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... Abstract' · :~r: ':''.: 

" :; 1,-:; .'' &,~• "~ i':-. ., t:r~: .. ·.. r ; 

The consequences that follow 'from ''the :.invariance of the 
;· -,,. .. , . .,. '·.·.· ' 

. ~-Lagrangian of interacting elementa~y;.-.parilci·es_ with respect 
. , .... ,. . 
·~ , .. · ~,- Et ~ ,:. Fi e:i' ~., . - · , 

.. to tr·ansformation of the mass rever~~_l'f'"'f'-a,.. ~ 5_ y/ '·)·in+ -m 
,, ·-, . ;·' ?~ '• .. \ ,. ('- :>f-::1 

for each particle separately,· are examine-a.· II?-·'interactions 

Which conserve·· parity owing to mass r·eversal. · invariance; ele-
. . 

mentary particles cannot be-'cre·atea· nor destroyed singly. 

Thus ... conservation of strangeness and conservation of pa.ri ty 

are interr~lated. 

In electromagnetic interactions ina.ss',reversal invariance· 
. \''; . .f 

renul ts in the principle of minimal·- elec'trdiiagrtetic in,terac-

tion. Extens:ion of the· invariance, t6 strong interactions re

,·:· sul ts:: in a.n elementary particle model in which the.,;;truly ele

mentary particles are either = , :- 0 
, /l , or p , n ··, ·,Y\ 

(Sakata•s model). In the framework of this model theu·.peculia

rities of' strohg in te ;ac tic:ni''of strange pttrticle s a.nfr:Dthe ir 
' ~ 

systematizatioh are discussed qualitatively·. 

<r,<· ::, ·por.:woak interactions, as has bee11 shown earl:Ler by 
1' ' 

other·aU:thor~, in.iariance with respect to ma·s~ r.e.versal :re-
.\·( ' 

sul ts·:in non-conservation of.parity, in', thtf'. v~·,q·:type of in ... 
' ' 

teraction:·and in conservation of combine-ci'-'1p.%fl-by,.} ,:: 
. . . . . .I \' "'-1 . .f • . / 

:£resides/ in the case of wln1k interactions; a·uumber of 
,. , .. 1 j.J'- .' 

strangeness and isotopic spin selection rul;es · riirise: Within 
. ' :.. t, 1~· 

' .. ' ~'' J1t ·1,, 

the :framework of' the Sakata's 
,,.,;.., 

mode 1 there Tiaturall¾ ';arises 
!" ......... 
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non-renormalization of the ft -decay .vector coupling constant 

· ,vith allowance for strong interaction. 
, .. 

1. The ques tiori o·f the· chi-ra~=i:.tY,. trans formation 

. :·, .:: i..v.·.;;;:;,.. If t'fl - '¥: ~,:•;....;;., Q s 
I 

( 1 ) 

... meaning·.,_ ·essen:t;iaLly 1 ,,.a ,change .of ahner pari•ty of ·th:e .. ., par

. ,, -.tic;te, anq.· _of :-~he con-s:equ:ences· of the invariance of the La

. gi'\a:ngri.an·,· bf interaction With res·pect t'o :this -transfo':t'lnation 

·has-· lately- become ··'.a· poin:t•::cof exteitsive.::'discussion /f-·7; • 

~iom.no /t/ noticed thats'the Lagrangian· of' a:· f·ree Di'rac par

.. •- ticle:.: and: of:-· a Dirac p.articl..e in<an electric field is·,· 1nva-
• I 

riant with respect to this transformation, if the latter is 

,,- supplemented; by the substitution m_,,...-m. -Indeed-r in this 

- , , •. :. case the.: Lag:rang i an { has the :form: :: .. • ··, 
" II 

--· .. · 

lf ( p - eA - m ) 'f 

.and,·as can,;easil;y<be seen;.·1s·not cl1anged by the trarisforma-

t·ton 
I 

~- :t;; '+' = .fs··Y-1 ,· 

'I :. 

-I -
._,I.fl ->- '+" = - I.+-' <f's 

~ :·\ .•, . 

) 
m ~ -m ~~:-,·, . .'·c2) . ··~·-... ,,._ 

Ti6mno-'sugge·sted t.p.e ta.rm mass reversal to -desc.ribe ·trans-for-

mation (2). --:. D'.·,· ..;... 

Marshak and Sudarslla.ri / 4/ and Salrarai" · /5 / investigated 

- the limitations imposed on tlle,:'Lagrang~an of weak-tinteraction 

•-::·by invariance ,vith·res-pect to.transfor:m.ati'bns<(1) ·or {2)/ and 

arrived at the V-A coupling in weak interactio·ns'. ;. · 

But in the above papers the fftrong interactions· were not 

· ,in·variant with respect to (2). How weak--interac,ti·ons ·cou.Td 

satisfy an._ invariance if' :strong in terac.tions disturo it' re

mained unclear •. 
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:::we·· sliall' exteiia m~ss · reve rs'a1 1 iilvariari'c'i/-' th s'irofi~v 1{{::? 
tetactions "as' vrn11 and .. f:ind ·i·1hat conclusions; resuit•\·:e:r:om·;this 

2-~ 'Let there b~ ~- syst~rn "o:t ""·ele~entary partidl~i b;;:g_ 
we'en \~lhich 'there ·e:x:ists ._;ah inte'':racticih of ·an':ai-bi trary ··tip~.:: 

' . 

( e le ctroi11agnetic ;:' weak '~r ·:strong) •. Vie re quire~. tiia t·" t11:e~(':lk:~ifan 
gian o:f this system i:ie invar:U.itlt with: resp~·ct to tra1;~iorma~ 

re qu.i re that · · 
? , ..... ~·· f· 

~· ,!., • • . ' . ; ..., 

"A .• :'- V~ 

~-· ',.i "'( ' .· 

- I 
. ljJ i ,-;\II••-: '+' i == .m;,·,~ -mi)· 

- I 
4' ~ -?" '+' JC. i "-+- J<, 

I I ·. 
i 

1 
'le = .·1,.2., 3 ,: ,,. ·N j ;c, l~i::' .,- \;;; .. •:. ··,:a 

,.__ . .·' . .(3) ·. -··•m1e.~ .:m/G ... , 

L'.9t us :find the limitations .imposed by con.~.iti9:n, .(3}. on.,:~h.e 
.,.. •• • ' • •• ' • :· ': "' '. ¥. .. •• ' .i.,J • • . • • ~ 

'·· 

Lo.grangiµ.ns of_ electrom~nEltic., s-t .. r..ong a.n,d_, w~a~ iµ,_t.eracti,ons, 
,••, •·•·\ ;'~•~'•,•·.· •· . , . ." ,,,,'. -.·.'" ; ,•_-•,t; •' '• • • . ;;••,~1,7 J-,.·• : ._ ~.:· : ' . •.:,F,•.;• ·•,,.,;, t • ... , •. ,', \'• 

,.1.nder the restrictive ~ss.:onption .tllat the cqp.st~,.ts ,.o:f these :•·: .. ~ . .-·>-.i.i .. :·· '''. ~ ~· .. ·· ) .~· , .· ..":.... ·.: .. ' .:··· .: ) ,...,,,., ,;.,.,:;-:_; ft:\ ... ~.: 

in te,r~:°t_ions are not <{hanged ~Y., --~rans!<?rma~i?,n ;(:3) • .. , . -,-, ... ,,,::r 

3 ~,.It should b~ 
1
_pointed out that oor+~iti.Ql'l (3) in c,~.,. 

bination with parity: conservation in el.ectromagneti.c inte-
• •. • ·; • • . .• i,.. •• ' 

r~,ctions leads to .. t.he, .so-called _principle o:f minimal. _elec~ . . . . .. . ·} ' ' . . . :: . . .. '~· . . . 

~r~agnetic iri~erac,\~qn /~I• According to this pri:q_c~ple, t,he 

only in tcraction between the electromagnej;~c1 •.. f..,1,.eld. and,,,. the • 
,, _;,, • \, • ; ., • •~I: ,,, •• 4 

' ' ' 

partJcle~ .. Js_ the interaction with .the. ~-.l~c tr:tc,a}.. chaJ.'ges o:f . . . ·' ··• . . .. ·. r·. . , ~~.. . .. . . ·.. .. '· . . . , .·. ·:, . ;.. . 

the latt.er. Indeed, ot,her gauge-invariant ·interactions wo;uld 
."" .-. • • C • : • ~ , • • < • • , •' ~• ,- :~ • • • .... > \ • ;, ._, • • • •,, ' • _. 

1.ave .the form. 
~ . .i· .. , '; . 

t~--): ,, . 

(5) 
. ·- ... ,. ·, .·1 

where the subscripts l. and k:. ref'e'r to differertt ·p·articl'es ·• 1 
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Howeve.r .. transfonnation (3) rever.s.es.,.t,ne ,s~ign of ,the: first of .... "· .. i: ·... . . :, ·.) ' ·. , . :.,. . . . -~ . . : , .... .i.-.., .•• • • . . . 

. ., these_ expr<:.~s ions .. an;d .' t.l]}t\. sie;n.:.%a~.(\ ,pari-ty o:f:?- the second •. ( It 

n:iay be p_oin,t_ed out .. t~;a,.t the .... ~alR:,e ,.,Qt R, ;:ii.a '. proport.ional to m 
; . '• ...... ~-' ~. ' . ' .. . . 

in, the expres_s·ioll: for the an<?:ma}.oul\l magn~tic momen_t :o:f .the 

fel'µl,ion ap_pearing_ as a result of ra~ia,ti;ve corrections, and 
• ·• I '•• :. ,.. : , •.' • • , , ;· • • • 

' . . 

s.,o- ... condition. (3) .is not violated) o The)- .. .ab~ence -of terms of . .. ........ ~ .... •:, . ' .... '.,. •. ' ·. / - ,• . . . . . 

typ~ .. (5) .. accounts, in particular, fo:t>. the con.serv.ati·on of . ': . . . . '; ~. ' . . . . \ 

strang.eness in electromagnetic interactions. (These .terms 
-t y 0 

might have led to decays of the types ~ _,,.._ p +- o , If~ n+;r 1 
..... , 

,,~e+o etc • ) • 

4 .. ~ It·-··can easily :b~ seen that. the strong meson.-barion 

irft'erl\ction usually employed does n_ot satisfy· c o:ridi tion -, ( 3) • 

Terms o:f type. tfi, '(Sl/-'i tf (:f'or ·examp1e, .. Cif(fSI./J[i'-_'fJ .. ) reverse, 

t'h~ir,.·skn'·under t;ans:forma:t-ion (3), while. terms of type 

. . cr/,cf5lft:.ffs~i3.y lf,-,os%'\i'> :change their par:ttY' as w·e11. This .dif:fi-
_, - \ • '· ... ::,·· ·' _-r.:::~i .. f •: - . . ~ \ .. _ . ,' : •:;: ; - .... • .'· . . , . -~ 

culty can be overcome by assuming that strongly interacting 

mesons ( Ji- :and /6 t\i"re not"' eleme.ntary partic~ies but bound· . 

. states of barion~ -~:rid-· ahtibarions, 

Yang··)~/ and by" .'Mirkov / 10// If ··we' 
. I 

·--,;-- .. 
as was done by Ferm'i and 

accept this viewpoint the 

mesons sh~uld "be· excluded from the in.i tial Lagrangian and t}?.e 

l;S:tte·~ should be ;ubstituted by a Lagrang:fan 'contai~ing only 

1:rit.eracting-- fermions~- . 

. I:f we con:fii'ie ourselves to f'our-fer~i~n interactions it 

will e·asil;t be ·:seen that not every strong ·1:uteraction ·between 

:fermions satisfies condition (3). Indeed, in. the case· of terms 

of the type 

' 

( 'f';,{) '1',c){;! 0 'fl!), ff~ 0.'1'~),{ ,j, ~ 0 '1-e) , (i-, 0 v,,.) {'f'~ 0 'I'm) 
{6} 
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condition (3) and conservation of parity are incompatible •. 

But it is precisely ~ucp. :terI)is. that desc.p~b~ !~~~J ,parity 

conserving p.rocesse~ s1,1ch. as 
;/•i , • , , : :r I _.l " ":·~ ::· 

_o .Z:. + 2.. + n .~->-/\ +: n . ) . - + p ~,,11 + 11 , . +- n -:,,,- !J .. ~ p_;.~ ~. 
To overcome this difficulty we are obliged to assume that 

. . 1:' ·,: ) .. ' ... 

not alL known barions are. truly elementary par.ticlesx . and 
• ' • • • )' : ... ,' I .~. •• • • ~ • :'' .,_, ,• , ; : • ••• • • •• ; ::• 

to confine ourselves to the interaction of truly elementary 
, ·1 -- · • - - ·r ~-.. · · r -; :::_._ · · · .. .,. ... 

barions only. 
:: ......... r, . .. 

The selection of elementary ba~i~ns is so~ewhat arbi-
.. ;. ·.!LL. -· .: ~ ·.- ..... _;... -~~ ,.. .-.. _: :.i· .. 

tra.ry at present .• There, .. are .Ywo po,ss.i~ilitie~, whic,h sa~~.sf~. 

con di t ipn ; { 3) • As a first one,:,, the .~. -1,lyperoll:. and tp.e ~ ., -8f.1'~:i,· 
hyperons can be selected as elementary particles. Another 

. ' '·. ,.' . ; . . . . ··:. ::~ L X:1 .1: G 

·possibility. is to se).ect a // -hyperon., a proton and a neutron. 
- , ' ' •• i , • • • ··'· • - ' ; • . • ;--: ::, ,._ "' ; '~. 

A composite model with p,n and ~,as
1
t}1e ~lementar;y-_pa.~ti.~-

- ' .... - . . ·_: ·. . ... ,. :, ,.. ·-. . .. '· 

les., was suggested by Sakata,/12/ and examined afterwards ~Y, 

a n"U..111p(:}r of authors /13-.16/., Tha,t is th? II;~del,we ·s,J:1;1:"+:l:'deal 

with in the following. 

5. The fo],_lowing. strong four-fermion in.teractions sa...:· 
.t'. "I,•• f 1_; ,; '.J..:; 

tisfying condition (3) and the laws of conservation of charge . .:--r~?~~::1r:_ ,. ·:J ., ,· . .._ 

and number of 1?arions, are possible betwee_n the /7· .-hyperon, 
' ~; ' 

the proton and the _ne~tron: 

(<iipO 'f'p) ( .j;p O'fp) , (1/Jn O v-,.) (iµnO '1-,.) , (;~{) 'Ptt) (~~~ '11,i) 

(Y'r0Yp)(4Jn01/Jn)} (<pp091pJ(iJ,iiOf./J;,) > _(~;,:o,·V1n;(\f110~).-· .,, 
{lf11 0 ~~) (i110 'f'n) 

. (8) 
....2;~:· 

'( 9) 

x) .,. 
Judging by the note added in proof. tc//11/ a 1 similar · ., 

. '· 

prosrammo has been developed. in ah unpublished paper by 

K' ·.:.:I .. ·at·n a'',,.,,.. ····1.,. '·'-hu· J. ·l :~ 
u- "' , ,:;:..... ~ ..t..J..¼ .... -~ ... .,...' .... 
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where 0. are· known _oye·rt:1,'tors· ·of four.-fermion· .interaction. Ex

pressions of the -~ype _ (<;p O 'I-';,) (<in D 4J,,) can be ·represented· 
• . ✓ 

by means of Fierz's relationships /17/ as a l:lne~':i.~ combina-

-tion of' 'te rin§s 0£ typ~. ( 8) .' 
,. · •..• f :. ~:. ' :> .,: ·,••,-t ; . ·. t: >: ! . 

It can e·asily.•be ·seen· tha·t exl?ressions (7) and (8')' con-
. . ,, . ::• :_ !~ ' (;°"... . . · . _-· .f • ''i ·. / - · - l; 

_serve strangerie-ss which in tlie model under consi·deration 

equals minus the number of' 11 -hyperons .Expressfon (9) changes 

S trarigeness by tw~ • He rice the impossi biri ty of changir1g the 

strangeness by one iri" stron~g interactions is a direct' clcm

sequenc\;·· 0:1: t'he model u.nde~;-conSideration-a.nd ccind:ition '(3), 
' ,. (" ~ . • t ' • 

an'ci is not relat·ea· ··to t.l:ie isotopic pro·perties o:f strong in-

- t~-rS:ctions:~ This makes 'it possible to in traduce new elemen-
.i • ' • _1 • • ! ~ . • . '.

0

\ ,!..,_. ·••. ~--:.. ·., ~- : , -

tary particles into the model if such necessity arise- 1n the 
\~ Q ·j·:~ f~ . ,•.' 

future. 
,., ' {':•'"II•' 
!. ~ -· ... ' ' :-:..: 

6.:,·1'Tow let us ~:'an~ider the limitations imposed within 
the :framew·ork o:f the Sakata's model on the operators in (7), 

• '--~ f - ....... ~ I''". • ' ' . .',:_ltf" • ·, • - • . . ' , 

(8) 1 (9r'a.1i'd ·on the coupling···con·stants of strong interaction 
•• ::, • •• ~. :;; :,. C - • C~• ::,, • : • • • .', • • • .', • 

by condition (3) 1 by the requirement o:f isotopic· invariance 

. a:rid:'~by the "Pauli prin~:iple. The most general is ~\opic ihva~ 

riant expression for the strong in tei-action Lagrangia;n has 

the :form:. 

;tes;. ~!N +;;t;;1 +.;t;, :f ff. (ji o,y)(i{o;,J) + ·· ·· 

t 9d1' o;. y.) (j O;,p),. h;, (j O;,J){'l'Oi 'I')+ e;,(ti_ O;, Y') ('/ti;, \P2]~ 
(10) 

w'4~re_J = (i) is 1-f;.he .isotopic: spino.r and lf::, '+'11 is' the 

isoto;IJ,ic s __ c,alar.: -... l-:. S.; V, 7;.Aj P; 
Making use of the conc·eptions o:f the Yukawa interactions 
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the terms in ( 9) propo3:tional to ;f , /2 and .0 corres_I.,l,.9.:0:d -'~.<?« 

~xcha~g.e .pf•~,a:neutral meson wh:ich is an isotopic._scal:ar11 .,i 

17hile. t.he. term~ -propprtf,()nal t? f --~orrespond to, J3,xdh~~e~\. 

pf isotopic vector mesons. 

.... Jt $ho1.tld_ be poin tad out that expression (9). .. and hence 
. . .. ' .. ·.• .. "-. .'.· •. 

fast. processes with LJ.S =;= +c_2. prov.a t.t;>,,be __ :forbidden a1read1:.-.on 
• '.'I . ·• .,.:. . -~· • . : • .'· i . •' • . ..:.. .• ~-. ~ • . . . ·-•~,. .. 

the strength of isotopic symmetry, because :there is :'1:?;,such 

inte1•ac·tion :for the proton .. 

Writing do,vn ·(,o) in explicit :fbrmwe have:··· 

t [ fJ 'PP Oi, l/Jp - ~n Oo lJln /,- Y/t. {:;,, O;, %) ('#n Oi \.J'p) ~ ' ; 
11

) 

- - 2 - - -
+ a i ( '+'f Oi}-1-)p + 4'n Di '+'n) -r h;, (Y-:p Oi lf1, + '-Pn 0;; V'n) ('-PA ~i, 'PA) +- -. ] 

J ···· · ··· - + e · (~ O·'P. )(~ O· \.// ) 
:prow we modify the second addend_ in ( 11): " /\ " A " (; A 

( \f p Oi lf n) [ in•ai ~) =.- E a iJC ( ~r-0;:, rµ,) (y;,, Ok.. 'f'J). ~:. ,r c 12) 
.. , . ' •. ~ -· ·:·•· . .. ' . r . 

where q ~IG a.re the known Fierz factors --/17 /. Subs.ti tuiiing 

·. (12) ·into· ( 1'1) and requiring invariance o:f· ( 11}·-'"Yllth_)f.espect 

to each of the transformatio~s t.pf:..."ifs ¥/,~ -../1,'~➔'1.r'f~':, ~!"\fl\··: i'/ft(~ 
sepai•ately, we obtain tiie following relations 

. 2 ~ s - 2 f 5 - ( fs + V /., + 6 fr + V /4 + /p) :: O 

2 ~ T - 2f
1 

- (f $ - J?, fr + ff ) : Q ~ ,, ·· .. 

2 gp -2/p - {fs - Yfy t 6/., -Y/4 +f,,) : o .: :;-:· 
h $ :: hp -; h.,- : o 

(13) 

It'is easy to see 

theory) co~pi1~i~ -

that :for symmetrical (in the j -number 
.•·: , ... ,._ .. 

v:..:: A V + A - 2. ( S -fa) 1 

and their lineat.."' combinations one has 

,. · (Y t Oifi) (J'i a~Ji T; {j o~ J) (i o·if.) 
Jilor e.ntisymmetrical couplings -

I 
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· ana.•'.!their linear coni.biri~~-tions.::~-'.on~· has 

(J t OiJ< Y(Jfo't,Y, )·= ~6 (Y1p;O;, 4f') Tin O;;~ii)::-6 (y.~O(J ;Jt)"'(:iOi):/.) 

in the latter· _case. terms lik~ . (:fJ/(h lff)(ir Oi,; Yj;). . . .. ; . a.re 

equal zero. · :•; __ ;_-:;~_-, ... 1·: ,:_·~ 

'·'The· e:x:iist~nc~- ;of e·xchruig~- forces in p-'fv interaction 

,•:, Im~fi;~ that-fh.e· Lagrang:Uin (1oi contains both ·symmetrical 

'·and'. iintisymmetrical~: c·ouplings ~-- ·' ·· 

7. Now let __ ,~s .. tu,:rn i;o copipo;~~te par:t_icles i.:P. the Saka.ta's 

model and enumerate the poJ3Si_Qle- isotopic st?,tes. 
• . . · ...... , i~\ ~ ~ .. 

1· r io,. 1 
\ " • J 

..:: -.,..; ,.,··, 

~ ( .< ~~: .'.~ ( ::\ /-;·, x;\ . ~"-- 11_ -

Mes·o'n~{-

.:., -"-•I-

;:·•i-' 

Pions.are-··'bound sta.,t,es ot a nucleon ancl .an. antinucleon:: 
:~ _· ' __: .• ~- . _·_ ._ - ~ . / . 0- _J_ . - -I- n n '"r =;/ 

-!! _r.-pn._:, , -..?1 - pn) JJ. ---vz ( P.? ) ' 
.·•. .... :" K-mesons are bound states of a nucleon and an anti-hype-

,;:! ~: . • : .·. j J ..:.\/ ... { ~.. . . \-... > •• ~ ,-::·.~., ·'.··. • 

ron tor an .antin~cl.~on and a /t -,Llyperon). 
.. + _~ __ ,;, ~- .. · __ " k:.- p- -_ ,-o_/71\ 

/(.. : h/i ;·.,.Jc :: n_.l\ " ; I\ IC, - .--, > r r··., - - . J ... - ; . 

; 

T-= '/,?. 
:- B.esides, two more• neutr.al mesons are possible. with zero 

~ . - . .. 
0 0 . 

strangeness and isotopic spin: p, _and /2, .Th~se mesons are 

mixtures of the sta~es: _ 

:~ .(pp.,-.nn) and I\~ T=o 
·:- There are two more singly-charged meson~_ f'o~ which ~~here 

:· ' 

are empty spaces· in the --_Gell-Mann scheme /8/ ~ These are the 
+ -lv and GJ -mes ans. The s trang~ness of th_'? :f:'irs t of j;hem is 

' . . ~ ; ... . '"".'. i . • . 

+2 and of the second -2. The$~ mes 011s CEµl pe reprosen~ted as 

follows 

+ I w =fi(pn-np)/1/\ , w-= ~ (fh -n ?·> 1111 I 
T::o 
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J!yperons 
· .. : r : .. 

The· known hyperons can be represented as fol].:ows:r'· 

[ \:: p n AJ "i "-:. p n I\ ~ . Z 
O 

= i ·(pp + I? n) 11 _ ) ,T-=; /.x . 
--==-= p Ill\) ;. 

0 

:= fi A/\ I T = 1/ 2 : . ,--~{ '·; .:c: 

Besides there are emptr spaces in the GelJ.-:Mann scheme /6/ 

for two s ingly:-charged hyperons: 

i+;: · ./z, (pn -np) A I 

n.- = -ff ( p n - n fo) /\Al\ ,, T =- o 
The strangeness of the first of these equals +1 and of the 

second -3. 

The question as to why not all the particles enumerated 

above exist will b_e discussed below. 

8. Now let us turn to the question of parity of: elemen- •. 

tary and composite· particles • 
..• 

It is easy to see that the transformation 

corresponds to transition to a particle with a different 

inner parity. Indeed, if J'a '--f'=± 1.f where J?; is the ·parity op~-

rat or, then·, (os'-fl)-:: +(ts'+') . Therefore requirement ( 3) in-

fers that the physical processes do not depend on the _inner. ;•· 

parity of the elementary particle. This is actually the case.,,,··: 

In strong and electromagnetic parity conserving processes 

~ -operators of elementary particles occur twice~ In weak 

processes where particles are created or destroyed singly 

parity is not conserved,. Thus not only the absolu,te inner 

parity of elementary particles, but ·their relative parity as 

well, lack physical sense, as they cannot be: determined 

experiment. For bre vi tY: we shall in the :following accept· the· 
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. .. . ~_. 

parity of all elementar:r particles as equal ·t;o + 1. ··Then the 

parity of all antiparticles will equal_-1 • 

Unl=i:-ke elemen-tary· particles, the parity of composite 
-··----. 

. particles is a physically measurable qua.riti'ty. If we assume 

that the elementary particles· contained :i.n the··~ompos.:ite par_' 

ticles are in the S -state"w·e :find ·tha·t the 1/arity of 1r\ /{--
... _,. .. , .. - ,- . . . ' . . : ., ,P -mes ens and L.. 1 ,.::.. and Z -hyperons_ should be equal to 

-1 whil:e ._the parity of l,J -mesons ana.' the .n.. -hyperon equals 

+1. 

9. There are no arguments at present against the exi-
o O _ . 

s tence off, and f 2. -mesons • If they had a. zero spin· these 
. 0 : . ' .. 

mes ans would be analogues of the- Ji -ra.es on. The assumption 

/18/<that the masses of_,~,--meJ;ons coincide with the. mass 
0 

of the Ti -meson should be rejected if ·we take into account . . 

. ," 

the s:trorig dependence of;_nuclcar_interactions on the isoto-. 

pie Spi:h.. ,, -, ~ . 

It :ls also very~ iral)robab,le th;lt their mapses are at s.11 

comparable-: vJith the mass ·of 7T -mes on?,. as in c:u.c~ c p.s e __ 
·.~~ 

the presence .of ·f -meso-n:s would te1i on .. the results . of 

phase analysis of the· in•teraction qi:' pi.on~ wi·I:;h nµcleo:ns ... 

B,eside~f.t such f· --me~ons would .. arise during . }C -mespn d.~c_;::;.y $ 

It_ is possible .. that the t·· -~7,~onf3 .(or one of_ i;l1em) al"e_ re_s

ponsi ble ·-for the exis t.ence of.Y maximu.m in. IT :.mes on scatte

ring in the 900 Mev · r;egion:. In .this case .th,g .wasse:2!_ of the 
. ,' ... , . ~ . \. . ' . '.,. : . . 

f -mesons ('or.o:rfe:ot them)-.shou.ld b~ close +jo the macs of 

the nucleon. 
.. ~ .. :; ,:~f 
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. The fast dec~y of. pse.u_do-sca.lar f ,-mesons into 2JT-me

·,-$.or,J,s .is ... fo.:rbidden on the strength o:f parity conservation .The 
' ..._ ~ •~• '., ''• • • :r( l ' . • • • 

~apid-decay o:f, pseuq.o-scalar f -m~-~,.ons into_ 3/i-mesons is 
~ . ·. . ·-

forbid.don- 91.1, the E!.,~r~:n_gth of' the isotopic and charge conju-
• • . ~.. • • ~ ·_..=. :. ,... • . f ! . ;. : 

gation i.1?:Y~;t'~El.2t?e ?J strong: _intox:act~ons /19( "(this :forbiddan .. 

ce i1?-. ;not .. indicated in /16/) .. Apparently the most probable 
. .... ·.·' '. t"'•·' ' 

decays of J' -mes o."ls __ must .be the fas·t decays f ->'-Ill 

p + 2ii + '6 • 
10., It is k.q.ow;i that no multicharged elementary partic-

. .,.11. 

les exist in nature. It is known also that nature has not 
... , 

filled. al.J. the .. :vacancies, in the Ge 11.:.Mann scheme within the 
:. ·.• -~ i.;· ' . '• 

framewo.rk of ··singly-charged particles: }, and .D.. -hyperons 
.. 

and GJ -mesons are evidently absent .. What q_uali tative con-

clusions c onceri1ing the nature of the in teractio:n between 

truly elementa-x-y barions can be drawn from the fact ·that com

posite elemen ta.ry particles o:f one kind exist and composi•te 

elementary particles of other kinds.do not? From the exis

te:p.ce of .pi,ons arid le -mesons . i·t shou].d be Cone luded tha ·!; 

there is a very strong a·ttraction between eleme.ntary ba.rions 

and antibarions at sme;ll dis-tancos. Furthe:r~more, ·from thE3 

fact that the mass of the v. '····· ~-- -m~rn on J.n c onsidera.bly g rea te r 

than tJlq.t of the pion, ·it :follows -that the 13.ttraction 1Jet:-:• 

' ween the nucleon and the a.nti-hyperon·· is weaker than: -the 

attraction between the nucieon and the anti•:"'.":nucleon (at least 
. . ····-~ . .. . ~ 

. .. . '.,· '·'-

ill . :the z t::-1:~e with · t = 1) or has a smaller radius .. From the 

c1.bse.noe of compos:tte particles of high strangeness and' char

e:es great,:;,::: .,.,han unity it shou"id be ·concluded 'that there is 
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a strong repulsion between two barions { or between two anti

barions) at small distances .. This conclusion· is in agreement· 

,Yith the widely know:ri data on the existence of a ''hard coJ:'0" 

in the interaction of two nucleons. The repulsion between 

two (\ -hyperons is obviously weaker .than that between· two·• 

nucleons, as q particle containing- tv10 · /\ -hyperons exists 

{the = -hyperon), whereas particles containing everi two 

nucleons (such particles would be C,J -mesons, n. and Z -hy_: .. 

perons, and doubly...:charged particles), do not. 

11. The abov-e considerations give grounds to believe 
s 

that nucleon-nucleon interaction ;f,IVN is stronger or has 
' s 

a lt?.rger ·radius than nucleon-/\ interaction >!NA and /\-/\ 
5 

interaction ;t. AA • 

Le·t- us sec what concl1.wions the symbolical inequality 
·S S s 

'X HN > ;;c NA J ;;c AA (14) 

leads tox). 
s 

An. in te rnction X NA. is necessarily included in the pro-

c e$ses of creation of strange particles {parti~ularly, K-~e-
sons) as a result of collisions of (f -quanta, pions and nuc

leons with nucleons. This is due to the fact that in the mo

del in question the formation of' any strange particles by 

collisions of ordinary particles passes through a process 

( 10) 

. '•, 

x)It seems very attractive to assume that in Lagrangian 

f = ~ = h = e and the difference between A-A N-/\ ) 

N ~, oi 
and . ~-1 v interactions is ~ the combinatorial nature and 

-..A s 
is counected. with the presence of matrices t in ~ NN 
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of creation of'-' thecvir:tual. pair'",/\+/\ .. According to ( 14) the 

cross-sectib•ns ·of-'.. these :processes should. pe'.;:smaller-0-:than the 

cross.;..se?tions·r of the corresponding proceS..$es of pion: crea

tion~ Thi"s coh'clusion";is ·c:..onfirmed by abunc:lant exp_~rimentnl 

material concern:ing thi:V'photocreation of·:··k- -me~ons, ai1d the 

formation of k --mesons- b;r collisions of .pions and nucleons 

with··nucleons.•• ,·. 

·. According to ("14) when nucleons are- bombarded: ,with •'; "': 

nucleons· or lT -mes·ons the., creation c.ross-sec.tion of ithe real 

pair hyperoxi + anti-hyperon should be smalle;i;, tih.a,.i"ttthe crea

tion· cross~sectiori of the pair nU:cle,on + anti~n11cleon, p.ro-
·.•. 

vided both t·hese processes are connidered far e~,eugh .ab.o:v'.~ 

their- thresholds .. 

On the other hand the processe·s o:f scatt.e r¼~g. ~!-f-d _rg,utu

al trans:V-ormation of st-range particles may proceed ~t trip 
. ·.· s·· . 

e:x:penS'e of strong nucleon-nucleon interactions ~ N_N • •·!f;.hus, · 

the formation c:ross-section,of the pair anti-hyperon + nuclo
+ 

on by collisions of /C -mesons with nucleons may .prove ·bo be 
-I-

not so small, as in this case the reaction of k.,. -mes_on 

nbreak a·owntt is possible, this reac.tion not including the 
y· S 

compe.ratively weak interaction Ov/Y/\ : 

/G + + /?::> = -{X + p) +- p ~ X -1· p + p 
The same holds aJ.so for the··,scattering cross-sections of /G + 

.,.J. .• 

and "-;:-mesons. The absorption" cross-section of k--meso.'l'l.s 
- - + .· 

(reaction-s of the type IC, *p4'i.. +Tf ) may also be not small 

Thus, in the scheme under consideration smallness of the 

strange :pDrticle creation cross-section does not necessarily 
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involve' small cross-sections o:f:scatter:I.ng and transit 
I 

into other s-t·range particles, as mainly,<:li:fferent-inte 

tions are responsible for.· thes.e processes. This, conclu 

agre'es qualitatively with numerou~s, e:x:pe:rime_p.;tal data a 
~c ' 

ding to'. which strange :particl.e,s have small cre_ation er 

sect~ons but larg.e scattering and absorption :'Cross~§ec. 
I 

It should be pointed out that this peculia.:t"ity ot' 
;:· 

ge particles· is not reflected in the model s,uggested _r, 

by Gell-Iviann /20/. According to this model the interac 

o·:e·:a:ll be:rions with pion·s are .of equal strength and th 

interaction with I< -mesons is Comparatively_ weak •. The-, 

ci.U:sions obtained. on .the l)as.is of this model. differ. sh 

from those v;e arrived at above .. Particularl:r.a.. ac.c ordin -
± 

G·e1i-Maru1 1s,mod.el ·the scattering cross,~sections o:f k, __ _ 

-and the abs orution cross-section of i4 -,;,;mesons shou1.d c,· 
'?.~ - . . .. 

'The' formation cross-section of the ✓ pair hy:per"on +·,_anti 

. ::: in a beam of p±ons or nucleons should be larger than t · 

. mation cro~s-sectj_on of the nucleon + anti-hyperon pa.i. 
.!· 

+ 
beam of /G -mes ans. 

Ac.cording to ( 1'4-) }he in"'ccraction between two /\ ,":' . 

rons is weaker than that betv1een two nucleons. I:f this 

the matrix element of :fo:;;mation of four strange par-tic 

should be smaller than that of fo:r:m.ation o:f ·t·wo strang 

ticles (at the saIUe time;, the nfritrix .element .of,'. crea-ti 

the ;: --hypero-n is smalle:t' than that of cree.tion of 1 

~, -hype rons).. 

·7 ~-, -
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12. In the model under ci'onsideration al:t'slow processes 

are described by weak four-fermion interactions .. All slow 

processes known at present ··can be described .·by the :following 

interactions:. 

·_ ... ( 15) ~,q;. 2 
( "fp-0 tP,,} :(~ 0 lf'1t) 

( 17) 'r;." (\PfO ~) ·('l'r'O '-l'v) 

C 19) G '((pro~..,) {'iv O '-Pef 

··(16) 

( 18)" 

(20) 

Expressions (15), (16) 1 (17) and (18) describe the 

interaction o:f barions with leptons. Exp:ressfon-··{19) descri

bes- ·-a -weak interaction between barions resporis ible fo'r nori..! 

leptonic 'decays of strange particles. Expression . (20) descri

bes the interaction responsible for the decay of·the_r1 -mes 6n. 

It seems reasonable not to go any further in examining.. other 

possible types of weak interaction unless necessi'tated -by 

experiment. 

Ex.pel."imen ts show that all the c onsta.n ts G -·are· close· :to 

each other in value .. Gell-Mann and Feynman /21/ pointed out, 

for instance, that the f.> -de'cay vector coti-pling constant: 

and t_he vector coupling constant of decay of the j1-nieso:n 

equal each.,other very_ accurately. There are no data at pre

sent on the strict equality o:f all constants G . 

·we ma.y point out that in ·writing down vveak interactibns 

in the· :form -of (15) to· (20) we tacitly assume· that p "· n, /\ 1 

- - - - + + -., . r , (3 1 V are particles while p I n 1 I\ If' 1 e I v· are 

antiparticl~s. 

As shown by Marshak and Sudarshan /4/ a...."1.d also by Sa-

Ot'h,eA1mcu.m.Jii HHCTHT~: -I 
tJ!l'i:pllL-!X Ilrc..1e~o:ia1mu 

6H6Jn·1{)TEKA '•,_ 



- 18 - . 

ku.rai /5/ condition (3) results in a unique form of opera

tQ.l; rQ~ in expre.~'.s t9n,s { 15) · to: .. { 2.0): . c,;. 

-~- _: a. =: (, - o s) ?! r . .. ~- -·· · c21) 

Gel+-Mann °·ang;_. Feyn~a~ -/~ 1/ arri ve.d ~t the. same form of ope-.. ., . 

rator Oby a different line of reasoning. Thus, condi•tion 

(3) 'results in non-conservation of parity: i'.J;l;~'.weak ·in;tera'c-
- . ~ . 

tion,· ensures -c◊n~ervation _of coml;Jined pari:,ty-._and selects 
' . . . ~ . . . ,. . . 

the- V-A type of interaction .. 
·~ ~,· , ~ ' ✓- • 

l3. Uow:-_we shall show. t~at . the ·vector c oitp_J,,;:i:ng· .cons tan·ts 
I 

of._::t,h,e. f:' -dE::cay ini:;.eraotion, Gv and of the -:interac~iorl: b~;~-.: 
/'I 2 . 

wee11,-."/'·,""."mes ans_ ,~n~. nucleons r..,- \' do n.ot ;v~r:r in the mQde 1 

un.4e"r _,9.ons i,d,e r-et~:icm -:i,.:f:' allow~nce is made ·for st:q_ong :inte rac-

t :i.on c,or.l:~ c ti on:s • _ :.:-~ 

--.-.:·.<·:In ,the._ c_pnven t ional theory_ of in te ra,c ting_, pi ons a,.nd. 

nucle ons.,.r. ,aS,- _qe rs.i;e in a-nd:: Ze,l.dovi.cll. /22 /, :,an-q. ,,Feynman H.nd. 

Gell-'.Mann /21/ have demonstrated~ this property of the, ve,c

tor int~ract:j.:on aris~~'. only if a direc_t int:_litract.ion, ·of,.pions 

and ·leptons .i_s · in·troduce;d,~ Ta,.kine; strange particl~s into. 
. " 

ace oun t., d ir~;ct in~erac tion ,between these .part·icleij and lep-

tons ,should als:o be introd.1..1.eed /23L.-It_:i,.s e~sy .·to.see -trhat 

in---the model und.e;r consideration this .property_ of-·the vector 

type of weak int:,eractio.n"is _a direct .con_se-qucnee o-f-the, iso-. 

topic invariance. :o.f · _strortg interaction$. lll,dee',l_., neglecting 

electramagnetiQ and weak interactions 1 we ha-r.re the fol].owing 

expression fo.r :th.cy total Laerangie.n: 

· - Ji J X · _, ;J;t' 
...P:::. ~ ( '( v - - - V 'i( ) + ..i:!...(f (f ~- "."' ~ z ,.,•C ,_Oft a t,r;::. ;; )f' tl fW # i 2 . fd c,)p: 

-
-m1vXX 

-
mA tf.~t + 

:s 
"-,,"ft ,A 

~ ... in, 

")-tt'f ('22) 
-- V ")/ ,1 ""' \._(,I) ' 
C,1/'f ""r' , / -
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S' 
· where ;tint is the Lagrangiru:1· of strong int.eraction in the 

form- ( 1'0 ) .• · Tal~·ing au.vantage _of (,?2)·, we can easily prove 

that •. ,for 'the nucleon"'• current of P· ~decay iii teraction 
. V I ..... . . . .· .-- . : . .-.. .. . .. 

),;=(!"1/."~J'Ji t,he fo~l_o:~i;!_ r~
O
1ation is f~1f_-.i~le:"d: - _ 

-- ·(23) 
' J)(p 

It was shown in /21,23/ that relation (23) results in 
- I 

the conclusion that /the value G., 1 like an electrical charge 1 
~ .. . ,., 

does not change when corrections connected with the strong 

. interaction are -taken into' accov.n"t. A similar pr:,gof can be 
2. ·- . . . . . -. . ., ' -, ~- ' ,, -.•· -·- ., . 

give~ for __ r;v ._ The above-obtained resu.l t is tru.e only in an 
·. ~ :: . ~ 

appro:x:i;Jll,~ tion, v1hich ma~es _ no allowance for virtual slow and 

el,ecj;roma.gnetic. :processes • 
o:'·.· .... : . . 

-
Unlike the leptonic interaction of nucle 01~_s 1 the -lepto-

;. .·.,, ;: r ·.:'J:~--- • ... ,. : .. 

nic interaction of 11 -hyperons Jexp:res~io:ris (17) and (18) ) 
. -::· -.. ,. ,'. ) 

: ••• ••d ,, 

as can easily be seen_, do.es not pos9 e~s the property of non-

-renorrualizability of the vector coupling cori:sta:'i1t\ 
•\ 

14. From expressions {_17) and (18) it follows that if 

the st,rc1:ngeness o~ _strongly in-teracting particles changes 
, ... -.·:· ;~.' .. 

in;,lepi;,_qnic_ deca:ys of st,r~n~e parti_cles (as is clear from 
. . . ,,' •. ,. - ~ :, .' .. ' ; ':'" - : . • ~. ~: --~ ··-: i:-

t he. f d1:'eg o ing, we attribute no strangeness to leptons),this 

-I 

cha.nge ~·can only- .. be ~t ~ ·; ,· -~ H~re l).t = -~ corre~po~·ds to 

e~1ission o~ por;J~t~vely charged le;tons, w~-~le ~S= +-1.:corres-
.. ' , .. , 

._ .... 1. 

pond~. to the emi~sio~ of neg~tiv~ly charged leptons. 

• . N"ow_let :u~ en1?-l)'lerate the deco.ys .~11,owed b! (15), (16), 

{17) and (1.8-) and those forbidden by these interactions: 
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. '. ·-~• . .:."£·) _,t·~ A: ·,3::,. l o. 'W i.e:, d 1 : _;;, ·, '.:: :::-.·.· 

,... ·• ' /' ) -· 
/\ ~)i .;. e- (f'- + v 

"!' • 
,4. ,., .. /. 

l_.-J>;1+e+V . - - k 

- " -1, -- - •. --,;;.i: ~z. +e(.f' ) t V 1 

, ;l.. --~ n f e-<J,,--)'t v '; 
, - . . C:..,fi>·· .•. -= ~1r+e ·Cf·-r1;.. v -
- J 

k;~~ ~~!;~ff+)+/) 

- . - ,,._, z. .... ·A e·. 'V -- ., -- -·+ •d. ,;., .,··, .•,,... ,·.I .\.. ., 

. - 0 -/ q) -£. -~~ .,. e c_r -+ V 

. ic.." ~ ,/} ;-1rr):; V. 
;;, 

-

·F o r:h i d.\d e·-n :.· 
~~: . 

,;- ,t - ,-- · "'I -t) - - - . - / .. )_.,_ -V 
£.;,. _,..n +elf'·_·+ v 

1
• :. -;__. ~n-re,~lf,4- --1:' ,;,, 

r- Cl -/ -) -

~-. -:fr: p-1-e 'f1' -t V 
. ,.,·o -, ,.. . - +/ .,.) - - !.. / ..... 2 ~ ~ ~e 'f + v>/ ,- JG o ....;.7r i:+e7 r._r·)-+y J ~.,-il"'li: -:-1e+~,+)Tv 

. : .-:v ·.'.) ~--,:·" a•• : ", ,.l.' .,·. .._, '.-: .,•.• ' ,·,,·, 

We do not cl~im this list to be exhausti~e; The.f6r-
·.· · - · . .-_: o··. ,. _ , .... o -. .. .. . 

biddances arising :for ~e:1)· a.hd. lG!":, --decays result· in a-·~---· 
kr,1?Wn rel3:tion_s~ip between the number of' et(;,+) .;..ae\/it'fs and 

• •• f ~ ,: l , • .J '. ~ , ~ ..... ~ '· . , •'•• • . . ,. • 

~he :nu.mbe·r <?~ ·e-(.r-J-deceys·•' in a beam of' ~eutral K -misons 

(see / 24 1 25 , 
~·, , ; ('· 

26, 16/ on. thl.s question): 
':: t· ; ..t· . . . . . t , - ..!. :·: . ·' 

n ,{- "' e-t: - "t::,7 o - .i?T, 4Gt',a -
_J!_:: l?eii~ - J +e _-- + c;;_e _,.. . _ _Cqs .~mt. 
n,,- n e - - .! - ..t. __ t _ ~ e '?i + e 'Z"'fi - 2 e. e'<,·, 1.n.:a 

.. ;:) ., ... 

~ ' , .. ~ 

-- <?fL 
Co$ Amt 

Here 17. is the number of corresponding .decays per unit 

time, r:, and tl ar~ the lifeti~es of ;.:/ an:d tc,._";,;.meson;; the 

first of which has 8, c~mbin~~r·pa±.-'{1;y··",;:r +1:,~nd the--· second 
,L 

of -1 • Am is· the diffe ren,ce of mas~e s ·. of IG, (J aria.•· 'f::.."e,"-mes ons. 

From {17) and (18) i.t. follows that in leptoilic deca'ys 

of strange p9,rti~tes involving strangeness changes· the iso

topic spin of strongly ·.int~racting parti~les changes by 1.1 t~ 
= 1/2 /27, 26, 16/. Thismakes it possible to·reiatf the 

. + •t' . 
probabilities of decay of /G a.nd k, -mesons /26, 16/: 

(25) 

w ( k: 0 ~ e + (r/) + lf .,. JI -) -= 2 7.lf ( IC .(. ...,,..,,, e -4- r.r ') + V' + Ji ,:, ) 
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which in its turn results in the relationships /28/: 

vJ (1:; 0 -e +ft+)+ V +71) =i)tr:~0-(rtr-J· V,p•J=tJJ(/(.':..eY("')+ . (26) 
z . ,_ ·- ,. -.c. -.- .,; .• + V 1i o, - , t / .1 r: · . • 
In combination with--the ·rule Ll T = .1/2 f,or ,non-leptonic 

·, ·~ 
decays relation (?6) makes,-it possible to reJ.ate ,the J.ife-

i:, f -··· '. ... -... :,· 

time of the _k.z with the lifetime of the /C -meson. Taking 
,' +· ·- .. 

advantage of data on the li fetiine .of the /C -mes on and on 
+ 

the frequency o:f various /C -meson dt;:cays we ca.n estimate 
. 0 

the lifetime o'f .:the ,tz_7mepon /23/; 

,.., 
l> i 

,..,__,. 
lez. 4 X 10-8 sec. 

·•, ··-........ ~ ,, 

15 • It can easily be seen that into rac ti on (19), which 
..... ' 

is responsible for the non-leptonic decays of_ strange par

ticles, allows a change of strangeness of /A. S/~ · 1 a.~d for""". . 

bids a change of strai;1geness of /tl S/~ 2. llon-1eptonic de·:_: 
cays with .A 7">1'3/2 a.re. forbiqdyn b; interaction:; ( 19)_. rt i~ 
not clear, ho·wever., ho'W the selection rule /l T~ 1/~ _:~~~ '.:~;i 

obtained from (19) 1 if this interaction is considered as 

an e lernen tary one. 

·t6. The author wishes to acknowledge -the ·fnterest -· 
. '... 

to.ken in his work, useful discussions and critical ·re

marks .t?,Y '1 .Yu .Pomeranchuk, Ya .B .zeldovich, V .B .Berestetsky 

and A .p .Rudik. The author is a.ls o greatly indebted to Dr • 
. ,. 

TL.Gatto for an interesting discussion. 
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. 'i r~ 
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