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is the cause of the particular interest in experi-
ments on measuring the polarization at high en-
ergies.

(4) Spin correlations between the different
particles in nucleon-nucleon and nucleon-anti-
nucleon scattering are absent.

(5) The spin flip of polarized particles or tar-
gets at fixed ¢ is the same for the cases of 7-N,
K-N, N-N, and N-N scattering. (Including A -
hyperon-nucleon scattering, one can show that
the spin flip of target nucleons ought to be the
same.) A test of this result should be one of the
most decisive tests of the whole conception of
moving poles.

In conclusion we should like to thank V. B.
Berestetsky, I. I. Lewintow, L. B. Okun’, and
I. M. Shmushkevitch for useful discussions.
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This note suggests a rough combined test of
the decay mechanism for the n meson proposed
by Gell-Mann'! and by Gell-Mann, Sharp, and
Walker,? and of the adequacy of the pion pole ap-
proximation in K - 37 decay proposed by Bég and
DeCelles.®

In references 1 and 2 it is assumed, as now
appears to be well substantiated,* that the 1 mes-
on has the same quantum numbers as the 7°, ex-
cept that it is an isotopic singlet. Therefore
decay into two pions is forbidden by reflection
invariance, and decay into three pions can pro-
ceed only by the interposition of two virtual
electromagnetic interactions in which the isospin
changes from 0 to 1 and the G parity from +1 to
-1. (Decay into four pions, though allowed by the
quantum numbers, is impossible energetically.)
Hence the 3m modes compete on a comparable
footing with various radiative modes. It is then
proposed®»? that the 1 decays predominantly by
a primary strong dissociation into two virtual
vector particles, which for definiteness we take
to be p’s. This is an intrinsically reasonable
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model even without reliance on the resonant
nature of the p; if we picture the n as a bound
state of four pions, the simplest coupling scheme
that can realize its quantum numbers does in-
deed correspond to two I=1, J=1 pairings in a
P state relative to each other. Qualitatively, the
2y and y71* 7~ modes are ascribed to the subse-
quent electromagnetic processes: both p’s >y
or one p-y and the other 1T, However, the
only definitively established charged mode,
17+1r"7r°, is not catered for with equal immediacy.
On this model, the simplest diagrams for the 37
modes are those shown in Fig. 1. For the follow-
ing argument it is immaterial what succession
of vector propagators is substituted for the in-
ternal line along which the electromagnetic cou-
pling takes effect. Thus in Fig. 1(b) the p-w line
with its black box, which is of order e2, could
be replaced by a p-y or a y line, and in Fig. 1(a)
the p-v line could be replaced by a y line.

This model clearly makes it impossible to
form a reliable estimate of the ratio of the 37
to the other modes, since only the former in-
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FIG. 1. The two simplest diagrams for 7—37 on the
model making n—2p the primary process. Dashed lines
represent pions.

volve (cutoff-dependent) closed loops. In par-

ticular, the neutral:charged ratio [presumed to
be essentially the (37° and 2y):(nt7"1°) ratio] is
not open to rational interpretation without con-
siderable special pleading.

The purpose of the present note is to show that
nevertheless one can subject the model to a rough
experimental check by exploiting the Dalitz plot
for nsnt7~m°% First we show that in the light of
the data, the mechanism of Fig. 1(b) cannot be
dominant. To see this, we neglect the structure
due to the denominators of the internal lines,
and take into account only the minimal structure
introduced by the momentum dependence that the
individual vertices must have by virtue of Lo-
rentz and gauge invariance. The actual ampli-
tude will then equal this minimally structured
expression multiplied by some invariant form
factor. It turns out that the invariant amplitude
corresponding to this diagram, when properly
symmetrized, is proportional to

E =[2(n-m)@*n7)- (q-7*) (@™ 7°) = (- 77) (@ - 7°) ).

1
In (1), the letters on the right denote the four(- )
momenta of the corresponding particles. Below,
My and u are the n and 7 masses. Expressed
in the 7 rest frame in terms of the coordinates
of the Dalitz plot, T=kinetic energy of 7°, 8T
= energy difference between 7*, |E,|2 becomes

1E,I2
= (Mn/Z)z[(Mn-3u—3T)(Mnu + p2+MnT)+Mn(6T)2]2.

@)

This, i.e., the density of the Dalitz plot, vanishes
at the symmetric point where the three pion en-
ergies are all equal; even after integration over
6T, it leads to a distribution of events which

dips practically to zero around 7'=0.35 u, and
peaks sharply both below and above this region,
in clear contradiction to the data.*

Therefore we go on to ask whether the other
alternative mechanism, that of Fig. 1(a), gives
a more sensible prediction regarding the Dalitz
plot. Note that here the dominance of the single-
pion intermediate state, which is now under ex-
amination, is a highly specific consequence of
the model which makes n-2p into the primary
process. No other simple model that we have
investigated® makes this state important. The
relevance of this remark will become clearer
in our last paragraph.

At this point we recall the suggestion of Bég
and DeCelles?® that the single-pion intermediate
state dominates likewise in K - 37 (7 and 7’) de-
cays. Although this state is reached by very dif-
ferent mechanisms in 7 and K decay, we see that
the structure (momentum and isospin dependence)
of both is given by the same function of the co-
variant Mandelstam-type variables and of the
mass M of the virtual pion (i.e., the mass of
the decaying particle). This function is in prin-
ciple obtainable from the 77 scattering amplitude
by analytic continuation not only in the Mandel-
stam variables, but also, necessarily, in one of
the external masses. In practice, continuation
in the external mass is a hazardous undertaking,
because it is known®:” not only that the amplitude
has a singularity in M at the external instability
point M =3, but also that its analytic properties
as a function of the Mandelstam variables are
very different in the stable and unstable regions.
Therefore it is difficult to make watertight argu-
ments from 77 scattering to the structure of
these 37 amplitudes, even where such inferences
have a certain theoretic®® or empirical® plaus-
ibility.

It appears quite reasonable, however, that
once the external mass is well onto its branch
cut, the dependence on it becomes fairly weak.
Thus we would argue with some confidence that
as a first approximation one can neglect the
change in the structure of the amplitude as M
varies from the K to the n mass (3.54u to 4u)
even in the otherwise unfavorable contingency
that the change from M =pu to M >3 is consid-
erable. The precise meaning of this hypothesis
will be made clearer below. Then the , 7, and 7’
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amplitudes are just different isotopic projections
of the same function, apart from a constant fac-
tor depending on the mechanism whereby the
single=-pion state is reached, which will be dif-
ferent for K and . We write this function in the
standard way® as

A(sa’sb’sc)opabﬂy +B(sa, Sy sc)GpBGay

+c(sa’sb’sc)6py6a6' (3)

In (3), p is the isotopic index of the virtual in-
termediate pion, k4, kp, and k. are the four-
momenta of the final-state pions, and «, 8,y
their isotopic indices; and s, = (kp+k,)?, etc.
Then

sa+sb+sc=M2+3u2, (4)
and, as argued above, all further dependence on
M is neglected. By this we mean that the coef-
ficients of the three Mandelstam s variables in
A, B, and C are taken as independent of M [in
particular the constant ) introduced in Eq. (9)],
except insofar as the constraint (4) may be ap-
plied. This is to be true at least as M varies
from Mg to My. A, B, and C have the symmetry
properties:

A(sa,sb,sc)=A(sa,sc,sb)

=B(sb, sa,sc)=C(sc,sb,sa). (5)

In particular A=B=C when s;=sp=5,=5
=(M2+3u2%)/3. For 7 and 7’ decay we identify
k. as the momentum of the unlike pion; for
n-7"1"1° we let k; be the 7° momentum. Then
the invariant amplitudes are

E =f,:C, (®)
E_=f,(@A+B), Q)
E_,=f,C. )

Here, f_ and fx are constants.

To a good first approximation, confirmed both
by experiment®1° and by calculation, ! it is pos-
sible in the physical region to take A, B, and C
as linear functions each of only a single variable:

C=D[1 +Als, =5l (9)
In (9), D and X are constants; for a first orienta-

416

tion it is legitimate to take x as real.’! Setting
w=1 (M ~4), one has from the K data®!° the ap-
proximate value A=0.185. For n-7"7"7° this
leads to the following prediction in the 7 rest
frame:

En= D{1+ A[zMn2/3- 2Mn(1 +T)]}

=D[1+(8/3)(1-3T)],
~ constant x (1- 7). (10)

We see that in this linear approximation E n is
the same function of (7t +77)? as is E 5 of

(m°+m, )% A direct comparison of these ampli-
tudes would serve as a test of the dominance of
the single-pion intermediate state in each, sub-
ject only to the uncertainty introduced by the
continuation in M as discussed above.

Preliminary data* on the 1 - ntr~7° Dalitz plot
do indicate an appreciable thinning for high T,
though actually they are more suggestive of ap-
proximate constancy for low T followed by a
fairly rapid falloff. [Such behavior could result
from an admixture with appropriate phase of
some of the amplitude (1) to the dominant ampli-
tude (10).]

Lastly we underline that even a qualitative in-
dication of an appreciable falloff for increasing
T is quite an achievement for a theoretical model,
because the final-state interactions by them-
selves (i.e., without the influence of the single
intermediate pion) would lead to precisely the
opposite prediction, if we accept the current
notions'?:!® that the I=0 77 scattering length is
large and attractive while the I=2 scattering
length is small and probably repulsive. Such an
interaction would tend to bunch the charged pions
together, giving the 7° more than its statistical
share of recoil momentum.

We are grateful to Dr. C. Kacser for many
valuable discussions.

*NATO Fellow. On leave of absence from the Mid-
western Universities Research Association, Madison,
Wisconsin.
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We would like to point out that a particle decay-
ing into pions may decay, with the aid of electro-
magnetic interactions, principally into two pions
in its charged state and into three pions in its
neutral state:

§i+2ﬂ,
£° - 3m.

We suggest that the 7°,! previously identified as a
T =0 particle, be identified as the ¢° the neutral
component of the £.2 What is required?® is, at
least, that the ¢, which is a T =1 triplet in the
presence of strong interactions, have odd spin
and parity with even charge parity for the ¢

C¢°=¢°, (J,P,o0dd), 1)

or even spin and parity (with J >2) and odd charge
parity:

Cel=-¢° (J=2,P,even). (2)

The charge parity eigenvalue is a constant of the
motion in the presence of electromagnetic inter-
actions, while according to the generalized Pauli
principle for a 2-pion system

J
C=(-1)".
Thus ¢° decay into 27 is forbidden. This charge

conjugation argument does not apply to a charged
system.

According to the relation G=C(-1)T for a neu-
tral system, the ¢, of whatever charge, has, in
the presence of strong interactions,

even
G=z1 for J(odd ),

and in the presence of strong interactions the ¢
could thus be described by a model of 3 or 4 pions
in the J odd or even cases, respectively.* There
are a variety of configurations one could adopt for
these 3- and 4-pion systems so that detailed cal-
culations would be very speculative.

Let us concentrate on the perhaps most inter -
esting case (1) with JP=1". In the presence of
electromagnetic interactions we can state that the
neutral ¢ cannot decay into 7 +y:

£° > 1%+ forbidden,

because the photon has odd charge parity. Also
t°~2y is forbidden. Experiments! have indicated
that the branching ratio in 7° decay, R =all neu-
tral/n*7=7°, may be larger than £, the maximum
allowed for (37°)/(atn~7° for T=1. We have to
assume here that R~ £, or that 7°+ 2y decay is
competitive with 777~7° decay. Neither possibil-
ity can be ruled out at present. Meanwhile the
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