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of the form I'[m ~ (s))I' [n-n (t )j/I'[m+ n-n (s)~ ( t )),
m and/or s & 1) because (a) the lower order terms are
more important at low energies which the zero-mo-
ment sum rule emphasizes, and (b) Bsz is more sensi-
tive to these corrections than is &st. In fact, for s

with e (s ) + n ( t) fixed, the so-called "lower order"
corrections to gsz diverge faster than the leading beta
function. It is necessary to sum an infinite number of
them to get proper Regge asymptotic behavior. See
Stanley Mandelstam, Phys. Rev. Letters 21, 1724
{1968).

~The tu box is just the real Regge term in nonreso-
nant channels, discussed by H. Harari, Phys. Rev. Let-

ters 20, 1395 (1968).
Presumably nonbox amplitudes would be required

when unitarity corrections would be incorporated into
the model, since the vacuum "trajectory" contribution
does not have the quark loop structure. Nonbox ampli-
tudes might also be required when the nonet symmetry
is broken to SU(2). Even in the SU(2) limit the finite-
energy summable part of the amplitude must have the
quark loop structure (with broken-symmetry quarks);
however, there could be appreciable nonloop correc-
tions (necessarily superconvergent) which shift reso-
nance positions and residues from their nonet symme-
try values.
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We show that the Hamiltonian suggested by Gell-Mann, Oakes, and Renner can be ob-
tained as a spontaneous breakdown of chiral SU(3) SU(3) symmetry.

It has been recently suggested ' that the phys-
ics of strongly interacting particles can be better
understood as a breaking of chiral SU(3) I3SU(3)
rather than SU(3) symmetry. A specific model of
this breaking has been analyzed by Gell-Mann,
Oakes, and Renner. ' The basic assumption is to
write the strong-interaction Hamiltonian in the
following form:

H = Ho+ e(so-v 2 Qs),

where H, is invariant under SU(3) SSU(3), and
the scalar u; (i = 0, ~ ~, 8), together with the cor-
responding pseudoscalar partners vt. (i =0, ~ ~ ~, 8),
belong to the representation (~3 3*) (3 ~, 3) of
SU(3) SSU(3).

In this note we want to point out that Eq. (1}
may be understood as a dynamical breaking.
More specifically, we will show that SU(3) 8SU(3)
symmetry breaks spontaneously along the direc-
tion u, -v 2 u„and that an effective Lagrangian
function can be deduced containing a breaking
term which belongs to the representation (~3 3*)
S(3*,3) of SU(3) SSU(3).

Let us denote by 2 a function which describes

the system of strongly interacting particles. It
may be the S matrix, or the Lagrangian, or the
Hamiltonian. Just for definiteness we shall call
it the Lagrangian. Let us assume that J is fully
invariant under SU(3) SSU(3). The occurrence of
a spontaneous breaking is equivalent to the exis-
tence of stationary points of 2 other than the ori-
gin. 4 In order to show that, we have to express
2 as a function of the "fields. " To this purpose,
we introduce the "elementary" fields u;, v; (i=0,

, 8) which transform according to the repre-
sentation (3 3*}$(3*,3) of SU(3) C3 SU(3) symme-
try. They may be regarded as mathematical ob-
jects in terms of which one may construct the
representations of SU(3) I3 SU(3) without neces-
sarily implying a physical interpretation for
them.

It is convenient to introduce the notation

(2)

where
8

U =~ Q (x.u, )
i=o
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and all other notation is as in Ref. 2. Then Wp
+ transforms according to the representation (~3 3*)

and W ~ according to (3*,3).
The most general 2 depending on these fields and invariant under SU(3) I3SU(3) will be a function of

the invariants which can be formed by means of W . It is not difficult to see that there are only
four independent invariants. We will choose the following ones:

+~ -p 2
S =W W =TrV +TrV,
2 p

+~ -P +y -g 4 4 22
I = W W "g 8 = TrU + Try +4TrU V -2TrVVUV;

P y 5 a

I'=-,'~ ~"""(w' w 'pw "+w w pw y)=~ .'"'(v v pv'-3v v pv');
3 aPy X p, v A p v cIPy A p v A g v

S = —''e e (W W PW -W W W ) =e & (V V V -3V V V ) (3)
3 o.Py X p, p X p, v ePy A. p v X p, p

sc/sv =o; sz/sv =o.
CY Q

(4)

In order to have a stability point (which plays
the role of the vacuum) invariant under parity,
and consequently a parity-invariant theory, we
will look for solutions of (4) such that

V =0.

In this case we have

(sZ/sS )-=O,

as by conservation of parity J must be an even
function of I,

Hence the first of Eqs. (4) takes the following
form:

2'~V '4'~V PV 'V '
BI2 n BI4 y 5 e

82 ppV IT T+3 +e e U U =0,
8 I3 Q'GT p V

the second one being identically satisfied.
A solution is

Q
U =q 10, the remaining U =0;

Clearly, together with (6), all the points which
can be obtained from this by SU(3) I3SU(3) sym-

Now we have to see whether there are stability
points 8' for g other than the trivial one 5' =0,
which does not break the symmetry. Therefore
we will look for a solution of the equations

!
metry transformations [i.e., the points of the
"orbit" of (6) ] are equivalent solutions. The
original Lagrangian being invariant under SU(3)
3SU(3) cannot fix the coordinates in SU(3) I3SU(3)
space. Ne will thus choose them in such a way
that the stability point may be given in the form
of (6).

The other solutions not belonging to the orbit
of (6) will be discussed later.

The result that SU(3) ISSU(3) symmetry breaks
spontaneously according to the direction U= U,

'
-u, -v 2u, has some interesting consequences. It
fixes the residual invariance of the theory as the
chiral isotopic symmetry SU(2) I3ISU(2). This is
the analog to the result that SU(3) breaks sponta-
neously in the direction of the hypercharge. '

In order to get further information about this
breakdown, we must face the general problem of
describing a spontaneously broken symmetry by
means of an effective Lagrangian which explic-
itly exhibits the symmetry breaking. A simple
and plausible prescription is to write

cC
ff cC0 gg

where 2' breaks SU(3) ISSU(3) symmetry but still
preserves the residual isotopic SU(2) I3ISU(2) in-
variance. However, this does not seem to us to
be a complete answer to the problem as it still
leaves undetermined the representation to which
2' belongs.

Therefore we will adopt the following prescrip-
tion: %e will expand the original Lagrangian in
the neighborhood of the stability point (vacuum)
up to second order. This will provide us with an
effective Lagrangian with known transformation
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properties. By introducing

we get

SZ, a P o. P 282 3 n 3 n 2aZ, 32 32
Z= Z(U, V)+—(8, 'tt +'U 'U )+4' —(~ ~ +'U 'U )+2@ —[(tt ) -('U ) ]8I P e P n 8I o. 3 a 3 8I 3

2 &Z 2 &'2 4&Z 32 s& pu3 & 5

where the derivatives are calculated at the sta-
tionary point given by Eqs. (6).

The new Lagrangian eff consists of an invari-
ant term, plus the following noninvariant terms:
(1) +1 it~ +3 +U ~ U3, which transforms' as
an element of the representation (108, 1) (1,
8 1), (2) &,- ('Its )s and &s - ('Use)', which trans-
form as elements of the representation (18,
1S8) (6, 6~) 8 (6*, 6), and finally a term (3) &4- s~~3spg3+pcsitoP -'Up&'Uou), which behaves
just as the component Use-uc-v 2us of the repre-
sentation (3, 3*} (3*,3).

It is interesting to note that &~ occurs in &eff
with a coefficient which is completely indepen-
dent of the coefficients of the other terms. There-
fore, depending on the form of the original ,
one could make the terms » » &, very small
(even zero) without affecting &~. Up to now, it
is not very clear' whether the representation (3,
3*)8 (3*,3) is dominant with respect to the rep-
resentation (1, 8)I (8, 1), mainly because the ef-
fect of a term transforming like the representa-
tion (1,8) (8, 1) does not affect the presently
available experimental data sensibly. It is inter-
esting to note that in the spontaneous-breaking
scheme, the representation (1, 8) (8, 1) occurs
with the same weight as the representation (6,
6~) 6i (6*,6). This last would give rise to cur-
rentsl with T= 2 and ~= 2. In order to avoid this,

the representation (3, 3~) S (3~, 3) must be domi-
nant with respect to the others, or equivalently,
S&/S&s must be different from zero and larger
than the other coefficients. In this case, the only
surviving solution of Eq. (5}, besides the one
considered up to now [Eqs. (6)], is u, & 0 (and the
remaining u;, v; = 0}, corresponding to the usual
SU(3} invariance.

Vfe are indebted to Professor E. Fabri and
Professor L. A. Radicati for useM discussions.
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SThis can be immediately seen in terms of the W .


