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where the dotted indlces are transformed as the cbmolex conjugatéi
of the undotted indices, and 77 , J. , N*L,‘N‘jt S, L, etae

‘ iepresent’wave fuﬁotiohstof the'oorrosponding particlés.‘81nce‘#et S
Aﬁshall only consider rotationS-in three dimonsional.130bafio*§§aoé;7fw
the dotted 1ndices will also transform contravariantly to. tho un— dif;
; dotted indioces. Thus the following expressione are 1nvar1ant under

the transformation: ‘
Caca | C'Cyq, CC, CTc,  CTCT YT

C‘W'C(;( . ete,
| (3)

‘.whore repeated indices means summation over « = 1,2.
| Aooording to d'Espagnat and Frentkiz/ the strong 1nteraotiono

of’pionsfwith nucleons and cascade particles are given by
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The interaction function of pions with',,; and /\ particles are

ylikowise glven by

O&/\ : !";}" /:\_ ﬁ . . o »\ N
2 Y/’ ’?f} 7L \;/)f ‘J % /’/L % / , (5)
~In usual notation this may be weitten as . .

o (aas Ay (E S XT3 Fec (Sa)

It is nop essential in Gell-Namnm's scheme to consider only two ca-—
ses: (1) =0, = = and (41) - ' since in all other
cases, as 1t can be seen from (5a), the mass increment of " and ),
due to interaotion with pions will notibe the same and‘therefore the

inclusion of /. and ;, 1in one wave function'  would have 11ttle



‘signi(icance.vWe see that the above two casses only lead to different
IZSigns forfthe‘first term of (5a). Remembering that all wave functioné
- are defined only up to an arbitrary unimodular factor, these two ca-
- ses will become identisdl if we replace N by -/\ . Therefore the
abdve'two cases are essentially_thé same and in the following we

shall only consider the casen(i). Then (5) becomes

o

= 5 e e | 6
Using (2) we see that (3) and (6) are invariant under rotation in
.1sobaric space. This invariant propdrty is however more stringent

than the requiremeni that the interactions of plons with baryons are -
1ndependent of the charge of the meson. To ensure the latter proper-

ty it would be sufficient for (6) to be invariant under transformation w
© with respect‘to those 1ndicesvwhich are dontained injidu. To 1llus-

- trate this poiht we write (6) as sum of two terms:

Hyw g W idort g v 2 g )
The interaction will be independent of the charge of the meson if
the two terms in (7) aie invariant separately under spinor transfor-
mation with respect to the indices H and - , 1.e., if‘f,' and "~
and are transformed as two spiymnors of the first ranko The
above argument caﬁ also be put more precisely as follows: Virits

down (6) explicitly'we obtain
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We see from (8) that the interaction caus.eas:" only transitions bet-
ween St and v? and also between 5 and Z°, but no transition
from the doublet ‘Z+ Y° to the doublet ¥, 27 . This "a.lre“a.dy";._'
shows that as far as interaction with plons is oonserned, 1these
two doublets are as distinguished from each other as the dou‘olets \_4,‘0}_;
and N, N' . Now the hypothesis of charge independence says that
}in interaction with hyperons the pilon, oase no difference between :
5 " and YAl ‘and also no difi’erenoe between 2 and 77" . Phus the
interaotion} will be the same if the hyperon state is an arbitrary -
superposition of Y ~ and V' or of 3 “and . 2 will net be ne—
cessary to consider superposition of )’f y ¥, ¥ and z° since
the interaction does not cause any ftransitionl from the Z‘L, Y'as‘té.i:‘e‘
“to the >~ ’ Z ‘state, In ma.thematioa.l lagguage this means that as
| 'faf Coas - interactions with pions are concerned, Zf ’ y and
> ,Z" should be considered as two spinors and not as one spi-
”nor-matrix. | L
Following Gell—Mann we may assume that the interaction constants‘
j y ;'" and g, in (3) and (7) are the same. Then the strong: in—A'

| teraotions of pions with verious hyperons can be weitten in the

following univerdal form: -

/L/ s hi # iy Wox' : 7 (7)o, 5, > o)
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If we assume further that the unrenormalized masses of ni, 2 and 2
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particles are originally the same (the aquality of masses of /\
and é;' has been assumed before), ‘then Gell—Mann s "global symmetry" i
| obtained. The baryons form four pairs of degenerate doublets which |
‘cannot be distingu&shed from one another if intersctions with K~
_mesons were abaent. From the foregoing derivation ve see ‘that tho v
equaltity of all baryon masses is not necessary for the universality of
"strong interactions with pions, the latter only requires tho equa~
- 1ity of unrenormalized masses of /\ and 5" particles..

Following the same spirit we may also propose an universal
‘weak interactions of pions with baryons. Unlike the strong inte—y
raotions in which the pions interact only with one baryon fieldtf{'
in ean elementary actj in weak interactions the plons must interact
simultaneously with two different baryon fields.‘We sssume that the

univerdal weakwinteraction is given by.

: HW\” 6]?0( ng.)"( \/?3, ‘ ¢.Co (fl,‘ = 1 :.‘ o (10)
‘;vhore G is the universal constant for the weak interactions we no~3‘
‘. te that the behaviour (10) under rotations in isobaric space ia the
same as the strong interaction(9). |
Thccinteraction functions (10) with different values of 1 and
J, as they stand, do not all conserus the electric charge of‘the'
system. Ve see esSily that electrio dharge is conserved only for‘

the following two'cinterections

| - | | o "



- notations we obtain

Before we proceed further, it should be pointed out that an
“alternative form of weak interaction functions which satisfy all

~ requirements satisfied by (ll) aloo exists.’;¥'~
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As in the case considered before (12) reduces to (11) 1f we replaee.ﬁﬁ;

I\ by AT Since the ambiguity 1n the sign of the wave function;;ff
A has already been removed by the shoice of (6), therefore (ll)<?(12
must now be different from each other@‘writing (11) and (12) in usual
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where the upper and: lower signs before /\' correspond to interuction e
(11) and (12) respectively. It will be.noted thut (11) and (12) are com
ponento of a spinor 1n isobaric space. That the weak Hdwlltonians

for weak interazctions are sp1n0r° inﬂsobaric space has already been s
proposed and investigated by several authorsj/. Such Hamiltonians .‘o
will ensure the cnange by 1/2 of the isotopic spin T.~We‘notice'that

(S,

mno term in (13) will cause the~transition.-§; — N°+'z*'.fwersé¢,;u

T
»

also from the form of (13) that perﬁicles‘have only transition

to the state T = + 1/2 (l.e., A T == 1/2). At first sight this would
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mean that (13) is in disagreement with the experiment since we
 know that‘the decay’process ZT_-aa.lN<+ ¢ has comparable life
' time as the decay process of Z: o We shall show that under the in-

flueince of strong 1nteractions our weak interactions (13) can still
“lead to I_ decay*. The decay process may take place via strong

‘ interactions in the following manner:

o :
E: T~ u + A.~+-jl + ~tA/ —s»:/ T+ Af PR _
IR I L s
e s T e N T |
“n‘ T L e ; (15)
If we take (ll) as the Hamiltonian for weak interactlions and .
(3) and (6) as the Hamiltonians for strong interactionsg then af-

- ter some straight

* It should be stresoed that owing to strong interaotion, the
selection rule for A T as read from the Hamiltonian for weak in-
teraotiOns is in general not the same as the observed one. For in-
stance9 the unstable trange particle under consideration may be

converted by strong interaction into another unstable strange par— ‘;Qi

ticle for which the selection rule given by the interqction Hamil—f:,~”

‘tonian is differenta If tho decay of the original particle takes ’
place through this second particle, the selection rule for the. pro~ff"

cess must be modified Even when we | do not consider another unstable*-:l

partioles the strange particle under consideration may still omit
virtual mesons: so that the isotopic spin T* of the particle in this

virtual state as a vector in the space quantiaation diagram ia ep-

’

- posite to the direCtion of total T. Thus we have AP = - A T, IT
. . A . b



the interaction Hamiltonian only allowsg,say,t,ﬁ T = 4+ 1/2, we
see immediately.that'if‘decay takea place trough this virtual sta-
te, the change of T is given byAT = - l/_o Detailed oonsiderations

will be given elsewhere.

lforWard calculation we find that the transition amnlitude_for'(14

‘ is juet equal- and ‘opposite to that of (15)@ de cuan easily see tant

”for more. complicated path"tthe”contrlbution from vj mtwl .’ paré‘;f

ticles and similar contributions from vir\uﬁl }f parlicles -always

':nr)-vv

canoel one another and therefore the net trdn itden ampllitude
j;" decay is always zero. However, if vie ta.lrn (l’) o hhe inte— o
raction” Hamiltonian, we find that the corresponding ampl;ivde, ul¥
ways reenforce each other. Consequently we obtain nonwvanimhing
transition amplitude for the ;f- dec&y, the life time of which
1s comperable with the 8f 5 = decayen.
- We oonolude from the above result that (12), not(ll)9 shouid
be taken as the Hamiltonian for universal woak interactionsa
In the following we shall ;how that (12) alsc lead to decay -

" of X° meson. The most general form of interaotion Hamlltonian of

Khmesons with baryons are given by

H'=4 ”%

In usual not&tion this io .

M (fgg ) ST K /\*(f*fa Eék%'*



According to Gell-Manh the interaction constants 'ﬁ are one or— ‘7

der smaller than y_, in (9)’ and (16) is responsible for the mass: f
differences of nucleon, 3 - ,/\ and*?-particleso The decay of
x° into 4 ﬂ”,’andf—?d + 77 can take place through the otrong
interactions (3) and (6)9 the moderate strong interaction (16)
and the weak interaction (12). The simplest diagrams for such
‘proceS>es conslist of - three vertices, one for each kind of inte-
'1~ractiono_The smallness of je in. comparison with g may have

<

the effect of making the decay life time of Ko—mesons longer than
“thosn‘of Y and 2 ’ but this effect is compenoated bJ the -
oituation that the number of virtual paths is rather large (about -
;ten) \nother compenoating factor is the large available nhase spa—
ce of the final states. Therefore we may expect that the life k "
timo of K° -decay will come out to be of the same order as that

of /' and particles, in consistent With the experimento_:i.“:
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