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A s s u m i n g Y u k a w a in te rac t ions be tween b a r y o n s a n d 
m e s o n s — a n d c h a r g e i n d e p e n d e n c e — the m o s t genera l 
s t r ong in t e r ac t ion L a g r a n g i a n is, as is we l l -known, 

y mat r ices be ing omi t t ed . Several a u t h o r s have a t t e m p t e d 
to m a k e th is £ m o r e definite by r educ ing t he s o m e w h a t 
impress ive a m o u n t of i n d e p e n d e n t coup l ing cons tan t s a n d 
we shou ld review n o w s o m e of the i r m o s t recent p roposa l s . 
A s y o u k n o w a l ready , f rom fo rmer a t t emp t s , two a p p r o a c h 
es c a n be u s e d : ei ther the cau t ious one , wh ich assumes 
as little as poss ible a n d tries t o st ick t o exper imen t at every 
s tep , o r t h e a m b i t i o u s one wh ich s ta r t s f rom a n idea , 
deduces m a n y symmetr ies f rom it a n d t h e n c o m p a r e s wi th 
ac tua l da t a . T h e first o n e is unques t i onab ly the be t te r , 
except t h a t un fo r tuna t e ly its yield is very p o o r . A t a n y 
r a t e we shal l begin o u r review by the m o s t cau t ious a p 
p r o a c h e s a n d t h e n go s tep by s tep to t he m o r e amb i t i ous 
m o d e l s . 

I feel t h a t in this spir i t I s h o u l d begin wi th P a i s ' r ecen t 
r e m a r k s . P a i s ' first p a p e r o n this subject is, however , 
a l r eady pub l i shed J ) so t h a t I shal l only recal l t he essential 
resul ts of it, wh ich a re as fol lows. Le t us a s sume t h a t 

^ = ± # 3 ; g& = ±gei gi=±gs (2) 

wi th co r r e spondence of signs, t h e n Pais shows t ha t , to t h e 
ex ten t t h a t t h e A—E m a s s difference is smal l c o m p a r e d 
to b a r y o n m a s s , th is a s s u m p t i o n is i n c o m p a t i b l e wi th t h e 
d a t a o n EK, AK pa i r p r o d u c t i o n wi th p i o n s o n nuc leons . 

I n a second p a p e r , Pa i s 2) shows t h a t un fo r tuna te ly n o n e 
of t he o the r poss ib le a s s u m p t i o n s lead to re la t ions be tween 
the va r ious p r o d u c t i o n amp l i t udes (except of course to 
t r i angu la r i nequa l i t i e s ) : in par t i cu la r , o n e c a n n o t exclude 
in this way al l t h e symmet r ies (2) which w o u l d n o t have 
the given sign c o r r e s p o n d e n c e + + + o r . 

Inequal i t ies m a y , however , h a v e the i r i m p o r t a n c e : in 
this c o n n e c t i o n I shou ld l ike t o m e n t i o n he re a p a p e r by 
A m a t i a n d V i t a l e 3 ) w h o cons ider K~9 p r eac t ions wi th the 
only a s s u m p t i o n t h a t g2 = ± gs ( renormal ized) a n d 
t h a t K i n t e rac t ions a re r a t h e r w e a k . 

F o r a review of this p a p e r t h e r eade r is refer red t o D a l i t z ' 
r e p o r t p . 197. 

R e t u r n i n g t o P a i s ' w o r k , i ts g rea t va lue is obviously 
t h a t i t pos tu la tes a p r io r i real ly very li t t le. I t follows, 
however , f rom P a i s ' s econd p a p e r t h a t this cau t ious 
a p p r o a c h c a n n o t , un fo r tuna te ly , l ead u s very far : in fact 
all i t cou ld d o was t o exc lude case (2) o u t of infinitely 
m a n y poss ib le cases. W e migh t , of course , s top he re b u t 
if we w a n t to go fur ther we m u s t necessari ly r e so r t t o 
a s s u m p t i o n s . 

N o w one a s s u m p t i o n t h a t ha s been p r o p o s e d by several 
peop le is t h a t t h e b a r y o n ba r e masses a re all equa l . L e t 
us h a v e a li t t le g lance a t th is . I n fact we shall only need 
the w e a k e r a s s u m p t i o n s 

U n d e r a s s u m p t i o n b) case (2) is of cou r se trivially excluded, 
because the who le L a g r a n g i a n is t h e n 4-dimensional ly 
i nva r i an t w i th 2 , A a s a 4-vector , a n d t h u s n o AH m a s s 
spl i t t ing c a n o c c u r ; b u t a) a lso gives u s some ind ica t ions . 
As a tr ivial example let u s m e n t i o n t h e s imple cases 

T h e s e c a n be m o s t s imply excluded us ing t h e t r a n s 
fo rma t ion 
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N-+E, n - > 7 i K->K, 

which leaves t he who le £ i nva r i an t whi le c h a n g i n g N 
i n to E a n d conversely . £ c a n n o t therefore induce a n y 
N, E mass difference. 

N o t h i n g , of course , tells u s t h a t (4) h o l d s . N o w a n o t h e r 
use of t r a n s f o r m a t i o n (6) a n d of s imilar subs t i tu t ions 
c o u l d be s imply t o classify t h e s t r o n g in te rac t ions i n t o a 
p a r t t h a t r ema ins i n v a r i a n t u n d e r t h e m a n d a p a r t t h a t 
changes its s i g n : th is for fu r the r t heo re t i ca l u se . Before 
w e e m b a r k o n this however , I shal l m a k e the t r ivia l r e m a r k 
t h a t ins tead of t r a n s f o r m a t i o n (6) we m i g h t j u s t as well 
h a v e used its p r o d u c t wi th a n y i so top ic sp in r o t a t i o n — 
which leaves the L a g r a n g i a n i n v a r i a n t a n y h o w — a n d in 
pa r t i cu l a r wi th a 180° r o t a t i o n . a r o u n d the I 2 axis . Th i s 
gives 

F o r p rac t i ca l p u r p o s e s (B) is qu i t e equ iva len t t o ( 6 ) : 
i ts o n e fo rma l a d v a n t a g e is t h a t t h e t w o b o s o n s , n a n d K, 
b e h a v e similarly u n d e r it. W e a l r eady k n o w t h a t t h e full 
L a g r a n g i a n c a n n o t be i n v a r i a n t u n d e r (B) if b a r e masses 
a r e e q u a l b u t as I sa id we w a n t t o use (B) for a classification 
of t he in te rac t ion t e rms , h o p i n g t h a t th is will l ead us t o 
n a t u r a l a s s u m p t i o n s . 

Of course , such a classif icat ion w o u l d l o o k m o r e highly 
p romis ing for o u r p u r p o s e if, i n s t ead of be ing j u s t a m a t h e 
ma t i ca l subs t i tu t ion , s o m e phys ica l i n t e rp r e t a t i on cou ld b e 
given to i t . T h i s is precisely w h a t is p r o v i d e d by t h e 
c o n t r i b u t i o n of Budin i , D a l l a p o r t a a n d F o n d a 4 ) . T h e y 
cons ider t o t h a t e n d a k i n d of c o m p o u n d m o d e l whe re 
we have as f u n d a m e n t a l pa r t i c les 

a baryon A0 with no isotopic spin, hyper charge, and 
charge 

/ = u = Q = 0 

the K meson 

the 7i meson 

F r o m these t h e k n o w n par t ic les a r e o b t a i n e d by c lo th ing 
wi th K a n d n : for i n s t ance they c o u l d u s e 

I n such a scheme it a p p e a r s n a t u r a l t o spli t t he cha rge 
con juga t ion C in to a p r o d u c t of t w o o p e r a t i o n s , one , B , 
be ing rough ly speak ing a c h a r g e con juga t i on of t he b o s o n 
field only, the o the r , S, be ing a pa r t i c le ant ipar t ic le 
con juga t ion ac t ing o n A0 on ly . Ma thema t i ca l l y one 
chooses 

so t h a t th is is i n d e e d j u s t o u r f o r m e r (B), b u t n o w wi th a 
physica l i n t e r p r e t a t i o n . T h e n B • S = C gives 

(Wi th t he genera l def ini t ion %° = C " 1 £ T ) . 

I n t he a u t h o r ' s idea , the i r c o m p o u n d m o d e l shou ld jus t 
be used in o r d e r t o i n t r o d u c e t h e B a n d S ( b o s o n conjuga
t i on a n d s p i n o r con juga t ion) in a n a t u r a l a n d so to speak 
phys ica l way . O n c e they h a v e t h u s en t e red the p ic ture it 
becomes bel ievable t h a t they p l ay a ro le in n a t u r e , t h o u g h 
w h a t this ro le exact ly is we, of cour se , d o n o t k n o w . Q u i t e 
tentat ively t hey suggest t h a t t h e L a g r a n g i a n (1) shou ld b e 
inva r i an t u n d e r B a n d S separa te ly . T h e n the N-E mas s -
spl i t t ing s h o u l d be a t t r i b u t e d t o s o m e n o n - Y u k a w a inter
ac t ion , for ins t ance t o a ( b a r y o n , b a r y o n , K, K) direct 
in te rac t ion . 

A t this p o i n t I w o u l d ten ta t ive ly inser t a smal l r e m a r k 5 ) . 
I t was s h o w n by Z e l ' d o v i c h , F e y n m a n a n d G e l l - M a n n 
a n d o the rs t h a t the r e p r e s e n t a t i o n 

is par t i cu la r ly su i ted to t h e desc r ip t ion of weak in te rac t ions , 
because wi th V-A coup l ing , % does n o t en te r . T h e s ame of 
cou r se h o l d s if we c h a n g e x, X t o 

p rov ided we reques t invar iance u n d e r x e ^5X, i-e. 
b a r y o n conse rva t ion . N o w in t e r m s of x t h e " b o s o n 
con juga t ion " B t akes t h e s imple f o r m 

(B) X~+~XC 

in full an a l o g y wi th w h a t it is for b o s o n s . T h e p r o d u c t of 
the " sp inor c o n j u g a t i o n " S w i th o r d i n a r y par i ty P takes 
also a s imple f o r m 

(S.P) X~*-iya, n-+n, K-+K (7) 

(if K is pseudosca la r ) . 
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F r o m (7) i t is o b v i o u s h o w in t h e n e w r ep re sen t a t i on X 
o n e shou ld wr i te t h e B a n d S conse rv ing t e r m s ; they a re 
j u s t t hose w h i c h d o n o t invo lve a y 5 . ( I t m a y fur ther b e 
p o i n t e d o u t t h a t a P C i n v a r i a n t L a g r a n g i a n , see be low, 
cou ld s imilar ly b e split i n t o B a n d (S.P) separa te ly conserv
ing a n d non -conse rv ing te rms . ) T h u s wi th t he X represen
t a t i o n b o t h w e a k a n d s t rong in te rac t ions t ake r a t h e r 
s imple fo rms whi le B a n d S con juga t ions a re s t ra ight
fo rward a n d e n d o w e d wi th a k ind of physica l i n t e rp re t a t ion 
as r e p o r t e d . W h e t h e r o r n o t these facts a re a n ind ica t ion 
of a n y deep- lying symmet ry , it is of cour se m u c h t o o early 
t o j u d g e . 

V o t r u b a a n d L o k a j i c e k 6 ) have fol lowed a different l ine. 
T h e y cons ide r two sets of vec tor mat r i ces 

03 a n d X 

in a 3 -d imens iona l i sospace , w h i c h have close analogies 
wi th t he y (/?) a n d o* mat r i ces in o r d i n a r y space t ime . 
T h e y subject t h e m to a m a t r i x a lgebra wh ich is t o o com
pl ica ted to be t r ansc r ibed here , b u t wh ich h a s t h e p r o p e r t y 
t h a t its only r ep resen ta t ions t h a t involve i r reducib le n o n 
zero to ma t r i ces are 

T be ing the sp in o n e m a t r i x . These , of course , they p u t in 
c o r r e s p o n d e n c e respect ively wi th 

a n d , these r ep re sen t a t i ons of the i r m a t r i x a lgebra be ing 
t h e on ly n o n - p a t h o l o g i c a l ones , they a r e t h u s able t o l imit 
the n u m b e r of poss ib le b a r y o n s a n d m e s o n s . Th i s , I t h ink , 
is the i r essent ia l resu l t . A s far as in te rac t ions a re conce rned 
I wou ld , however , m e n t i o n t h e fact t h a t t hey also a r e led t o 
t r a n s f o r m a t i o n s which a re pract ica l ly ident ica l wi th B a n d S 
in a very n a t u r a l way . 

Final ly , t h e nega t ive m o s t recent Berkeley resul ts o n 
b a c k w a r d - f o r w a r d a symmet ry in /1-decay m a k e it unneces 
sary t h a t we s h o u l d dwell m u c h o n poss ib le P a n d C n o n -
conse rva t ion in s t r o n g K in te rac t ions . Howeve r , I w o u l d 
like t o m e n t i o n the fine theore t i ca l p o i n t m a d e b o t h b y 
Soloviev 7 ) a n d D r e l l 8 ) t ha t , wi th n o n - g r a d i e n t coupl ings , 
the a s s u m p t i o n of P C c o n s e r v a t i o n , t o g e t h e r wi th t h a t of 
c h a r g e i ndependence , u n a m b i g u o u s l y lead to separa te P 
a n d C conse rva t i on b u t in t h e n i n t e rac t ion t e r m s only , 
n o t in the K in te rac t ion t e rms . A theory based o n such 
premises w o u l d therefore a c c o m m o d a t e , a n d accord ing 
to D r e l l even predic t , a po l a r i za t i on of t h e A i n t he p r o 
duc t ion p l ane and , therefore , a f ron t -back o r left-right 
a s y m m e t r y of t he decay p ions . 
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