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ABSTRACT :

A new four-quark scheme is suggested, in which the strange and
charm quarks A, ¢ are considered as the members of the 1/2
representation (with I=0) of a new "strange isospin" S.The new
scheme is shown to be already contained in SU(4), and allows a
different internal classification of hadron supermultiplets, More
over, from the conservation law of the total isospin T = I+ S,
we succeed in particular in explaining: (i) the AI = 1/2 rule for
strangeness violating weak interactions; (ii) the existence of Kog;,

Koy -

1, - Let us observe that all the good features of the four-quark mo-
del{1-3) can be more straightforwardly derived from considering the
third and fourth(4) quarks A, ¢ as the members of the 1/2 representa-
tion of a new "strange isospin" 8.

In fact, let us consider the four quarks (with their electric charge)
as in the charm model(ls 2) H
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n(q=-1/3) ; Alg=-1/3);

(1)

plg =+2/3); c(q=+2/3),

where of course n, p, A constitute the fundamental representation of
SU(3).

As well-known, the quarks n, p are the members of the ordinary
isospin I, with strangeness S=0 and charm C=0;:

n(ly = -1/2); p(l, =+1/2), (2)

Analogously, we can well consider the quarks A, ¢ as the mem-
bers of the 1/2 representation (with I=0) of a new isospin S, that we
shall call "strange isospin" (or "strange spin") :

A(S, = - 1/2) ; c(S, =+1/2). (3)

In this way, as the "strange isospin" doublet A, ¢ is an ordinary-
-isospin singlet, so it is natural to consider the ordinary-isospin doublet
n, p as a strange-isospin singlet.

Of course, in the present scheme the two quantum numbers
strangeness, S, and charm, C, are very simply substituted in the case

of our four quarks by the degrees of freedom S, = -1/2 and S5=+1/2,
respectively, of the strange-isospin S:

-1=5(4);
e (2)
+1 = C(c),
or better:
S(A) _ o
2 = Ss(;-)""z 2 (4-3-)
cle) .. § 15 el
5 SB(C)_+2 (%b)

The generalized Gell-Mann and Nishijima formula of the charm
model:

S+C |, B
2
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in our scheme reads in the equivalent form:
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(5)
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2, - We immediately want to forward three important consequences
of our present, symmetric scheme.

Firstly, our quark model yields a straightforward explanation
of the rule

=1
41-2, (6)

for the (strangeness violatingl_weak interactions, as a conseguence of the
conservation of the vector 1+S, that we shall call "total isospin™ T :

A

T =1%+8. m

In the other words, if we postulate(s) the "total isospin" con-
servation law to hold for both all weak and the strong interactions, then
we get immediately the AI = 1/2 rule for all A4S =1 weak interactions
(or better for all AS = 1/2 weak interactions),

Secondly, let us consider the K, and I_{-o meson states, accord
ing to our (more symmetric) scheme :

= ) = _:-:!'-- =l‘.- S = l. = 1
|K0>"Inl>"|s 5s L=g: Sy=*g; Ig=-355;
- _— T 1 2

= N = = — - == . = o = . = Rady
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|K>— sl Ty= 0 +—=|T=0; T,=0>; (8a)
V2
IEO>=—1:IT=1 ; T3=0>-—_1_—|T=0, T3=0>, (8b)
V2 V
where of course it must be(G):
|K°S>=‘T=1; Ty=0>;
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Since, in our assumptions, the total isospin T is conserved in Weak in-
teractions, it follows immediately that only the eigenstates, | K )
| Ko, > op> » Of T, Tg can be actually "seen" through weak interac '.ons_

Thirdly, still from conservation of T, one can directly derive the
CVC-hypothesis, in the case of 4S=0 currents, Besides, even in the ca
se of Agf(] isocurrents, one can define a generalized current (carrying
T) and then derive the conservation of the generalized vector isocurrent,
thus extending the original CVC-~hypothesis to the total-isospin case.

Bs = Let us now come to the question of the algebraic structure under
lying our four-quark model, Following Avilez—Valdez(7), from our re-
quired symmetries SU(2)I, SU(Z)é‘ SU(3) we are automatically led to
the sym?letlc group Sp(4) in four dimensions 8), which however is con
tained(8) in SU(4): Sp(4) € SU(4). Therefore we stress that the usual
charm modellls 2) itself must in particular include SU(Z)'S' as well as
SU(2)I.

If we adopt SU(4) symmetry, then by our scheme we shall me-
rely forward a different internal classification of supermultiplets,

For instance, the spin 1/2 baryon 20-plet of SU(4) becomes:
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S 1;§3=+1, I=%—; I3=+%— —i cecp = E,‘H(cc)
I, = -% e cen = E+(cc)
§3=0, 13=+—;- — cAp = B (c )
.13=--;— e cAn EEO(C)
§3=-1, I3=+% —— aip = E°
I3=-% —> JAn = &

where N© = N is the neutron, 1?"' = P the proton, A° = A the Lambda-
~-baryon and C*t = C the newly discovered "charmed proton"(g). The ba-
ryon names are preceded by their empirical "chemical formula®™ in terms
of quarks,

It is notlceable e, g. the large mass-splitting in the S T 1/2 dowp
let of baryons A°, eF ; but it can be due to the so-called medlum strong
interactions, which in fact are known to be invariant not under group SU(3),
but only under the group SU(2) generated by ordinary isospin, More gene-
rally, the mass-splitting due to medium-strong interactions is expected to
depend on both S and S3, so that the "medium-strong"™ Hamiltonian is not
expected to be invariant under the group SU(2) generated by S.

Since we assumed strong interactions to be invariant also under
SU(2)3, then the SU(3) symmetry among n, p, A becomes - by a mere
SU(2)S-rota’cion - the SU(3) among n, p, c¢. Therefore, by applying the
Gell-Mann and Okubo formula to the alternative SU(3)-fundamental-repre
sentation n, p, ¢, besides the usual mass relatlon(lo)
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we can symmetrically write at the first order:

3 1y
-c +—>:() 9

2 (10)

L
+'z;‘.’-':(cc),

where 3(c) is the mass of the triplet 2%(c), = *(c), >™(c), and E(cc)
of the doublet =*(cc), 5™ (cc). From the last two relations, one may

also get:

3 1 1

3 p— _ 2 o] 4 .
;(cc)—gc/i +4};-2H

3 1 1
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The previous considerations will be derived elsewhere also from

more general interaction-symmetry considerations(ll)_
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