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In S~citi:on' :II a 'p~elirpinary s"ystematics based on .corres­

pondence. betwe·en kinds : of fundamental particles an·d. pai~s. of .. 

irreducibie representat\ons of Dirac ts or Duffin~K~;llllller'• s al­

gebra in space-time and· in· isospace :is p;oposed·~ In' Section'· J:II 

an "isoalgebra of stroriglys" is 1def:i.ned and a ·tneo~y of the' wii­

.fied baryon..;.field and·meson:...field is formulated. In··se·ction· IV. 
· strong and ·weak intera~tions be.tween th_~se ·two fields· ~e · 1~ves·-

..,; . 
tigated. An-outlook on·poss1bilitiesof further development of 

this theory is given in Section v·. 
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·r. In ·t-r o duct 1 on 

Most -succe~sful'attempts·to_:3ystematize the·furidam~ntal 

particles are· based -on snme · generalizati•ons ·. and· refinements 
/ . ' . -•, 

· cif Heisenberg's· old notion· of the. isobaric spin of 1the nucleon 

I 1-J, 211. The m·ain object of these systema.tiza~ions ,is, the 

group o_f strongly interacting particles. comprising' t~e bary~ns · 

(nuole-ons and· hyperons) and _the mesons (pions and kaons)'. Only 
. ., I . . • . . , : ,. . 

relatively ·rew,attempts_have been.made till·no~-to understind 
\ ,' • I • / ,: , ' , , . • , ~ ♦ •• ~ • 

. in this way_ also- the . structure of the gro_up of_ lep~ons ( f ~ . 
me.sons, e,lectrons and neutrinos) 14.:..8, 211.-.: 

I ' /j • ' . , 

in, Section II\ of the present paper we start fr-om today's 
·_.· . . . . . '• .-. . ' . .. ' . . . . .· ·' . 

experimental evidence .t,hat the magnitude's of spin and isospi~ 
, ··, ,., ,. ' 

which. ·occur in the system. o.f fundamental particles are - ~1 
,' / ., •--" , CI,- • • I • • • _ ·I 

and from _the .w,e~l_ known fact that. ,par:ticles with spin i _ or 

0 and 1 are. primarily characterized.by the set of~four ir-
• , ' ·\. • •• .< ~ '. ·, • • • • • .., • I • ' 

1· 

reducible Dirac matrices_: r f o~ Duffin-Kemmer matrices ' p ! 
.and not by the matrices representing th.e co~ponents·of- the spin • 

. . !" . • . ' . . 

Tp.e _spin:- ma.trices are exp;ressible.in terms of.the y's or 

p•~ and appear to be of seco:11dary-~rigin. 

We assume that similarly :1.n -. the ( threedimensio:iial) isospa•'.'·; 
. ':' '. ! ,\' • ' 

. , ce variou·s kinds .of particles are pr-imar;ly_ a~soc1iat~~ ,not 

with irreducibie sets of isobaric spin - matri_ces,.,but with· 

frreducible representati·oiis 'of the .Dirac of;Du~fin.;..Kemmer, al-
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gebra, This makes-a difference firstly due to the existence 

(in threedimensional space) of the so called twin· r·epre·seii;;. 

tations of both· algel>ras and secondly due to the exist~nc·e · 

of the ir~educiblEf rep£esentatiozi ·of the Duffin:..Kemmer algeb­

ra by. 4 x 4 -matrices. We shall see that, the correspondence .. 

works quite, well and enables us to interpret pur'ely algebra·-
. '/ . . '- " . ' . ~ 

ically alsC' such 'import~nt quantities as th~. "isofermion 

quantum number". Arguments in favour of the association of 

the four particles [ [ [. • I\ . w,- th the 4 x 4 -represen- .. 
. ' +, o, -, 

tation of the Duffin-Kemmer algebra in isospace e·merge ~uite 

n~turally.l/· 
•• ' • ~ ' 4 • • • •• ------------------------------------------------------
1/ The idea of the association of various kin~s of·ele­

men~ary particles with various irreducible representations 

of the . Dirac and th~ Duffin-Kemmer algebra in spa·oe-time and ·· 

in -isospace was at first expressed in our e·arly pape~s I 6~91, 

At that ,tirtie, however, em;i~icai data concerning new partic­

les· were· rather incomplete· and so it was not possible to-find 
,_ .;_ .... ______ ..:, --~ 

use. for. some ·existing irreducible. representations and ·to·-set-
' . ' ~ . ' . 

tle correctly the corresponde~6e. 
, . -------~--------------~-~--~----------~----------------~~--, 

. According to the present empirical ev.idence there is so 

pregnant :similarity between the family of baryons and t.he fami­

ly of'mesons that it gives rise to the conjecture that the 
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isobaric structure of J>.ot_h these families. of ft1ndamental. 
-

.particles is basically. the same and is characteristic for 
• ' • - • -. < -. • .,- • • • •• :.. • ' 

tp.e· whole group of stronglys. This conjecture mean
1
s ;i;hat · 

' , , . - . . . - - ' . . .~ •. 

besidP.s the empirically known ~. JT0 '"'.',meson (wp.ic~' has .. I = 1 

a~d, k~P:t',e~!nt~. the counterpart of the . r 0 ,-hyp.eron) Vf·~. have 

to expect t'he existence" of another neutral me·son :rr'' i (with 
, • • • • / ' ·, • '· ,', • • ~ • :.~ .- , • 1 .• • ,i : 1 • , . . . / . . 

;I =:· 0 1ike' '"the .. /\ . -hyperon). The_uretical argume;nts ,in favour 
' .. :':: ·, ' '. . .. ' '\ ' 

. i/ I . .. . , ., , , 

of .•.the .existence of. this "fourth pion" have been found espe-
• •' ',,/• - • ' 'N • • , • ' • > , • • I 

. ' ' : ' . 

. cially i.n .. some versi,ons ·of the theory based on fourdimensio-
i', ~ J • ' • • ' • ..,_ ' ' • • • • • ' ' 

nal isobaric spa.ce 110-,a.2,, 21 I •·. I~ cr1u·. sc~el!le. such ~rg11ments 

are· connected jith formal' advantages off~red1 by C:the a~s9ciat..: 
., ; . .. . 

ton of the 4 x 4 -representation of .·the Duffin-Kemmer alge-
• • .. -~- ' .,_. - ,, ' • '- .,• •. ►: ' -~ • • - .• • ,, •' 

' ' ' . 

bra also. wi th~,.pions-!7.;. 1!f~, rr_; JT1 
•
2l 

..;. _____ .., _______________________________________________ _ 
..... 

2/. ,The fac·t that· up to the present time n? pion with 

~ero isobaric -spin has· p,een observed (a·s a stable or semi--

stable particle) .isnot.necess~rily in contradiction with/ 
' . . --, 

theories assuming the !.·existence of a JT/ since· tne proper-- , ' ,: ' . ' , ' ' 

ties- of this parti()le (c~µsed 1:>y its _interaci;fons -with ba.ryons) 
' , 

ca11 be such as to make it hardly observable in 1>ractioe 1121. · 

See a1soSection IV.below. 
' - , 

----~-------------~-----~-----------~-~------~-------~--
• .·.The (common) isob_aric , structure as.signed .to both the 

',:- ,·,, •.·. -1.' 



family of baryons and tha:t · of mesons can best be Aescribed 

by a sp~cial . "i~oalgebra of stronglys·•·. The·•. defin:1.tion .. and 

proper.ties· of this algebra are briefly considered· 1n Section 

II~ •. In sequence·- the· eqtiations. o; -~- un~:rl'~d .baryo~:field ;a~d 
' ~ . 

-· meson--,f'ield together with the auxiliary condition- satisfied . 

by the meson-field are formulated there. 

strong and \w~a~ interactions between these two fields · 

(corresponding ·to.strong ana.·weak interacti~n~:ot·baryons _ 
, • . • •. I t. 

with. mesons):, are co~sidered in .Section IV. A' very ~ymmetri- . 

_cal Lagrangian -of~_strong interactions (containing_ orily
1
----one 

strong co~pling constant) is constructed whi~h'gi~es·(al-
... · ·. \ . . 

ready in seqond order) at least the prop_er s~queno:e of ;l)a;y.ori ·. 
. . . 

and meson masses with 'the mass of. JT 1 ~ssentially larg'er -than 

. _ the· mass of the JT:-tri nlet • 

The isoalgebra of strongl;y;s contains an eieme~t/R (:3pu-,­

,ri·on-.;;.matrix) which makes it possible to write the ·0lilgrang:tari . . . ' . "· '. . ... 

of weak -- interactions between baryons and mesons in- a· f'orm si-
/ ,. ' . . . ,. ' ' ·. . •.•.·--. : _>::_ 

-fuila:r to the Lagrangian of strong_ interactions·. The charge 

·c·onservat'ion and the selection r~les _I 11U/:=~, /AJJ~- !' 1 i':AI31 =:J~ ·· 
follow a'utomatically from this Lagrang~a-n. •. _T}l~ possibility· 

· of iritro1ducing in a natural way p;trity nonconserving: (but 

11 comb:t.ned parity" conserving) terms·is connected v1itn'the 
', "" 4, \/ 

-- ' I. •. 

behaviour of individual terms under charge conjugation.✓ . . . . . .· •·,'•; >~ 
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~ ' ' ' ., 
Some perspectives of further development of this theory 

are. briefly· me.ntioned in Section V and some ~seful formulas 

are oolleoted,iil the Appendix. 

* * * .. 



7 

. . . ( 

II.~ Irreducible representations of the Dirac· 

and Duffin-Kemmer algebra· andtheir association withva-· 

rious kinds· of fundamental particles 

1~ The algebra defined by ~he relations· . , . 

(1) 

( r-- , II = 1, _2, J, 4) has only one irreducible re~resen~ 

tation, given by the usual hermitian 4·x 4 -matrices of ·Di­

rac. The (reducible) matrices CJcK) 5' ( A = 1, 2, J) repre­

senting the components of the spin of the 'particle described 

by the Dirac wave equation 

(yfA-.at-'- + M)'t-1 ::0 

are give.n b~- the formula 

. . . I 
. The magnitude of the spin o, r J = I 

.(2) 

·(J) 

Recent experimental results indicate that not o~ly the· 

·electrons, neutrinos, mu_ons and nucleons but--:cals~ _ the hyperons 

have spin T , . Thus we can. assume that all fundamental 

fermions are associ.ated with the unique representation· of 

the Dirac algebra in space~time. 

2. The Duffin-Kemmer algebra defined by the relations 

(4) 



\ 
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. . . . 

has three irredu,c·ible representations •. The_';·ct:r:tvial~-~ne, 
(0). . . . . . . •. . 

Pp. = 0_
1 

_' ,_is (!f- ~o.llt>_e for~ writing _fi,;s,t .o~cl~r wave ·equati~ns . 

anid so we Qan )discard it. The. r~pr~.se!lctc1.~ions . p~· and p~ 
a;I'.e given by the known hermi_tian 5 x 5.<::.m~trioes and 10 x 10 

~matrices respectively. 

The (redu_oil?le) matrices °cp> X rep:resenting the 

.components of the spin of the particl~ d~·scribed' by the•· ... 
wave. equation_ 

( ~pc °-,-.c- +.m) lf = o _·,;.(5) · . 

are;_given by 

. . ·: .. Gcp/X :-LfXp-ii Pp,Pv · (6) 

As -welf kniown; the. particle· desorib.ed by the wave equation 
. .· •· , . . . . . I . 

(5) has only. spin· zer:0 states -in case of . pt-'- =·pp, , and orily, 
•. . H . .· . . , .. 

· spin on,e s.tates in case of pp-= pt'- · aJ.though we• can find 0 
·. • . , . . . I 

as ~ell as· 1 · among the eigenvalues of 'tioth :matrices cr ( P) 
. . • ll . . 

and . CJ ( p) •. 
. . . .. . . . . l .. ·· . . .. , .. ·, . 

• The. set· of matr·ices . ~ µ >is associat~d with mesons 
I 

(pions and, kaons). The· only -~no,n ·_part'icle which:coan be. as-
.. "' !'.•.: ' 

. . I( . ·. . ) . . . . 

spoiated witp. -~ f ·_·is. the pho~on l·lJ, 141. 

. .. J. ·The, Dira9 algeb.ra in f;ospace·,_,defined by· the relat­

io11s 

{PJ ,°f 1< J•·;;.·aSjk Cj,_ ~- ~-1,z,3) .(7) 
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has two unequivalent. irreduc.ible ·representations: . . , . ·. . . . 

where t' · J ar~ the ,Pauli 2 ·x 2 -matrices. The isospin ~atL 
rices tJ. can be formed from the .f•s.in,the same· man.:.._ 

ner as t~e 6c~,x from the v • s(formula. :CJ)). T~~ _two· se~s .. 
. O . O . . · C 1 t . . . ' '..C 2 J 

. of ti·. arising in. both unequivalent cases ,of. fj :-and P{ .. 
are equivalen't and give the. unique (irreducible) representa­

. tion. _of the isospin.. i . We. shall.,. therefore, not use the 

super~cripts over ti • With our" special choice (8) we have . 

(9) 
1.n·both cases. 

Consider the matrix · 

(10) . 
Using (8) ·and (9) we get 

·c1J . l2J 

Uc .P 1 : = 1 , U(y J = ~ I 
( fJ . Ci! J 

But the. matrices U(f'J and ·u(f'J , be_ing multipla of tb.e . · 

. (11) · 

'unit .matrix, canIJ.ot be. cbariged '.bY any. unitary transformations 
• • , • '1. ' • . • 

and· so the values t·' 1 · of U( c;) ¢ha:racterize the tw.o unequiva­

lent representations of the algebra· (7) invariantly.~ ·. 

It is now obvious that according to our pr~g;amme we 

,• 
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have to associate the represe~ta.tio~ belonging to u(,) = 1 

with' the two: charge-doublets (N+' N~) and .(K+' K
0

) whereas 

the rep~esentation belonging t~ U( ,) = -1 with· ( S
O 

, :Z _ ) 

and with ( ~o = anti -K~, 3-e_ s · anti -K+). The c_harge­

·operator can then be written generally. in. the form 

. f . i,,, = t3,+ z u,p, .. (12) 

4. The ·Duffin-+Kemmer algebra in :1sospace, defined by the 
' -

relations. 

~j ~k ~e + ~e ~k ~j = _8jk h + cfek ~j 
(iJ) 

has four unequivalent irreducible 

we have the.trivial representation 

representations. Firstly 
(0) 

~J- = 0 , then tw~ repre­
-c,., . . UJ 

. senta·t1ons ~Y J x J .-matrices ~ j and ~ j which can be 

chosen as follows 

(1) f ' 

~.:: ff 
~
o - 1 o) co ~ o 

-1 . 0 1 '~{k,
1 

-. 1 
. 0 1 0 0 

' (2) (1) 

i 0) 
0 -1 , 

1 0 

m ,(1 
~3 = 0 

0 

0 0) 
0 0 
0 -1 

(14a) 

t =- ( { (14b) 

and :tini>.ll;r one ripresentation b;r 4 x 4 -matrices ·~ J Of the . 

form 

0 0 l. ~ 0 0-1) 
(0 0 0 ol . . . . . 

' 1 0000 I 1 0000 f. 0 0 0 1 (15) ~,= ff ( 0 0 0 1 ,k ff . 0 0 0 1 1 ~ J = 0 0 0 0 ~ 
0 10 0-1 0 0 1 0 0 

/, 
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The isospin matrices ei can be expressed in terms of the 

s's in the .same manner as <\aJ'l in terms of t~e · p •s (for-
. (0) · · 1 (OJ · , . . (o) · . . • 

mula (6)). With ~J· we _have of course 0J· ~- o and. 0 = O· • . 
' , (-I} <Z.J. 

The two sets_ of. e3 arising in the two cas~s of ~ j •· and !j · ~r~ · 

again equivalent and g1ve the unique (irreducible) r_epresenta.t-

. -ion of the isospin 1~ With the special.choice_ of (14a, ·b) we.· 
(0 ' ' . ' 

have 0j = ~ j _in both cases. In ·case of ~ j the 8 j are ,reducible 

and with'the special choice· of (15) take the form 
' . (1), . 

et (· t. o) . J. -=. ~ r o . (16) 

In each of the four representations the matrix" 

Ucp:: ; e j ~ j :: !_ (_ j e J {17) 

is again a multiplum of the unit matrix, .viz 
(o) (iJ CZ) , .. 

'"t I , 

u,t,=O, U<t)=--Uci,= 3 , u(~) ::0. 
(18) · 

. 
It is now clear that according to our programme we have 

to a~sociate the J + 1 hype:rons L+,Lo,L-il\ with the irreducib-

~ J'. le representation 
5 

, since only in this case it is pos-

sible to define the o_harge operator by the formula 

(19) 
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. -~Ct~rmaliy' identical with (12)) and so to maintain the same de-

.:tinition· of the charge in the whole family. of baryons. The. mat-
,,~,• I : . , . - . . . 

i;ices ~ J., find their ~se also· in constructing the Lagrangian 

of strong ·interactions where they produce the term responsible . . 

for the processes r: ... /\ + :rr. 
The arguments jus_t · mentioned cannot be used similarly in 

favour of the existence of. JT 1 and of the association o·f ~J · 
also with JT JT ·· JT · · JT' J) +) . 0 ,. - , • 

,,, . ' , . ' ------------------------------------------------------------' . . 

J/ Even if there would 
. Cf} Ct) 

exist only the triplet Jr+, JT0 , JT _ 

·), the same definition _of thf har-associated with Jj. '{or ~j 
ge could still b_e· used for the whole group of stronglys. The 

f (1J . . . I <i? . 
term. -u (or ~-u~ 

i ~ a. ·"· 
) namely would give no contribution 

to the pion charge and current inasmuch as JT _ is an antipar-

tiole of JT+. Indeed, the identification JT+ s anti- JT-, JT0 = ' . . - + 
anti- jr

0 
means an auxiliary condition for the pion wave function 

":Irr·. in virtue of.which \JJT~t.<- '-:1:,r ::- ~JTPf-'- Y'JT = O. 

(See e.g. ISi or 1151). 

-~-------.------..;.__ ______ ;._ _______ ~----------------.---.... -~-------
There are, however, other formal arguments in favour.of the oon-

. . 

jeoture· tb.a.·t ·bbth families of stronglys have the· same isobaric 
(I) (ie) I 

structure and_ that the repre.~~ntations f'J. , f j _and, ~ J- are 

chaJ:acteristic for the whole group (of stronglys). We shail meet . . 
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with <some of ~uch argume!}ts .below. 

<;fom · the ·remaining repres~n.tations. o~.; ~ j, . the. tr~vi_a~. 

one, (J· , can _be ·assoc'tated:·wi t_h the photon_ ·and the re:present~t-
w · CZ.) · . . . . 

ions - JJ and f J '!'it~: leptons~ In oas~ .o-, lep~ons· ~e ha!e · .. · · 

two possibilities: Either we ·can try to.associate the represen-
'. , , . (.,, ' . . - ; :· . . ,,.. ' ' . ' ' - ·, ... 

· tation -~j_~z., say, with._ 1:~e trip~e~ ( e.;. 
1 

}) := anti~_ V 
1
• e_ ) 

and then _ ! 1. with· ( f+ LL :: anti- fl,o u._. ). or' to ass:ocia·t~ 
<i>. 11 .. , ,ro .. 1r .· ce.r··. 
~ i with. the triplet ( f+ , 'v , e, _ ) arid then·-~ j )'i th . · 

( ~+ , anti- v , f-L·~ ) .. I 16 ,17 I. Note .that in the first 

case no change in the definition of the cha~ge operator 
.• . 

<t,·(~)= e3 + 1-U<O is ne~essar,r_ inasmuch ·as, e ·+ ( fi + ) is• an 

. antiparticle ·of e_ ( . fJ-- . ). ·s_ee also _footnote·)/ •. :i:n the_ 

. s~cond 9ase_ the charge opera:tor must ·be rede£ined for the_' le~· 

tons: 'l,(~) = e3 . See however Section V-for· another possibi­

lity •. 

In the next .two Sections we shall investigate m·ore thoroughly 

the gr~up of _strongly interc3.cti~gparticles.-'. 
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.·III. Algebra of stron~lys in isospace 

-Field ·of barzons arid field of .:mEisons 

. ·1. Accorf1.ng to. our assumption conc·erning the isobar1o 

· structure c,f·the group of stroriglys~ both the family of baryons 

and that. of mesoI"J.s 9:re associated in isospace·w~th t_tie·same' re-

ducible. set of matrices. w j (' j_ = I 
1
2,3) 

in.the forJD of the direct sum 

CH. 
P·, :o- o 

wj = 
J Ci> · \ 

(o P· o 
o OJ ( 

J 

which·can })e written 

·(20) 

·~e~ u_s try to oharac·ter~ze a_lgebraically the matrices wi,:· 
We remark,: first -of ail, that these ~atrices.fulfil the,follow­

ing relations:. 

-. ~ (wj wk .we- Sjk we·)=· o, ·c21) 

' [ wj , A kr= L.E,jke w'e I 
'(22) 

.l·. 

[Aj,.:;\k] =_L£jke Ae 
·. ,' ( (2.'.3).' 

~j ~k + )q< wj = wj_ Ak _ ... wk A J ~ Sjk_U .,. · · (24) 

. where.. ·r: denotes the ·suin over all s:i.x permutations of the 
p 
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~ndices J 
1 

_k,, e From (24) w~_get ·1mmediately. .. . .. ·, 

.. (24a.) D . 
r, ·~ 

' . ' 

·Let us _consider, conversely, the algebra defined·by the 

· .relations (21)· - (24). As we are interested only in such its . . . . \ 

representations. in which the ma trices: A j ·_ r; are algebraically_ _j 

· ·expressible in terms of the · w • s, we· nEred not co'nsider 
' ' . 

those_(pathologiqal) irreducible rep;t"esentations.Jn.!'~:1ch the 

A•s c:!,re irreducible and at the same time the . w•s. are._redu-

cible (zero matrices); All representations of the kind we 
' are_ i~terested in can be formed as direct s~mj of representations . . .. 

with irreducible w •.s. But it is p:ossible to show that the, .. 
only irreducible sets of 6J · which belon·g: to the. algebra de-

J 
fined by the .. relations (21) - (24) are the following: 

I I 
W· = ( 

J J 
-------------------------------------~---------------------

. 4/ 'lfhe proof is contained, ill the equations 

[ W · -U1 = 0 .. J ) j . I 

·. 3 u :: u ,. 
( \ G-) , ~k }- z Jj k) . U = OJ . _ 

-,~wj 'fkwe + we wkwj ~Jjk we -Jek 4Jj)(1- U2.) = O ._ 
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which_, l>'eside$;~ many others, can b~ deduced_ purely algebra~ 

10-~{1§~,from ·'(2i) -:- (24). The d·eduction. of:=these e~uat1ons -
,• ,, ~t~ . . ~ . . . ' . ' 

and a· more .det·a1led ·investigation-o+ 'the· .properties of- the 
.. - ., ' .. 

a~gebra ',ril:l be·· giv~n in.~ separate piper by ·one. of the ·au- ' 

. t~ors (M.L.) .' 
. ' ' . ' -~~-~---------------------------~------~-------~~------

To char~ct~rize formally 'the' peculiar. oom'po~ition o;t · ,. 
' , ·---.- ~ . . 

o~r.reducible set of the 
.· ., . 

w -matrices (20), we must (state 
..:. •• ' ,·. ,. - • ~. .I • • • • .... • - • 

~ome more conditions which ar:~ .~atisfied 'only by. these._ w~·-
. • - ~ . . - 1 , .: . , . - •. . . . 

matrices as ~·whole (not by·all tlieir irreducible parts- fn ... 
. . .' ' ' . ' . ' . 

_d1v1dua.1Iy). in this re.spect ·we can mention that :for ·our '(.J:... 
ma.tr:Lc~i-·(26) th•t-e·,,exis·~ ~,\1~i.ta;y and §l:IDmetricaL matrix 
. .,., · .. ', ' .. 

· .-fr with the p:ro.perty',. -~ 
. .. . ,T ,,_ . . . . ·. 

g·wj = wJ Q. (25)_ . 

; Using: (22) -~ (25) it is_ then possible to see that Q. 

fulfils 'a.lso·"the rela.tions 
,. . . ' ' •.• ~· "'I -. 

.Q;\1:=-.:\·.Q .QVT=~VQ, 1 ' (26a,b) 
J J ,. ' .•· - . , .. ' , .·. . .· . . . . . 

With our special representa.tion·(a), (15) antj. (20) the mat-
' )rix · ..Q . takes, ~he fo_x:m· .. 

.Q= 

,0 

1,'Ci?, 

0 

--i/tz. 

0 

·O 

() 

0 . "' 
. . . I . ,l . 
c1- z e )( ,tz. ~ 1) (27) 

l_______ -•-----
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if two arbitrary phase eonst°ants a.re fixed· conveniently. 

We can see that the. existen9e_ of t.52. ·requires that in 
. f.l) 

the direct sum of irreducible ~·• 's .th_ e · m'.1tric_es . · {,()_J.. and 
-l.Z) 
lv. occur in pairs (if -they should. o'ccur at all) • Yet· a 

J . -~ . 
possible presence of. (,()j _cannot ~-~ exclud~d thereby. However,. 

:for our Cf.I -mat;ices (20) ·there exists. furtlier a' unitary . 

. and hermitian matrix R :~ich :fulfils the relatio~. 

where 

l R., u2.J ~,~, 

[R, 't] = o 

.Q. Rr ;a ~R.·.fl-

It is easily. :found that such an·· f<.. 

(28) 

(29) . 

. ·(30) 

(31) 

{OJ 

can exist on_ ly· if (,,). · ' J .· 
· · · I . . · UJ. 

~d if to each . "J· .·. a pai~ . tvi 1 
does not occur in w. 

<2.) . . II 
w .- ·is present ·(and - J . , conversely). If a.gai.n'two arbitrary 

phase constants are chosen conveniently; the matrix 

belonging to our 

the form 

W ·-matrices (20)· ca~ b~ written in 

. OheJJ.1111emmt! ;;;1:,wr,7 
liJ).epluJX 1:iC,)ICAOlla'1rn'i 

6M5JlW::)TEHA 
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0 0 : 0 

o """'· t· .. o 
.. (o . ,.,.:+). , . R = .... " . . 1. = 
. '! 0 . 

. . l 

. ii' .. ·: w: 
·O o · 0 

O'. :.h- --1._ . u {i 0 -r (:32) 

There exist finally two sets of unit~y and hermitian . 

ma.trices 

per,ties 

Y·· . a and. 1..j (reflection operators) with \the pro- , 

-~wk =(Z<ljk-f)_wk~ ~ ·~ . 
(no summation) .. (JJa, b) 

_ · zj wk= c 1 ~ "sik·)_uJk lj , 
. . T· • . · <. T 

· S2Y·=Y·Q Ql-=1.•Q.· 
. ·. _ · · .· 1 i I . . .· J· J· ·· 

(J4a,b) 

From _(22):..(25) a~d (jJa, b) t~en 

YfA1<_-=(Z ~jk -1) Al< Y} (no summation) · ·(J5a,b) . 
-Z/A k = < z Jjk -1) Ai< l j · 

·, 

and 

[.~,U]=O, .{1.j;u}'=o. . _ (J6a,b) 

. In our _special represent'ation these matrices can .be· expressed· 
. . - . ·. ~ 

in ~he · form (no summ_ation) · 

. . . . . . 
. . Y - 0 . . . C.. -= 

• I 1 . 

0 ,..;. i .'I"" •• • O . . ... \, l,J 
Lt· . J 0 0 

J 

-'tr o 

0 .· ec;j 
0 0 

-o,·/· '·;·· . ,.· .... 

,z. .· . ·. 0 
e~ ·"'"I · · . \ o 
' J . 

. O . ( 1-. z, e')O~ i~.z. - 1) )'. {J7) .. · . 5J: . ·' 
. . . 

,; 
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Notice that, 
(-) Y = n iJT'l_, 3 IGf .• 

so that from_(29) 

, ~ . . . 

All the matrices f) y --:z and · R'. will_· prove 
..!JC: ' j .. ,. i-j 

useful in the theory of the baryon-field. and meson-field,·. 

the matrix .R (spurion-matrix) especially: for formulating·. 
~ < , -~' . . 

the laws of we~k interactions between baryons and.mesons._ Be­

·fore passing on to these points let us: just remark that Lthe 1 

• 
matrices (belonging to the c.J -matrices (20)) "'aan . . 

be expressed in the form 

t· 0 0 ' ) 
J (.38) 0 t· 0 J I 

0 0 8~ 
; J '(.38a) 

2. Now, we can introduce a unified b~on-field 'f_ {.x,) 
. . \ . 

and meson-field) '::f (-X) , ea.?h with eight _components in iso-. 

space (and four __ or five components 1n spac~-time_ respectiively) ~ 

· The wave fiutct_ipn~ -
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Y. . Y,-: . . ' 't',.:. y . y .ly 't' 
. N + l N,o ) Y2 l . .::., _ ) E i" ) r O ) E - ) /\ 

. ·, . o.. ' 
.~. 

(39a): 

· and 
r:..-

. . '::J. .IJ.· .':f .··'J .':f ':f. ':f' 'JI 
. · . I<+ ) , I( o I Je O l )e - I JT + ) JTo l . JT "'.". I JT 

(3.9b), 

are· to be defined. a~ simultaneous ·eigenfuctions of 'the 

mutually. commuting operators. u,. /I 
. ; . . ,, ·•. ' 1 .· . 

and · A 3 ( or i -= A/+;. 1: t[) .: · · ,,. ' - . . . . ·'.\ : . . . . .. ) . . . . ' . 

These thJ,"ee:=- operators form a complete set an.d are alL dia-:-
) . . . '• ,\ 

gonal in our. special repr~sentatiQn g1ven by (20), (8) and~-

(,15) •. Const!que~tly, in thi!:3 representati9n, each of the ei..:. 
,,, ·. . , . ' ' . 

genf'.uot1on.s (:39a,b) has onlY one nonzero isooomponent, e.g. 
•• ·. ,. ;.. . J • '\ • 

"rN+ ::and -~k~ only_ the first one,· YNo. and ':fl<o only the 

~·eoond O~Bl e\o. ~he generar: .Y(.X. , .. · and lj (.X: ). can then be .. · 

written a~. :folloY{s: 

T _ ·( T . ::T. ,.._,,T ,......., T . 'I" . T T · T) · 
~ ,Y = N +. 1 ~ o , ~ 0 1 ~ - l [: + , L o_ , L - 1 /\ , 

LDT -( T' T .· T T T .. T T • . IT),. . 
J .:= Ck+),(ko),(Jeo),(Je_),(Jf+){(Jfo)

1
(JL) ,(JlJ_ ,· 

(40a) · · 

(40b) 

T~h~ symbors · N~ :
1 

· • • • .'. ,or {K+)J • • • denote· the usual · 

rii;"ac · or Duffin-Ke~~er wave fu~otions_~ The simpler l3ymbols 
~ , . . ' . 

' . . . ' i ' ,• ,· ( : , ' C 

K+, ••• are not<used_ in (40b) _(ins~ead of (K+), •• ~- ). since 

they are r·e~erved for other. pti:rpo_se '(s'ee. ( 47a}' below)~·, 

--
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We shall make the· ·most natural assumption t.hat the -. 
• , •• ~ ,, • •.• -- • e • '•• •,. • • - ~ • 

mass o,f ~he free baryonXmeson) ,is the· sam~, viz:· M '(m}, 
. ~- .. ,. . :. . . ,, . ~- .,,. . ~- . ~. : . · .... 

in all £ts ~isobaric states ~nd that the obser:ved splitting . . . . . . . 

of· mas~-values •ill the baryon"'.'"famiiy a~ ·we_ii -as in the:: meson~ 
' . --- 0 ' , , .·' ... I,~, . . ·.·:, • . ') ,·, l .· • . : . . . • • .. ·.: • / .•.. 

family arif38S from strong and electromagnetic· interact.ions .. <~ 
~' . ' " . ._ .-. ~ . . . . ' 

The· free fields y and lj' . then fulfil the wave. ;quat}~nif 
" 

. (2) and (5) ~,espectively) ,(with . ~-t-4 ~ r~ ). and. the co_mlJ!U~S..~-
. . \ . . . 

tion relations · . 
' . 

{ · ... ,. , ·_ ( .,L)··} 6af, ('t'J · · .. I ·. 
LJ1,;X' ,, yp ...... '· = ~ 5 . (JC,:--JC ). 

. , aoe O r.\ . .· • l, ex A . J 
/" f" C (41:o/ . ,,.1 .·. 

[!Y,faJ, y;&~..:'J J !C Jr.& s;;tCX ~ :t,'r. (42) 

where 9- =- lf' + V· · ~- ~ ·y "t: ( z. R i -:-1) and -· · · · · o 4 ·, . r 't . . . · 

• 

(43} 
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The indfc'e~·;:; · a:',b ··= 1, · ••• , 8 •· The ind.ices· c1. . /3. = 1, ••• , 4 
. . ) 

. or 1, • )~, 5. ·we· have also { y~(~\'t'i;xj}=o 
1 

['-ra.CfJ,\f ~~u4J~o, 
. "" -:- ' . - ~ ' . : 

bti.t :[%,~&Jt); >'lkl,,,c,';J·i iJ · because of th·e aux11·iary condition 

· ... (46). · Fro~ :(42) ·and (46) · we ob·tain namely 

Iu~>, ts;r,,:~J =t Q,i# '(,1'7J.-.x~ PJ/j 
lrit~odtice new ;·field functions 

'lJ(_o.} '' n c-T U)(o.)_.:::., QB·:.:... T, 
, T .. -::: ~c:: ¼) '::J - . . ·'-:f 

' .\ ' ) . ; ' ' 

<{44) 

(· 

·.and· 
. . - . 

4'(C) -i_ w(a.) '-:J'(C) '.1 .. ··· (a.) 

•·. :"'. . = CZ, T ' · J ·. _·• . -=:=,· L Z, 'f ~ (4~) 

where, C and B are the well ·known unitary matrices·w:1.th the 
--t .. i .. c T . c ·-cT c· . T ,. . proper es · , v =- - v . =- · ·• B ~ .· = -A .B 6 = 6 . Of-" . Of-': > ' ·. ,p- t'P-, J 

These functions ful:fil the same equations_ ,(2), . (41), · (5) ,- (42) 

as Y and · lj • Further, .if the electric current :four-vec-

tors are: a·e:rined by the u_sual formulas 
. ' ~ ( )-· . - ' ' ·'(\:!) . . . -. 

. J f't' ·-== tQ.: 't' 0 }-'- i 4':, J. J f-'- = Le : ':f-~~ i· '1 : 
. ' . ' , . ( . -·· ' 

where : ...... : _ .. denotes .. the normal product, . we; easily find-' 

that the .~ubstitutio.ns 't' ~ y _(a.) 'f- lf Ca.) l~~ve. th~ . · ''S 's . 
' ' ' . ' , . . ' 

. unchanged; where~s 41--- ~(c: 'f ~ lf (c) change ,th~~r signs., Fr.om · 
. . . . . ' ' 

(27) -and (J7) we see that in o~ special representation -.1.z_ g ~ 1 .· 
~-. 
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(C.) C ..;. T (C,), -T .. . (C) (C) . • . . 
so that y ::: ltl 

I 
lj =Blf. Clearly Y and .'-j are•_the 

',,,' 

charge--conjugate fields of y . and · ':f 

,Th~ physical identity_
1

of Je 2 with an_ti- K~,,-~f JTt,o . 
with anti--JT; -0 and of JT with.anti..;,· JT 1 . .· can be exp!essed 

. .. ) . 

by impo·~_ing o·n 41 the subsidiary condition .. 

lj' (0.) :: ; ~ (46) 
1 '·(4.J)' 

fac'tor '2 in the above formula for "j ~ .. · 

and similar -(quadratic)' quantities. 

We shall assume, ~s usual, th.a,t all isocomponents o~ --~ · 

t:rans:f'orril in _tlie same way in spac~-time •. Similar assumptio~ · · 
. ·, 

~ill be made as concerns the isocomponents of -~ .. · •. This means 

that we· shall ·suppose that'the (iso) components of 

,.J.,.·. f. + .· 
'+' = y{rn. '1,:.. ·pp- :r 

· (47) 

. ··' . :.--~.-~---------~-~-------9':'--~---.--~-~-------------:-~--~-~~-~- ·, 
5/ These (simplest). assumptions are not necessary .:f'or 

the appl!°cability o:f' our formalism., Generally, the operators · 

~f ordinary-space re:f'lections of ~ .. or 1 ~ could. contain 
. I t • , , f , / • • . , • . • • r . . \ .· 

various isoinvariant .factors,· different _from unity, like e .g·. ·• 
·. (2 v· .j?,.;. ·.1)· . ··c· ·1. ·2· 1 ... u2) ·. . 

· · · - . · or ~ I\ +. . • 
I • • --------~-----------~--~-------~-------------~-----------

In v:1.rtue. of (5) and (42) cp satisfies the equations 
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' ( a,... a,.....: rnL) cp ~ 0 
1 

Ut:>,, (i.) 
1 
4>f ( :'< ') J; L Jab ii (m j /_ -<') :· 

In our :represent·ation (20)· the components: of c/i · will be d'e­

noted as 
. . . . I 

I<+,· 1< 0 , )e 0 , Je'.., 1T+i JT_; JTJ ·:Jr· . • 

(4'7ca) 

Only· the .·quantity: cp· .· (not · ':f. , ) will oc.cur directly 1~ the. 

. Lagran~la'n ·of. strong an.d weak interactions.· The· condition (46) 

yi~~d~. c:p'f'= .Qcp:T:: cp which means. ·the· following conditions 

for ·the. components (.47a):_ 

···*· . . 
JT+ 0 =:JT- 0 

-J . °!"I 
'•' ~ ", ~ 

J. 

~· ,., 
J1•·'=JT, 

~7(t){~}k(-~ ~x~:r~ ltLk* ._ 

' ' ' 

(46a) 

we· introduce :t'ur:ther· the H~rrisch-Chandraoperators~in isospace 

•,.;. by the de:fining relations ·. . . · , . 

·wjuJkGe=Ljdld 1 ,LJLk=Jjk, L:j ..Q =_,LJ . , (~s} 

By' these, 'relations the . Lj ,: are d'etermined exc-ept for a sign. 

which: is ohosen:·o~nveniently· in the following.' ·nenoting. 
C 

+ ''' + . 
. , L. j cp, ~ JT i ,. Lr J Y 7:. -.~ J'" , (,. L (49) _ 

we then.£ind that' 

1 · · · . - L . - . 
JI;= \fr (JT+ + JL) i J7i= '1z' (Jr-t-.:.. JT_), Jf3.:: Jf o 
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and similarly for -•· We fi~d alsq that 

. 1 + · · I . T · +- .•. • . . , 

3 L j w j cp = JT > , :r-Lj w J y = A , , (50) 
. '• * . . . 
Fin~lly ;we see tha~t _ JTJ. = JTJ, --Jr'~,~ J'. . from (46a)._ 

The· operators Lj , fulfil (bes~~es t~e -~etining "relations· 

(48)) a series _:of. other useful relations which are _collected 
' ' ' . ' . . ' . . . . 

. - \ ."'\ ·. •. . -,_ 

in the. Apptmdix togeth~r with the a.~pve used properties: of. 

the original Harrish~Chandra · ~pe:rators ·. 'l,-... 

· .... 
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IV.. Stron~ and weak interactions-. 
. . . . . , . 

. . 

o:f barzons with mesons 

,. ·, 

1. Consider the following. eight expressions.cif'the·Yuka.:. 

wa type: 

al=; ~ L'ts~ .'-fl}! : ; . l!,1· = : . 'f L 'rs 3_. 't'E:, ; > 

. . I - • . /. 

· a 1 = : ~ L ts· lt'_ JT :i · 
(Ji -. lJ I 
0 1 = : '11 ~ os 1: 't' JT: , 

·a,==:yi.v5 wcpr:: . gJ =:~Lv
5
-A cpr.: ,. ""' a~ ....._,,.... . """""" . , .. .... -0 ~ ~ . """""""' 

·(51) 

a;=; Y_~ts¢/\: . ~'. g~ ~ :· 9L as ~ cp_1L: 

., . -, . 

With our assumptions concerntng the"transformati:on properties . .. 

of ·Y and lj?' - , all 'these eigh~ expre~sions (51) ar~: in--
variant under-.. proper Lorentz . transformations arid. ordinary 

sp~ce xeflection 
('° 

y.-~ I\¼'·. rh :.__ - rh_ • 

~ .. ~•· _:-(P) 

Unde/ the cha.rge co.nJugation 

-y~yt.)=l. QC'f'T _cp_JcJ~.1. Qcp+T 
. l r > , . z. . (C) 

they ·go over int_o their hermitian c onjuga.tes; · In~smuoh as . '" . •, ',,, - . 

the quantities.-,. a 1 , b:i_', ai, b'i ·are already hermitian;: they 
. .,· .· . . . :· . ( ·.· ;·· . . . ' 

are invar.ia.nt under (C). _All_ ~~e eight expressions (51) 

_.are further invariant under· rotations _and . Y _.;...reflections 
. .. . . ... _.: .. . ; 

in isqspaoe (see Appendix (A·i6,17)). Tlle four a•s are 
,. . . . , •· ·,.· _, ('· 
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also ~,nvariant under the._ z~;C"ef_lec.tions .(A: 18) in isospac_e 

whereas'.the :four;b•s'are ·1n ~~is ,Qase pseudoinvariant\{chan-. .. ,, '. , 

ge their signs). 
1 

From _the point of view-of our formalism the quantities 

(51) must._p_e considered'_1:3.s th_e s1mpt·est :i.nvar~iants. and: isQ--

:1nvariants, qua4rat_ical :in -'t' - and lin_eaI'_ in .q:> :. We _the""". 

refore expect that the Lagrangian of strong interactions w~-11 

be a certain linear -(mo~e o:r less- symmetrtcai) combinat_t-~n of·· 

just· these quantiti~s' (plus· its: hermitian ·conjugate);··. ' 

For ·. s impl ic.i ty as w e.11· -~s physical reas,ons we, assume .· tha. t_ · 
•.· r.. .· .• , ~ '.· .. ·· . ·, . '."'' . . ·.' . . . 

there. is only one "stro_ng11 couplihg,<constant, i.e. that the:· 

coefficients with which the qu~ntiti~s (51).enter.the La.gran~ 
. . ,·, . '••. ' ' . . ' .· . . .. 

gia.n can be. only :t. G or o. It. is, howev13r,- easy ·to show-. 

· that we can assign zero coefficients neither ·.to all- :a·•s-:·nor .. 
. 

to all_.b•s. This _can be se_en as follows: The_ most.general self.;. 
,·' 

mass operator. of the_ baryon which Ct:l.n arise from any; ~barge~. 

inde_pendent interaction ·o'f the _baryon fie;td y -- :l!i~h -the _me-
/ 

son fi~ld 'j' has, independently of any pe:rtur,b~~io11 :theory, 

obviously the· form 
. . . I . 

·. _ 6M-= M00 ~ M1o A + M01 V :t" Moz.Ui?-. 

If ·.all _the -a•_s (or all th_e b • s} were absent from o~ Lagr~ngian, · 

tt would .. ?e-: inv:_a~iant ·.(~~ ;<th_ange only _its ~ign) , under., the 

. --
11 r~flE:ct1·~n~" y--}r1~y ':J',.~, ?J'i . Then, _of, -Ce>urse ,· tlle _equ_a~ 

· ·iiori · · · · · ··. · 

. Z~J'MZ· ·- JM ·(no, summation) . J.. ··1- . . . . . 
would be valid for th;e corresponding s~lf-mjjl,ss operator _·and 

· therefore the ter~ linear in. U (which ant1d(ommutes with ip 
~ i 
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·wop.id be ~bs~nt ,.fro~ ' J Iv'.. This I term; '.hQwe~~r' expresses 
. \.1- ,· • ,· • • ,. . 

t~e ma~~~~iffer~'iioe !>!J~~e~n ~ .. and S>. which
1

-1s just the ' 
. . . : . ~ 

.:· • ·.- ·, • . ' J "\ _. .• ,.,..-:.._____~ ·--.· . 

,l~rg·est.in ,,t;he baryo~ fa~11,. Thus neitner,tlie-a•·s nor the· 
•·I:•,/ ·• '- • • ' • . 

• • J ••• , . . 

b'scanbe"dispended completely. -, ' 

A· 0 onvenient ~agr~ngian o! strong:<:1-nteraction's seem·s 
.. • .,, . . . . c.:..-----· •. --··· . .,. 

:_to· -be the· following rather symmetric-al comb1n·ation of :the 1.n;.. 

v~ri~~-ts ~c,1):61 . ,(, 

--~-'-cl'~!: G[.(~> 51 + a;- &;f~(~i~ f,i + a~~~E>;>] fh.' c. = 

. . · ~ G{.;;(;
5
[~ (~ - i>. + JT{ 1-Jf h-

,, ,' · , , , ' , -· · (52) ~ 

.)J ::-~Ltsf~<~-4")+1\_( 1:fJJcpJ+h:c. "' 
~-~------~~~---------------~-~-~~---~~-~------------~--~~-- \ , .'. · 6/ Ano'tli~r· P?SSible special :t;c.,rm of the Lagrangian' £... -n 
ia . considered in the ,Appendix. . 

. ., . 
\... .. 

',: 

-----.~----~,~~--.:.-----_:-~------------------:--~---------;.;. __ ...; __ --: -·., 
T'ii-1s .Lagrangian leads -t·o 'the followiiig. expressions for 

, . , ,, . . . r ,. , .. 

· the ··second -~order self-mass" oper'ators (whi~h ·can: .be comput·ea::. .· "" . .. ' . ,., ,. . .. ,. 

,,, ' . . .. "' 'f' . ' 

e,asily-- using the formul~s:. ooi1~·oted :in the 'Appe'ridix): 

6'Mci, = M-C5 + 3 Z.A ~ eou +,}t uz., 
1

.: 

'J'rn<~J=in< Z..0.+32 i ~/Z6 ti')_,, 
, .-✓• •_r-

· (53a,b} __ 

• ..; . . ·,• -- -~ .. - . -~ -'":'":_j - .,' . ·, 1 • 

T~~. -t~c_tors ·,a·· and m ._· are tlle usual second order self~ma.sse:;s _ 

of· a DiraQ;.parti~le and a· pseudosoalar .. neutral,part•10:~~··111-· 

pseud1os-cala;r int~r-aoti(?D• Asweil·'kriown: 11a, l9J Jl°:1s-p~~itiv~ 
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(logarithmically divergent without: cut~of-f'). whereas: -~- is-.·· 

.. negative ( qua_,dratically dfvergent. wi thoUt c·ut-off) •. Thu,s,.-_ in- . 

. ~ert1ng Jnto (5Ja,b) the appropriate ~igenvalues. of A · .-and 
0 . • • • • - -

U we obta·1n the follbwing second order ma.s.s-~pecFra of 

baryons and mesons: 

=M+ SFi 
=M+37 M· 
=M +45M 

d 
J 

:,~+JM(Z.J = 

for N an_d /\ 

for . r: 
) / 

m + J'rn(i?,J~. 
., = n;.:~ofrn ff or ·K, 

:. - ·. / 
=m- zo/m 1-~;or·. Jf:f 

=m-si1m·1. for- JT. -

The d_egenration of' the N-::- :cil,nd ./\·-mass level .:..1~ obvious-. 

ly an accidental feature of .tlie seco~d order perturbation cal-
.,, ' . . ( . . ~ ' - . "-

o ulation .. Of .o.our.se,-, .also the other :(rather· !avo~able) f~atu-: 
''. . 

res of these mass-spectra could be _more or l~~s aceid~,mtal .in. 

·-the'----s~
0

me sense~.- Nevertheless v,e see that a Lagrangian which is 
-, ( . . 

, a very simple· and· very symmetrical combination of the· inv,ar_i~ 

-ants (51) can in principle cause the distinctly un.symmetrical 

'distribution of the experimental mass values in tlie b-aryon and 

meso'n family. · 

Especially it does not seem impossible that the'actual 

mass of JT' is greater than the sum of tnEf masses ~f JT+ J JI_ 

and JT0 · In this case JT' ._ .could never be ·observed because it 

would decay _practically 1ils~antaneously into JT-t- + .1r_ + JT,d 'rhere 

·.'would.be no trouble with "too· much gammasit even if the mass 
r 
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of · JT' would be greater than the mass of J JT0 . , since 

-H, canno.t decay into JJr0 because. in thisi:_·state .I # O. 

Notice·tha.t using the formulas (A 7, a, 9) we can immedi..__ 
. u,(,j) . . . . . 

ately write down cA. _ in the customary notation as foll,ows: 

(~, . l f - JJ, . J (- . - ·- - -
~ =LG ;: (#'(s'S:,JV}!!,. -:- y 2 (s'E. ~)E + 2i.(f. r.,.·" f ):!! + 

- i - - ·1 3· :;:; - ,-, I -
+ ?- (N K's #) Ji + T ( CJ ts a::.) JT -

. --<l (Nts·k)/\ ~ f (2 rSL 'tzl<*)~ -

~ 1 (Nr/£1<)1 +: (~ tsE Lt!Lle) J;} + h. C • (52a) 

We see ·that neither the usual term (AL(sf. )[I nor the possible 

t~r~s (AL v ·;,t) Ji- 1 ~nd (i: L v I:. )Ji' are contained in (52a); 
OS" ,_ os ,.,... 

becatise the c·ontriouti~ris t·~ these terms coming from various · 

_ a-invariants just caricel each other~ However the presence .of . ' . . . 

these terms in the Lagrangian (i.e. as primary interactions) 

is not necessary because the~i>rocesses L ~A+JT A:::;.!:A+JT1 
. ) . ) 

2::::::: ~ + JT-' result,~from collloin~tions .of the remaining. 

pr!mary interact.ions like e.g. L ~·A/+ anti'.'""K ·-::: JT + )I.., 

·ariti-K-::: JT+#A , etc. p 

2. To construct the Lagrangian- ~(wJ of weak· interac­

- --t-ions _be_t\!..~~~ _ll~_!'.YOI!_S_ and~ 'meso__n_s_we _1ntr_o __ duc_e· .first of al.l._. 

the quantities 
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\ 

' 

which are identical with the likewise;: de~oted quantities of 

· · . d' Espagnat, Prentki and sa:1ani (5}~ 
W (W 

secondly:we define the eight quantities a 1 ,- ••• ,. &z_' 
simply by replacing in the eight expressions (51) the.quanti­

ties JT JT' L .. and, A by K, . Kc·s•)'' B ·' and, Be's) resp·ectively • 
. , .- ) J __, _,. • I ,..... 

Finailr · we construct the Lagrangian, -~ cWJ . by r~plaoing in_ 
(~) ' ' ' ., '. . . 

i:.ne -Lagrangian ~ .. , the quantities ·, a1, .· ... , b2- by_· the • :: :_ · 
·· . · w w (w) new qu~ntitie~ a

1
, ••• , b~ · (and G by g·),, so that L .. , 

becomes 
. \ . . 

(WI [ ' ,''f' 'p 'vJ ,.,, (1_ l'w. • W' w ,w; '""t ,., ·: .· 
~· . = ~ (Q.1 -t,1 + a1 - ~1 )-(az.- ~,+ -°:i. -f,t >1 + ri. e~ =~ ·· 

... , . ·. ·• . u-:,·.,· . 

=·1{ lf L rs[ Ji(~~ l) +J< (5} ( 1 - y ~:Y ~ ' 
-?~KA§:c~ -~)~Bcs,q-Jf)] cp}+ h. C: •. 

• '! ,, "--. . .' .<). 

(55.) . 
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Let us :now see what 'are ti1e formal<:propertie~ -of thi.s ;;eiw~ 
·. · . . w ,w · · .· (w). . 

The new ~xpr~ssions a 1 , ••• , b2 and therefoJ?e L · too are, 

of course, a.gain invariant under proper Lorentz transfornia tions·. 
' .. ' . 

and under tlie_ space refl·ection· (P). However they a;re .no 'more 

i::,oi,nvariant because K and. B are no iso(pseudq) vectors 
l'\,NI '""""'"""' . 

and K(s) and B(s) are no isoscalars. ~.evertheless, in ,virtue 

of (J6c) .. t~e qJ~ntities ai, ••• · r·emain -i~v~iarit at least 

under the reflection y- "3 y, cp-- )'.3' cp • This means that we 

have aut.omatically~:thE"? charge conservation: in weak- interactions .• 

We shall ·se·e lielow that the-add1tionai. o·perator ... R :. in· f'~o;nt: 

ot cp and · y .. ~:n .. (54) plays a role similar to a ·charge con_. 

serving" spurion with >isobaric; spin ½• 
Now: let:'US consider. the charge conjugation. Using the· va_. 

. , - ~-. . 
rious formulas col-lected .in the text and in the Appendix (sse ·· 

' : .• ' 

especially (-JO), (A5b) and (A6a·, b) }, we f:i.nd_ that all the_. eight 

expressions , ,'a.i, . ~., -b2 w go over into th,eir _hermitian ·conju- -

gates so _that '£ cwJ is invaria~t _under (C}. Notice' howeve~ that_ 

the co.mponents of 1£. ,.are pseudohermit~an wl_ler~a~ · K(s) _is her­

mitian so that also the quarititi~s a~, b~--- ~re pseudoher~ . ' . 
. . " w . . . - . 

mitian whereas ai, .. bi a~e b.ei:miti~n. Thu_~, effecti:vely, 

the. terms ~i, bi'. are ab~~nt t~'om .. L(w} :b'ecati~e- they. just 

cancel with their herrn:ttian conjugates. 

As ·w-ell known, the La;grangian tCw) need not be invariant 

CL 

..... 



·under (ce9. In such a"casewe expect that it will'be,1nvar1aiit 

at least under (P.C). It is, easy. to construct ~uch ~arity. :.. ·_ . 

non~conserving, (but "combined "pa~:t:ti" _c~nserying) terms t~ _ 

· be added to the Lagrarig1an (66). \Ve see that under (C) the_, 

quan,tities ia!,' etc. go over into minus hermitian conjuga;... 

tea. so·.that the hermitian e~press:1'._ons _(1~!-+ h.c.),_ e,tc. _-, 

, are ps·eudoinvariant. nnder (C) .- They are,_ of ·course, still 

invariant under (P) and_ thus'.pseudoinvari~nt und~r (P_,qt~ 
·Therefore we must further repl'a.ce_ ifs-_ by. 1 to obtain.her­

mitian- expressions (io<~ -- _ + 11.c ~,), h., (;~ ~w + :-h.o .) ; · --

- ' invariant under (P.C). (N~t16e that. ~~- this case. (1 c<;w -~ h.c.) 

= · o·.) F!~m th_e· quantities :iq(t: f e
1
tc. -an _expression L,(w) · 

, like (55) can ·be ~onstructed~ As· we ar~ not,:about to consid~~•-
_ . ._,_~ .' ,".·: -·: 

in.this pape~ the nonconservation·of p~ri~y in weak-baryon-me-

son interactions (but)only 'the possible isobaric-structure 
(. . -- ' . ~ . ' 

of the Lagrangian) we shall b·orn ourselves to the Lagrangian · 

(55) which· is'.·'invaria.nt :under: b~th-.(P) and;(C) separate~y • . i 
.--~ We s~ll not cons_:tder in detail the physi_cal. consequ;.;. 

enc es of·. ~he 'Lagrangian· (55). but shall ·be' satisfied_· by' 'a.how- ·: 
I .. • : ' .. .-·· . • • •. ' f . •. 1 ', 

'irig that it ·contains ~.he sel~ction· rulesJ~Ul=1,l~::.z: 1 X~~3J=i 
for the decay. of·hyperons. Using ~he-,:f'~~mulas .(A7,,8,9) we. 
can imm~diately i~ite down 3 if«) in_ 't·he customari .ncit~tion. 
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., •as follows: 

. ~(W) =·t'~:J(f 15 f)k'cs) +(Ar; A) Wes>+ 
. . . . 

+ ~ (Nr5N)W,s, +.~(~ts S)W(S) 

· -"-- I 'Rt !i T< > a cs 1 ·-:- : ( 2 rs t t:, 11*) s, s, -

· f ( ii · t A B . 3 ( ..=. '1"' • II*) B -- NV 't") +- ..:,.V "'t,'t ~ -· ~ · 05'-- .- ;?. . os....... . Z. _,. 

-( A is~ )g + i.<t (s x~ )1! :-(t Ys 6cs,) E:. 

~(~is.§YJT'-(AtsB<s)J.7(}:.. h;c. 
(55a) 

The terms,which contain ![ can ·be arranged as· follows: 

· i"d {~ f + ts<,J./+JTo+ {z: )Jo JT+)~ if. i: 0 05 (-Jl >l+Jr- - N0 ~ 0 )- · 

... . "' . . . 

1 . ...,; . ·_ . ,...., . - .r::,..... . ,-.., 
~ _ W Lo ( f ( 3 0 JT o -~ .JE ..:., - Jr+) -:- !:. :.. ts ( ~ 'l ...:., o JT ~. ~ r.? - JT o ) - . 

-, ~ iiy/JiEoJro + ~ S - JT + ):- -k /I '(s (..fl-)J+ jr_ - .A/0 310 )}+ h. C. 

- . . . 

This expression is just of the same f.orm ·a:s the Lagrangian 

or' weak interactions ·between baryons andpions·considered re­

cently by Ning Hu 120,. We see that the s'tate~ of .the decay 

prod~cts, into wh:t,ch the particleS·i+,L~,·~.- and l\ can 

Q,, 

·, 
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decay (at least.virtually) by our primary weak interactions, 

have all,I =:=-½ _and r3 =½,:± ½, -}. apd :t.½,r_espective~Y.•·"­

No term is- present among our primary weak interacti·ons- which .. -

woul~ caus~ th~ decay-L_--N0 +JL('flith I= j,.r3 =:.~.i in 

final state). The contr~butions,to such a _term just cancel 

each other in our Lagrangian. As shown by .Ning Hu, this is 

not a defect s~nce·the deca;r of L- can-be·accounted for 

by cooperation of the strong ·and_· weak primary .interac1;ions. which 

are already.present in o~_Lagrangians ~(w)_and LC~), for 

instance. 
. '' 

t: _ -- _ L O + JT _ -- -!'f + + JT - -+ JT - --- JJ o _+ Jl_ . 

. To obtain the expression _(55) w~ assume·d that all terms· 

of-\the. ''strongll Lagrangian L(s) have -their. counterparts. i~ 

L(w). If: we. ab:andon.: t~is conjecture and _assllffie ·instead. that 

· e.g. the terms with K(s)and _B(s) are not ef_feotive in weak . , 

interaotions,we obtain much simpler Lagr1:3-ngian of w~ak in-

teractions in which the _term (1 d /-[°2 )f:._t
5
N0 :rr_ is present~ 

The, terms in.the first-four rows in (55a) lead to the -. , . . . . 

decay. of K-~es_<>ns into pions via· barron-antibaryon _ pairs and 

strong -pion-baryon interactions. Note that in our formalis_m, 

• in contradis_tinction to the scheme of weak interactions pro­

posed by.d'Espagnat, Prentki and Salam f51,.we obtain also 

weak interactions. between (N_, S . } and K (see 2nd to 4th row 
-1 

of (!J5a)) which follo~, tlie sel_eo~ion .rules I Ll _ UI = 1, I ~.ll =z_, 
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-I 4 r3 1 := ½ 0 too-.· On· the other. hand we d·o not obtain the.; non'"". 

convenient term like (~i-!s-"~) fl: which· would induce the anoma-

.lous decay 2·:... ~-N~ + JT _ 

Finally let us·remark that the poor symmetry properties 

of. our 11 weak11 Lagrangian (55) are in full accordance .with the· · . 
. . 

· pri~cipl_e that the strength ~f the interaction is a descending 

function· of tlie ·deg~ee pf symmetry· of the . corre.sponding Lag: .. 

r~ngfan. · The "strong" Lagrangian· L(s) · is ·invariant· under ·all 

rot_at1oil~ ·and· refiections in 1sospace, the La.g!angian • of elec­

tx:omagnetic interactiomf ·1s invari.ant under rotations around 

· the th1r.d axis in .the 1s:osp?ce and under the reflection through 

the 1,2·.- plane (and· ther~fore. also under·the reflection ·through 

the orig;tn) and finally_ L(w) is invariant only under the ref­

lection through.the .1,2-plane in isospace. Cf.also 141• 

--~=========-------
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v. Con c 1 us ion 

We have seen in Section III, that a ma:t;rix"'.'"'a~gebra .. in.· 
' .. . 

the tbreedimensio·nal space can be defined':which char:acterizes 

the isobaric structure· of both the family 'of ·ba.r.yoris -and· 

that of mesons· arid e·nables us to describe all. baryons (mesons).· 

·by one universal baryon field· ½' · (meson field ":f. ). 7 / . 

----~--..;.------------~--------·---------------------.;..-__ ..;_~---
7 / The relations· defining this matrix-algebra. in ~9~P~T. ,·. 

ce can easily be· generalized to ~elations defining a. qui.te 

analogous algebra in the :r'ourdimensional space-t_ime. As will 

be shown in a separate paper by one of the authors (M.L.), 

the elements ol,._.. · of this ":fourdimensional11 algebra (counter.-
' 

parts of th'e elements of our 1soalgebra) admit as their·. 

irreducible representations just only either. the Dirac mat_. 
I • 

rices tp- or the Duffin-Kemmer· 5 x 5 -matric_es ~,.,.. · (not the 

10 x 10-matrices ~~ ) • I\.~. element _.,V, exists. in this foµr- .. · 

dimensional algebra which is an exact counterpart of the element 
. I . 

U of the 1s oalgebra and ".takes the va.:ue" 1(0) _fo~ o£,._.._ = ¥1-'- (pp-). 

Possible physical.implications of this new algebra are studied 
•. . . ., . . 

with the obvious aim.of further Wiifioationof the description 
. . . . 

of the whole group of ,strongl.ys - by introducing~ multi- . 

. component .. field X, o'f: st:ronglys · w~ich separates ,into the 

baryon field 't' ~d. mes():q: field ':f. One can hope .that, also 

·a more defirti te. fo~ df . the La,grangian ·Je /-<IJ will emerge. from 

'.· : 'this: :theo~r.·o~ the . u.ni versal ,11 stro7:1-g field II X . ' ) . 
. ~~--.;.-~~~~;,:,,.,:\-~-----,---,:__-,..,.-~~·--~...;,;· __ .:,;,~:_, __ ._~.-------------- --
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• 
The Lagrangian of strong interac~ions, can.be expressed 

in terms of the whole fields lt' and ':f in the f orm~j of the 
. . -· 

very symmetrical linear combination (52) of. the 'simplest· 

: Yukawa-type invariants (51). This symmetry; however,, becomes 

hidden or·disappear~ in-the customary notation (52a) using 

the wave functions of individual baryons and mesons. Thus, 

altll,ough the Lagrangian contains only one coupling cons·tant 

G, the strength of:interaction of the ba.:;-yon with the meson 

is different in their different isobaric.states. The splitting 
. . 

of, the mass values i_n. the ·baryon family is caused by the in-

teraction with•pions as well as with kaons .. Similar conclu­

·sion has been drawn also by Ning Hu· f22 J :f'ro·m another point 

of .view. The fourth pseudoscalar pion ff1· (with I = O), as 

introduced in this paper, may well be unobservable•in_practice 

due to its large mass and its ability to decay rapidly into: 

_JT+-+Jf_+JTo • ··.· 

The'Lagrarigian of weak interactions of baryons with 

mesons can be' written in a closed form quite similar to the 

Lagrangian_of·strong interactions. A special·operator belong­

ing to the isoalgebrct provides automatically for.the charge 

conservation and· _at the same time for the selection rule . 
/.aJJ ~! . The group of ·symmetry operations· iii isospace· admit-· 

ted by this weak Lagrangian is.just the .minimum admissible. 

Now, as concerns the other particles, not belonging to 
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the gr&up of·stronglys: The first question is, if the algebra 

· defined _solely by the relations (21) - (24) -· (i.e. ~.ithout · 

the additional con~i tions requiring the existence ·of ..Q and 

R which can be regarded as.characteristic only for"the strong­

lys) is competent for-the whole system. of fundamental particles.· 

We _believe that the answer ;is affirmative. As mentioned at the 

·beginning of Section III, besides the three irreducible repre-

. sentations which find their use inthe description of the.gr~up 

of_ stronglys, ,,there .exists _1n the firs~ place the trivial re-\ 

presentation in which _all matrices wj ) ~ L and u are zero. 

This representation could correspond to j;he photon •. In the. 

second· place there exist also' "patholo.gical11 i:r;reducibl~ represen­

tations in which wj (and U) are. zero whe~eas ~J -· .are given 

by any nontr_ivial irreduc:tble set of spin matrices sat-isfying 

the relations (2:3). 

If-we add the requirement that the charge operator should 
. i 

always be given by the formula i= A3 + ru. and that its--eigen-
, 

values can be only O and ! 1, we see that from amongst the 

pathologfoal representations only. that with A =l ·remains. This 

representation can now be assqciated with the lepton tripl.et . ,__,. ' --

( ~-t , \) , e.;... ) without any necessity. of changing the de-, . . o/ 
finition of the charge operator in case of leptons,_Provisions 

for the· mass-difference between I-'- . and e as well as for 'the 

vanishing ·9! the ma~s of v can be ma.de in the same1 manner· as 

------------------------------------------------------------------
8/ It can be also associated wl th the Schwinger 1)0s on­

triplet cortsisting of the photon and two heavy charged vector­
mesons. The above mentioned trivial representation then remains 
free to·be associated with the graviton 1211. 
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iri the_ pap.ers 151 and/or 1211 . · 

Finall.}"· let us _note that also the "fou.rdimensionaltt al-

gebra: (mentioned in>footnote 7)) admits ·11 ;p.a,thological 11 repre­

sentations· in which olp-- are zero matrices whereas the spin 

Ill~tr.ices ·op-v (corresponding to Aj ) are.nonzero. Such_ re­

presentations can,be used to write the wave equations of non-. . .. . '·... '. 

strongly interacting particles in the form ~eo_ent1y propose~· 

oy Feynmanand_Gell-Ma.nn {2J( • 

... One _o:f U1e a_ut_hors _(v.v.) is·grate:f'ul to Pro:f'esl?,<>r Ning 
' . 

Hu and Chou·Kuang Chao for valuable comments on this paper~ 
. •: ... .• .. ' 
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wjL1< = ;_ .JjkweLe ; ;\i ~k~:(,.Ejke Le , 
~J Wk Le =01 Lj wk Le~ o, )--'j U ~ ~ ·,·. 

~j YI< =(ZJjl<--1)LJ ·} .. · · ·.• 
(no summations) 

I+ (• {' + 1-,j 1.1<= 1-Zojk)Lj" 

Further we have the· decompositions 
• f 

i 

(A4a:, b\c) 

(A5a, b) .: 

wj = ;\j(ll+ u i)+ Aj(u-u•)-i:f (c,.,1hLj +LjL\Wu), - (A7) 

Aj ~: Aj(ue-;u)+ 1 Aj(Vi~uf--ttj_ke Ll<L; , .• (AS) 
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and finaliy the useful .formulas 

i!. U z..· 2 I • z, · · . w 1 = 3 + · · - i?. J ,;\ · = 2 ;\ .- - U = ..\ ( ;\ + t) . 
a .. ·> J ·" .. , 

I . . 
_; w . L L+ . I L . L+ "\ I l 
3 . J k . j wk·= 9 WJ j kwk = 1 - A - /U . 

(Alba, b, c) 

All these relation~ and the fundament~l equa:t1ons of the 

algebra and of the fleld theory in ·~ection III are invariant 

under arbitrary unitary transformation 
. . + . . . . .. ·. 
0 ---u. _o u with O = WJ· AJ· U R y. Ii 

. . I I I I Ji (1 

Q _.. .,u Q u T 1 ,L j -+- U ~ j > lf' .- u y 
1 

\.j -- u 'f . 
Notice .that especially t_h·e definitions of the· quantities 

• • • ' 0 

. ·/ ' . '. 

JTj, JT, l:j ,I,, KJ, kcs,, Bj , Bes) in terms of Lj, wj I R, ½I 

and cp · are· inyariant under ( u.) , as necessary.· Thus the 

· whole theory is independent of any special _choice of the re­

pres~ntation :;of· the . isoalgebra ~ ·or c~tirse, the representation 

in which the matrices ·u, A and ). 3 are all diagonal is phy-. 

sically. distinguished as most convenient because the eigen.-

values of thes.e matrices characterize the observable isobaric-. ~ . . . 

states of-the baryon.and ~eson. 

· The Harrish~Chandra matrices 1 p- _ have the following 

properties 

'1t 1v=f,-,.v >·1v'I; =p,_ 

~z= ~,' l~v,.~J~ ~))· (Alla, b, c, d) 

~ 
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·{Al2a, b)' 

(AlJa,b) 

These ·relations ·are similar to those_ be,~ween ~ W{·· and -Lie• 
·using the definition (44) ·of 'j(aJ and (AlJb) we find that 

. . • I , 

\ 

cjf~~_:L.1+Pi '-J<~:.._i_.(~+p 1 Q)T= ti~+T~ -
. L;-/liii · frl-" 4~ f ,.,._ _ ... T . .. 

The transformation) of. -lj corresponding to an _in;f,iri'itesi-
i 

mal'Lorentz transformation is 

. . . 

and according to our assumption the transformat~on ·corre.spOnd-

i~g · to the total ordinary space reflection is 

-":J' ~ ( 1_- 2 ~t)lj. {Al-5}. 

Then we easily find that IJP~ ":! . is a· vector, cfp-·;.,1;ij a<'' 

pseudovector' -~ '-1 a scalar and cp I a. pseudosca- --

lar in . space-,time •. We .also find .tha t ~.l:1,<0:~'_S cp<a') ~ans~· 

forms in the same 'manner as '-:J ·(-,qi ) • The corid:Ltion ':f·;'":!(f:!} I 

is ther~fore invariant under Lorentz transformation and,' space 

refleotion. -

The transformation of lf.l (or "J ) "cor:te~pondirig :to,' 

infinitesimal rotat:1,._on in isos11aoe. is·. 
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• 
. y _·(or ~ '\)~_(1+~-ijkAjk)Y(or y ) /A16) 

· y,her~ . 

·I. . · ;\Jk = E J~e Jte .= -l [ }ij; Xk] =--~). '[ wj, wk] . . 
. If we f.urther. take as the transformat.ion corr.espond1ng; to ·r.e.-
. . . \ : ; . I '. .. , 

:f'leo,tion,. of. the· 
I 

1:ki) reflection 
j -th axi_s in, 1s ospao_e the (d •

1
:EspfJ.gnat-Prent-· 

. . .. :- .. · "f/ (or _·. '-j_. · ) - ¾ Y , (or. •lj' ~·)·, 
I ' d 

we ·:r1nd that. · · , .· , 
I ' 

~ ' ,' 

(A:1:7) 

I 1 \: 

· 9wj~1--9?,j'lt1, .o/ cyjck,~>ij cp:~--~ .. Wj':l,lJ A_J.'i}I:j, JTJ 
are·a.11,isopseudovectors and · · 

' ! , '. , ' '· ' : • • -

i \ .. :. . ' .., 

-ltl.Y; ½' U'.ly l ~ ·cp: y Ucp; -~ ':f,) g,u- lJ,' /\, Jt I ', 

·are ·1soscalar~ (c':f.\'t·httf6ritj~las (.A.5·a,b) ~Ild (JJa;b).:.. ;{J6~,b)). 
• . '),. ···: r; 

.. ~ · If however we· .take, instead· qf- .(Al7) ' . 
, ,, , · ~ ·' / . · " , ' . 

. · .. y t Q~ . ":J ) - 1.. j y r' ( or .'f ) ; · (Al8) 
we·find.that 

,' ijiwf lt'i ~ Wi cp i iJ "-'j '! • rJ, :,rJ. 
ar.e .. ~soyecto~s, .. . · , , · ·. ' . · · 1 

lt' Aj -~-,. y Xf~~: ~ .Jj.' ':!:~ 
· a_re _iso];)seu~ovectors, ,. 

.· ~ 4J 1 4i/ * r ~: -~ J ·i\, Jr I 

are isdsoalars and . 

_y U ~ 1 • o/!tlcp, Y'.:U '1 
. • I 

' . ' 

are isopseudoscalars~ 
• . ·. ;i,' ' 
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We find also that in both oases .(Al 7) _and (A18). the· funo-
_., , ' 

tions y \a.J and - ":J (a.J_ transform in the same ma.nner-:as .:~Y and 

'-:I' SO•. that the condition -1.J' = I.J(~} _is ~lso .·;l:3,~invariant· •• · 

With a Lagrangian ';t.(-1J_of the general ~orm . 
. (1) . -
l£ -= [ ( G. a -t F. p) + h. v . . 

we obt_ain· the following expressions for the seo·_cmq order se1:e~ 

mass operators: 

JMG~J= Ml f 2 G1(G.f + c;e_-t- c; )+ 4 G;( G; + 2G i )-t- 3Ge(Gt ~ z.G; r~u~t+ F? f, . 
. . . I . I . . I . . I ~ ·- .·: . . . . . 

+ Ai- 8 G1 ( G 1 -t- G-i + Ge, ) + 8 G 1 (Ge - G ~ ) + 2, G" ( .3 G c?. ~ Z G z, ) + 8 Fi f ~ - Z Fi. ) -
' . . ! ~ -_ 

-10G:~+ 9F[-F:Z,J+u[12_G1F1+4G:F/+3G~Fz +G:F:J: 
+ui['-IG1 (G1-2.:Gi-2,G;J-~G;(Gi+ G;)-Gz(3Gl,+4_G;;)-F1 U\ -'8Fz.)+ 

. + F.'i - 5 G'l-- - ~Fi - J... F'~11 
1 ~ 4 Z. ~ t , 

+ "[8 c;1· cJ:G1 +Gi + G: )- e GZ, c rGi-:- i o;tt s Pi <.·P-i - ~ ,=-
1 
);~ 

. . . --
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Insert1.ng 
· f · . I . I 

G- = G = - G = - G =- F. = - F = F = 1 1 .i?, Z. 1 1 Z, 

./ .:::::r .t -
Fi=G· MG-=ft 

J I . 

we get the special formtil~a (5Ja,b)~ 
• .. • ·.. ' > . . . (j) 

Another interesting special Lagrangian ~ · is ob-

tained with 
· I I 1 I ,t .I 

. G 1 = - G 1 = _G i = ~ G i == -F1 :== I F 1 = Fi = - z F z.> = G 
• s i 

namely 

. ( ~) r· . . e_ : . I : ' I .. ·. . . I '· ., I ., ·. 

~ / =G (a1-o1)-:_{a1 - 2 &1 )+(a" + bz )-(ai + 2. E>z,)1+ h. c. (Alg) 

This Lagrangian yields the self-mass operators 

SM(Z,) =- F, ~36 _;. 5 A- 15U - 3; u ;?.) . 

8m"u= m(48 + 1z" - :[ uz). 

and the mass-spectra 

M + J /vi <i!.J-= h1 + dm<e, = 
·. . 3 -
=M-t-13 4 M 

= M + 36Jvi 

=·M + 4tM 

= M + 43 ~ ~ 

for N, 

for /1 
) 

for L 
.for ,--,. 

·u 

1.· -=m-11 2 /m/ for K, 

: m-<ta JmJ ' for 'JT"/ 
J 

=m-60/m/ for JT. 

Now the ~ -N mass-difference becomes very large whereas 

the 2 - L and · Jr'- JT 
. . ' 

mass-differences are rather small. 



~ 47 -

This could possibly -be amended b~ .. a __ better -method of calcula­

tion. 

Written in t~~ c,istomary notation the Lag:r::f:l.ngian (.A.19) · ,,, 

reads 

~ ( 1
> ~iG{ f (N ¥) ! IJ>frl 1 

~. f(~ (sl·s\rr ~ z(i\ 0$£):!ff:2~,(it/'.E. )E_~ · 
. 3 -. .. 1. -· ·. ·* .. · .·._ ::. ,>···; 

+ 1:(_No/E l<)f ~:-e (Z1;:E. ~ -ct I<_ ,)f_ - 2. (N'(s•l<>·A,~ ··.· 
, .. / -. .· . :. ',.· 

·e(tKs~JirL 2 ~Xoj4J.rr1 + h. c._~ 

We see that the mes.on <JT' lis primarily coupled ~nty with 3 

--and A 
) 

\ . . . . . - * . .. . . . \ : i_ . /. 
further that •the crit1:pling ( S k' '}: .·:) 1~ ~eaker . 

. ! ~ i • . -
than (N_ KL) whereas ( · 3 K* A ' ) is lacking entirtilY~' This 

could inhibit the production of ~I and of . z·+ :2K. •on: the . . . e 

other hand the production of/\+ K and I:.+ K is;enha.nced. 

By the method ,explained in Section IV/?-· a: n~eak" La:grari;,.. 

gian Qorresponding t\O (Al9) c·an .a.lso be. c~ristructe_d.:'is concer11s· 
. . , . 

-th~ terms containing JT , _it diff'ers from (55a). only· in the.: 

s£gn of the/ .term Ar,:~-!!. 
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