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We consider the implications of a possible common origin for the strong symmetry breaking
and the nonconservation of strangeness in weak interactions. Assuming that the strong SU(2)
x SU(2) -symmetry-breaking contribution to the pion mass vanishes for a zero Cabibbo angle,
then, in order to avoid large strangeness-changing terms, the chiral SU(3) x SU(3)~-symmetry-
breaking Hamiltonian cannot transform as a pure (3,5) + (3, 3) representation.

Some years ago, Gell-Mann, Oakes, and Renner!
(GMOR) and, independently, Glashow and Wein-
berg? (GW) clarified the significance of the chiral
SU(3)x SU(3) symmetry. They assumed that the
symmetry-breaking Hamiltonian transforms as the
(3, 3) + (3, 3) representation so that the Hamiltonian
describing the strong interaction can be written
in the form

H=H,+€,uy+€5ug, 1)

where H, is the SU(3) X SU(3)-invariant part and
where u, andu; (=1, ...,8) are the scalar com-
ponents of the (3, 3) +(3, 3) representation. The
ratio €,/€, was found!:2 to be near the value —v2 ,
which corresponds to the limit of exact SU(2)

X SU(2) symmetry, which is realized through mass-
less pions. Consequently Oakes® has suggested
that the structure of SU(2)x SU(2)-symmetry break-
ing is obtained by rotating an invariant SU(2)

X SU(2) Hamiltonian by an angle 26 about the sev-
enth axis in SU(3) space, where 6 is the Cabibbo
angle.* This would imply a common origin for
strong symmetry breaking and the nonconserva-
tion of strangeness in weak interactions. How-
ever, starting from the SU(2)x SU(2)-symmetric
Hamiltonian H(6=0)

H(0=0)=H,+€,ue—V2 ug) (2)
and applying the Cabibbo rotation®
H(6) =e~2'9F7 H(0)g? F7
=Hy +€qUg+€3Uy +Eglhg+E€glUg, (3)

where F; (i=1, ..., 8) are the generators of the
SU(3) group and

Sa- V7 (1-$sin?e), (4)
0
GV e
< 75 sin®g, (5)
§§= -6 sinfcosb, (8)
0
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we end up with a Hamiltonian completely different
from that of Eq. (1). The Hamiltonian (3) involves
two new terms: u,, which breaks the isospin sym-
metry, and ug, which violates strangeness conser-
vation. While the introduction of the «, term in
the Hamiltonian was welcomed by many authors,®-!!
the us term is undesirable and therefore was ne-
glected without any theovetical justification. If one
accepts this ad hoc assumption, the use of the ex-
perimental value'? sin9=0.27+0.02 in Egs. (4) and
(5) gives

S& ~0.07. (1)

S2~_1.26,
€ 8

While the result of €4/€, is in agreement with the
GMOR and GW analyses, the €,/€, ratio is too
big compared with estimates® obtained from

n-p, A-p, and K°-K* mass differences, which
give €,/€,=+0.02. On the other hand, the hope to
explain the 77— 37 decay rate with the large €,/¢,
ratio” given above has been disproved recently,'®
thus only resulting in difficulties in explaining the
SU(2)-breaking effects with a large €,u, term as
given in Eq. (7).

To overcome the undesired result for €,/€, giv-
en in Eq. (7) one may try to start with different
Hamiltonians than the one given in Eq. (2). We
shall make a Cabibbo rotation on the following two
Hamiltonians suggested in the literature'*:

H,(6=0)=A(,~V2u,)+B (%mﬁ —‘[—é—-us +u3>,
(8)

1
H,(0=0) =A(u0-w/7u8)+B(u3+‘/——3=u8> . (9)

Imposing the strangeness conservation on the re-
sult, we get
H(0) =€ uy+€5uy +EglUg, (10)

where
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eg:%B+A, =4, (11)
e§=€’§=7—é—B—\/7A+‘/%sin26, (12)
e;‘:e’;:B—%AsinzG. (13)

The Hamiltonian (8) was motivated by an SU(2),
xU(1) gauge theory,'® and in quark language it
states that H(6=0) laks an 9% -quark mass term.'®
The Hamiltonian (9) suggests that the only chiral
SU(2) symmetry-breaking terms when 6=0 trans-
form like a U-spin singlet, in analogy to the trans-
formation law of the electromagnetic current. If
we take as input the experimental value of the
Cabibbo angle and possible values of!'*°

V2 <€,/€,<-1.25 we obtain

0.08 <2 <0.14, (14)
€g
Eb

0.05<€%s0.24, (15)
8

where the lower limit corresponds to €5/¢,=~1.25.
Thus, although the ratio €,/¢, is very sensitive
to the input value of €,/¢€, (but not to the value of
sind), it is necessary to have €;/€,<-1.25 in or-
der to obtain a desirable €,/€, ratio.®*°

Since the already suggested “unrotated” Hamil-
tonians H(6=0) are not very satisfactory and tze
assumption of neglecting the strvangeness-changing
term (~ug) in the “votated” Hamiltonian H(0) is
completely unjustified, we shall make an attempt
to start with the most general Hamiltonian H(6 =0),
taking into account that the resulting strong Ham-
iltonian H(6) should be CP- and P-invariant, and
to conserve charge and hypercharge. Thus,

H(6=0)=€quy+€5(0)uy +€5(0)uq+e€4(0)ug
+H o+ H,(As =0), (16)

where H., and H,, are the usual electromagnetic
and weak Hamiltonians. After performing the
Cabibbo rotation on Eq. (16) to get

H(0) =€ uy+€,(0ug +€5(0)ug+es(0)ug

+H g, +H,(As=0)+H,(As=1), 17)
where
€,(8) =€,(0)(1 — 7 sin?6) +€4(0) 3 sin26
+€,(0) V3 sin6, (18)

€(0)=~€,(0) 3 sin26 + €5(0) cos26

+€,(0) 3 V3 sin26, (19)
€5(6) =¢€,(0) 3 V3 sin®6 —€4(0) % V3 sin26

+€5(0)(1 - £ sin6), (20)

we require strangeness conservation [i.e., €,(6) =0],
which gives

€6(0)=[~ 2 V3 €,(0) + 3 €,(0)]tan26. (21)

At this point it is important to realize that if
one does not require the existence of the strange-
ness-changing term u, in H(6=0), namely €4(0) =0,
then solving Eqs. (18)—(20) one gets

€5(6) =€;(0) =V3 €,(8) =V3 &,(0), (22)

which results in a very sizable SU(2) breaking,

and therefore this possibility should be neglected.
In order to keep within the spirit of Oakes’s origin-
al assumption,® we shall require that the pions are
not massless due to the nonvanishing of the Cabib-
bo angle and

m,2(6=0)=0. (23)

If €;+#0 then the u; term mixes n, with m,, but still
this contribution to the pion mass is of order
€,%(0)/€,, which is believed to be one order of mag-
nitude smaller than the usual electromagnetic in-
teraction —H_ present in Eq. (17).)" Therefore,
the assumption given in Eq. (23) is equivalent to
the relation

€5(0)==V2 ¢, (24)

which together with Eq. (21) in Egs. (18) and (20)
gives

€,(0) = =V2 €,(3 V3 sin®6 — 1 V3 sin26tan26)
+€,5(0)(1 -  sin®6 + 1 sin20tan26),  (25)
€5(0) = —=V2 €,(1 - ¥ sin®6 + 2 sin26tan20)
+€,(0)(z V3 sin?6 — § V3 sin26tan26) .
(26)

Eliminating €,(0) from these equations we get a
value for €,(6)/e,:

3(9)~_ﬁ [14- <2+2‘/\;3,_2_ 52(09)>Sin291

cos26
€ 1+ sin® @7
2cos26
- ﬁ( 63(9)\)sin29 ]
B ﬁ[1+ 2 ﬁ+ﬂ€0 cos26 <-VZ.
(277)

For any reasonable value of €,(6), €,/€, is outside
the allowed domains'® in the GMOR and GW models,
Therefore the result given in Eq. (27) suggests

that if our scheme is accepted the chiral symmetry
breaking cannot transform as a pure (3, 3) +(3, 3)
representation, but might contain other terms
transforming like (8, 8) (Ref. 19) or (6, 6) + (6, 6)
(Ref. 20) under the group SU(3)xSU(3). It is im-
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portant to mention that the analysis made in this
paper, as well as the results obtained by Oakes®
and others® making a Cabibbo rotation [which is
a pure SU(3) rotation], are independent of the chi-
ral-symmetry transformation properties of the
Hamiltonian once Eq. (23) is assumed.??

To summarize, the existence of a common origin
for the strong symmetry breaking, represented by
the pion mass, and the nonconservation of strange-
ness in weak interactions, characterized by the
Cabibbo angle, would suggest the relation

H(6) =e~21%F7 f(6=0) 20F7 | (28)

In order to avoid a large strangeness-changing
term (~u,) in the Hamiltonian H(6), one has to re-
quire the existence of this term in H(6=0); other-
wise one has to accept the ad hoc assumption of
ignoring undesirable terms in H(#). The conjec-
tures €,4(6)=0 and m ,*(6=0) =0 give the result (27),
which is inconsistent with a pure chiral (3, 3) +(3, 3)
symmetry breaking. If the above suggested scheme

[i.e., Eqgs. (28) and (23)] is to be successful in gen-
erating the Cabibbo angle, then the Hamiltonian
must be more complicated than a single (3, 3)

+(§, 3) term. This conclusion is supported by a
recent report® discussing a7 s-wave scattering
lengths. The indications from 7*7~ = 71°7° results
favor rather larger values of aJ than those obtained
from a pure chiral (3, 3) + (3, 3)-symmetry-break-
ing Hamiltonian. This 77 problem, together with
the scheme suggested in this paper [which relates
the Cabibbo angle to the SU(3)-symmetry breaking]
may satisfactorily be obtained in a model where
the symmetry-breaking Hamiltonian transforms,
for example, as (3,3)+(3,3)+(8,8) or (3,3)+(3,3)
+6, 6) +(6, 6) under chiral SU(3)x SU(3).

The author is very grateful to Dr. R. Delbourgo
and Dr. J. H. Danskin for useful discussions, and
to Dr. J. Huskins for a careful reading of the
manuscript.
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