the follo-;
fwing deoay Y= N+G ¢ \( may be. f/\i,or' :Z; - hyperon ) “AS - it is shown in - 12
if the parity is not oonserved in K - ‘meson and hyperon produotion than the longitudinal oom—

ponent of veotor of polarization of hyperon mey arise which'leads to the’ appearanoe of the asym-
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metry in distribution of & -mesons from the decay. of hyperons ( in center of mass system )
both with respeot to the plane perpendicular to that of produotion, whioh passes in direction -
‘of the initial - 7. -meson and with respeot to the plane perpendicular to that of produotion
"and perpendioular to the direotion of the inoident - - meson . If we have a longitudinal hy-

peron polarization than the asymmetry with respeot to one of the above—mentioned planes x)-must

appear 12, 13
N The analysis of the experimental data 14’ and investigation 15 of this asymmetry in the “t '
reaotion Jf *‘F — 'A e ’< “ l! at 1.. 1. Bev which has been made by the Bubble Cham-

ber group at- Berkeley xx) did not detect the non—conservation of parity in K- meson and hype-
{ ron produotion. But the aoouraoy of the measurement results was not high. In oonnection with
‘these experiments it should be noted that since the properties of the longitudinal polarization
are not know ( if it appears ) than it 1s possible that. this polarization may be different (by"
' value and sign ) at various angles of hyperon produotion and when integrating over angles thev
: effect may be smeared out, In. view of this it would be . interesting to-consider this process in’
the narrow angular range ofphyperons,produotion. The reaotions‘cl<’+ P ""*‘\(+7¢i~,

};T"'+'P‘——v-“ /\av*_"f o et al are-of analogous' interest.‘

‘ The investigation of the reaotion ii 5‘ + P — 2: + K 164, greatly perspeo-
tive, If the parity is not oonserved in hyperon and K’ —meson produotion than the asymmetry in

K. —meson distribution with respect to the plane oonstructed ¢ in oentre of'mass system ) in
the direotions of the inoident % -meson and hyperon will appear. The advantage of this reac ;
“ tion - and analogous,onesf ; L , - ‘
"K‘ +d—PP+/\ + o "  / ‘ .’—'i,)‘——;—r— YQ+V'K++ T ;
, oonsists in that the asymmetry does not depend ‘on the properties of the longitudinal polariza- -
'tion. It is possible that the non—conservation of parity will exhibit ‘at low’ energies when three

;or more mesons are produoted.'

The more preoise investigation of non-oonservation of parity was made by means of soatterinet :1
- of polarized nuoleons by nuoleons and nuolei. 0n the basis of analysis of the polarization expe- '
riment \ made in' 17 it is shown that the value F whioh oharaoterizeskthe gegree of vio -
'lation of the parity conservation low is less or equal to 3 lo .' In 19 ‘on the basis of
measurements of the longitudinal polarization of the neutron beam of 350 Mev-energy one obtai- ;
ned o Fq‘,_'ég 3 6 1070 . n 17 the problem of non-oonservation of parity in g4 T —me-

son produotion on aluminium by polarized proton with 209 Mev energy ‘was studied. It was found;

x) The author 1is-grateful to Prof., Drell for sending the preprint and expressing his thought
on-questlon of - ... . —oomservatlon, :

- xx>ﬂ.‘he author is grateful to Prof. Steinbergen and M. “Good for sending the preliminary results
-of the measurements. - AP L ] ‘
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that F,‘< 2, 1072
‘;So, Tanner 20 found that F:z < 4. 107 8 and WilkinSon'ZIHdetermined that lf:zéé 1. 1077 on

+ The: oonservation of: parity in nuolear‘reaction'was confirmed more exaotly.

ef the average in series of reactions.

, If the violation of the isotopic invarianoe is absent than the non-oonservation of parity
- may appear in nucleon—nucleon collisions and nuolear reactions due to the virtual - K —mesons

: and hyperons. and due to the non-local interaotion. As the’ estimation shows in ;3 the contribu—

’l, tion of " K -meson forces to the nuoleon—nuoleon potential 1s small hence the oonservation of

.. parity ( with great degree of aoouracy ) in nuoleon—nuoleon interactions dces not oontradiot
© the violaticn of oonservation ‘of parity in K "— meson and hyperon interacticns ( i.e. for

the interaction Lagrangians attributed to the 3econd class)

In oonolusion let us note that the experimental disoovery -of non-oonservation of parity
in strong interaotions desoribed by the : Lagrangians of ‘the: second olass would confirm all 1
‘above conception and make- possible to penetrate more deeply into the lcws of the nature,: For
'_example, the appearance of non-ooneervation of parity resulting in scattering of w —mesons c
by nuoleons will teetify either the violation of the hypothesis of the oharge invariance or
the appearanoce of the non-local interaotion. The appearanoe of non—conservation of. parity in’
'nuoleon—nuoleon interactions would allow, beeide, to estimate ‘the. contribution of K- meson -

‘. hyperon foroes.

I exprese my gratitude to: Profeseore N.N Bogolubov, D I Blokhintzev, A A Logunov,,
M. A.Markov, B.M. Ponteoorvo and R M Sulyaev for many discussions of problems oonsidered in

p,'this paper.

© Received on Jamuary 3, 1999,
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