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ance of massless particles may similarly be
obtained if the two fields y, (x) and y, (x) are
both coupled to a third field A(x) which is in-
variant under the transformation induced by
Q l[Q, A(x)]=0). In this case we may define
fields

(x) =- q (x)A(x+z)
aye ay

and repeat the preceding arguments with

4~&z(x) replacing g~&(x). The conclusion is
that massless particles arise if the three-point
functions (0 I y, (0)y, (y)A(z) IO) and

(0ly, (0)cp, (y)A(z) IO) are not identical. The
three-point functions may in turn be expressed
in terms of two-point functions and vertices.
If the two points happen to coincide, any dif-
ference in the vertices still leads to massless
particles. Similar use of the freedom to choose
composite fields for the g's of Eqs. (I) and (2)
may be made in other cases to derive various
conditions for the appearance of massless par-
ticles.

The results obtained above are important
in connection with, among others, the attempts
to explain the p, -e splitting by spontaneous sym-
metry breaking. ' " Since the SU(2) group which
rotates between the p, and e fields is broken,
massless particles with quantum numbers of

p,+e and p, e+ should appear, provided our
conditions are satisfied.

The essential point to check is whether the
generator Q of the symmetry transformation
commutes with the Hamiltonian. The usual
way of finding commutators of products of field
operators at the same point is dubious as point-
ed out by Schwinger"; more careful procedures

must be employed. It should be noted that the
time independence Of Q is not guaranteed by
its being the space integral of the time com-
ponent of a conserved current. "
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By exploiting the algebra of currents accord-
ing to the method' suggested by Fubini and Fur-
lan, many interesting results2 have been obtained
recently. The present note will be devoted to
a study of the Ke3 decay.

The matrix element of the strangeness-chang-
ing vector current between K and m states is
expressible in terms of form factors defined

as

(s'(q') I[V (0)] Ilf'+(q))
1

=(2q '&2q I")-"'(& ([q-q'1')fq +q '1
c 0 + p,

++ (tq-q'1')lq -q '9,
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where we have used standard SU(3) tensor no-
tation. For Ke3 decay, only the form factor
I + is important. Although the momentum-trans-
fer dependence of the form factor F+([q-q']')
may be studied by dispersion theory, one can-
not, however, fix the value of F+(0), which
appears either as a subtraction constant or as
a scale factor. The algebra of currents, through
its nonlinear structure, provides' us with a
means of fixing the scale and hence allows F+(0)
to be calculated.

The algebra of currents we employ is that ob-
tained from the quark model. Denoting the vec-
tor and axial (pseudo-) vector current densities
by [V&(x)]k and [P&(x)]t, , respectively, the
corresponding "charges" are defined by:

(t)=i f d x[V (x)]

B (t)=if d x[P (x)]; gb=123. (2)
Xo

C/M =g 2M /G
2 N

C /M =g (M +M )/G
A

(7)

gg+ and ggA being the N and A P-decay axial-
vector renormalization constants. Using the
values gg =1.18, gg =-0.79, and (in the ab-
sence of any definite determination) the SU(3)
value of GK~A'/47r = 13, we obtain the effective
decay constant involving Cabibbo's factor' sin6y
(0.26):

where the various G's denote the indicated coup-
ling constants. Making the assumption that p
is coupled to a conserved isospin current, ' we
relate Gpg~ to Gp~~. The coupling constants

G&zz, Gg~~z and G&~& are fixed, respective-
ly, from the widths of p, K*, and ~. The pro-
portionality constants in Eq. (5) are given by

We shall first use the commutation relation

[B,'(t), B.'(t)] =~,'(t). (3)
f (0) =F(0) s-in6 = 0.20. (8)

Taking the matrix element of (3) between K+
and mo states we have

Q f(m'(q') IB '(t) In(k))(n(k) Ip '(t) IK+(q))

-(mo(q') IB '(t) In(k))(n(k) IB (t) IK+(q))]

= (w'(q ') IA '(t) I K+(q )).
1 (4)

is [P (x)] =(C /W2)~+(x),
p. p, 1

is [P (x)] 3=C K'(x),
p.

we obtain in the standard manner the following
sum rule:

C C 1 1
m K

G 2F+(0) =
M M ~ w~ KK M " K*Kw M

G 2

vKm

(M ~—M ~)(M ~-M ~) '

The sum over intermediate states on the left-
hand side will now be approximated by a p+ state
for the first term, and by K*(888) and w(725)
for the second term. Using partial conserva-
tion of axial-vector currents, 4 whereby

The experimental value7 for f+(0) is =0.16.
The contribution of K to the sum rule is not
crucial, being only about 5% for a K width of
about 10 MeV. We consider our result in sat-
isfactory agreement with experiment in view
of the approximations involved. '

On the basis of SU(3) symmetry and conser-
vation of vector currents (CVC) for the pionic
form factor involved in the me3 decay, one ob-
tains'f+(0)=0. 13. Our result (8) is somewhat
larger than this value, but should not be regard-
ed as implying departures from the Ademollo-
Gatto theorem, ' in view of the approximations
made in the analysis, especially since not all
the parameters involved are known accurate-
ly from experiments. On the contrary, the fact
that our result is reasonably close to the ex-
perimental value is indicative of the efficacy
of the current algebra approach and shows that
the approximations made are fairly reasonable.

Instead of calculating the value of F+(0), as
done above, one can directly relate K~3 and K~p
amplitudes using the algebra of currents. This
relation is very interesting since it is exact,
excepting for the usual continuation of the squared
four-momentum of the m' to the value zero (the
so-called "zero-mass" pion continuation).

For this purpose we employ the standard re-
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duction technique so that the matrix element

(m'(q') out IA, '(0) IK+(q) in)

-i q'x
d' . ..M '-

x (0 I e(x,)[m'(x), A, '(0)] IK+(q)). (9)

w)3 and Tt t 2 form factors:

F ( M-)=2(M /C )g

Equations (15) and (16) imply that

[F, F-]/F. =-.Z/Z
(7r) ~ (&)

(16)

(17)

Because of the appearance of the causal com-
mutator, the right-hand side of Eq. (9) may
be continued to the unphysical value q'=0. In-
tegrating by parts and continuing to q'=0, we
obtain

lim (2q 'V)"'(w'(q')IA '(0)IK+(q))
q'-0

= (M '/C )(0l[B '(0)-B '(0),A '(0)]1K+(q)), (10)

where we have used the following relations in-
corporating partial conservation of axial-vec-
tor currents:

B. (0)= fd x 6(x )8 [P (x)].0 p p.

C
7t 4 2

d xe(x )m. (x).

The term B&~(t =+~) will not contribute here
because of the unequal masses involved in the
matrix elements. " Using the commutation re-
lation of the charges,

Neglecting F, Eq. (17) is identical to the re-
sult of Cabibbo with 9V = 8A derived using SU(3)
symmetry. ' Our derivation of (17), of course,
makes no use of SU(3) invariance at all. It is
remarkable that our result agrees with the SU(3)
result excepting for small terms arising due
to SU(3) breaking. One knows that the vector-
current renormalization is very small; our
result then implies that also the axial-vector-
current renormalization is small. This situ-
ation is perhaps understandable in view of the
assumption of a "zero-mass" pion, whereby
the strangeness-preserving axial-vector cur-
rent is strictly speaking "divergenceless. "
This may imply a generalization of the Ademol-
lo-Gatto theorem, ' so that the strangeness-chang-
ing axial-vector current may acquire renormal-
ization only as a second-order W, [chiral SU(3)
I8I SU(3)] symmetry" breaking effect.

Prom Eq. (15) now, neglecting F, we may
calculate the ratio of the decay rates K83 and
K 2. Using the value gA& = -1.18 with Eq. (7)
for C~, we obtain

[B (t),A (t)]= .& B-5 B.. ,j 'l =j 1 l j' (12)
1 (K +)/1 (K +) =0.13,e3 p2

(18)

This relation is essentially an analog of the
Kroll-Ruderman theorem. " The matrix ele-
ment on the left-hand side is related to K~3
decay according to Eqs. (1) and (2) and that
on the right-hand side is related to the matrix
element relevant for K~2 decay, namely

«l[p (0)] 'IK+(q))=(2q V) "'W .

The decay K~2 is characterized by the constant
g. Hence, Eq. (13) leads to the relation

F (-M 2)+F (-M ')=(M '/C )g. (15)

Similarly, one may, of course, also relate the

we obtain the result

lim (2q, 'V)' '(m'(q') IA, '(0) IK+(q))
q'-0

= -(M /C )(0 IB (0) IK+(q)). (13)
F w 1

which is in reasonable agreement with experi-
ments. " From Eqs. (8) and (15) we also obtain
the value of $=F/F+. to b-e =-0.35. In view
of our approximations this is at best a crude
estimate.

The relationship of Eq. (15) to an SU(3) cal-
culation can be seen more explicitly by use of
the following commutator:

[2 ' ~(B„'(t)—B 2(t)j,A, '(t)]= 2 '~2B~~(t). (19)

Taking the matrix element of (19) between K+
and vacuum states, and using only a single-pion
intermediate-state contribution, we obtain in
the standard manner, in the limit of conserved
strangeness-changing vector current,

K m' C M +M+ K m C qM +M)

In the SU(3)-symmetry limit A, ' (being an

SU(3) generator) becomes time independent
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and the only intermediate state it connects to
the K+ state is the wo. Thus in the SU(3)-sym-
metry limit (My = M~), we find

(21)
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In the study of the reactions

P +d - Hes+ 2m

and

P +d H + 277,

(la)

(ib)

7T +P ~PZ +7T +7T (2)

Abashian, Booth, and Crowe (ABC)' observed
a peak in the momentum distribution of He3,

which was subsequently interpreted as a strong
~-wave I=0, 7T-7T scattering-length effect. We
have completed an experiment in which we mea-
sured the differential neutron time-of-flight
distribution from the reaction

at a 7T laboratory kinetic energy of 378 MeV,
to look for this effect.

We measured the neutron spectrum at 45 deg
(lab) in coincidence with the y rays produced
in Reaction (2). The experimental setup is as
shown in Fig. 1. Negative pions, produced at
an internal target of the 184-inch cyclotron
were momentum analyzed and focused on a 3-in. —

diameter by 10-in. -long liquid-hydrogen target,
which was completely surrounded by scintilla-
tion counters. The pion beam was designed
to have less than +1.5 deg of angular divergence.
14 liquid-scintillation neutron counters and
six lead-scintillator sandwich counters were
used to detect the neutrons and 7T'-decay y rays,
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