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neutral pions).

The simplest matrix element for the case 17t
requires that the population of the Dalitz plot
tend to zero along the T o axis and the boundary.
Similarly, for the case 1** one would expect a
vanishing population at T 0=0. Again with lim-
ited statistical significance, the Dalitz plot in
Fig. 3 does not favor either of these possibilities?

We conclude that our results are most consist-
ent with the quantum numbers 0~ for the 7 (these
are the same as the quantum numbers of the x
meson introduced in the “eightfold way” of Gell-
Mann®). Statistical limitations and background
do not permit us to rule out the case 1~ with
certainty.
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51f n is 17~ (like w) then the following comparison
suggests that its width should indeed be much less than
our 7-Mev upper limit, It is known that I' , <24 Mev,
and I'« IEngD;,lZQ2 [the matrix element M is propor-
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Pevsner et al. have reported the existence of
the n meson (mass 550 Mev) produced by 1.23-
Bev/c positive pions on neutron targets in deu-
terium?:

17 +n(+p) = p(+p) +1°. @)
The 7° then decays by its charged mode:
0y gt 4=y 0
Mo T +77+T +135 Mev. (2)

The 7 is also produced by?
K +p-A+1n° 3)

It is observed that the 7° has a width I" <15
Mev and a neutral decay mode, which in fact is
the dominant branching fraction. This is, the
charged branching fraction f¢},° is less than %,
where fop%= (n° - 71t7771%/(all modes). As dis-
cussed by Bastien et al., this means that radia-
tive modes must be present in ° decay.? From
reaction (3), we see that 7 can have only isospin
0 or 1. The purpose of this Letter is to rule out
I=1.

Using the impulse approximation, the Hulthén
wave function for the deuteron, and the experi-
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mental cross section for the sequence of reac-
tions (1) and (2), Pevsner et al. calculated the
cross section for the reaction

n++n->p+nch°. 1)

They found o(n°Yf op® = (150 £ 30) ub.® If we assume
fen’<3, it follows that o(r*+n =p+1°) is greater
than 3(150-30) pub=360 ub.

To rule out /=1, we now postulate that n is an
isospin triplet: #,*,7,° %,”. Then it must also
be produced on proton targets by the reactions
7t +p - p+7* induced by pions of the same mo-
mentum,* and a triangle inequality requires

[o(n, ") 2+ [o(n, ") 12 = [20(n,°) 2= (2 X 360 ub)V2,
(4)

The final state p + * will produce events with
both two and four visible prongs, since 5t can
decay into three charged particles (branching
fraction fsi) or into one charged particle plus
neutrals (f,*).

We have used data from two-prong events made
by 1.25-Bev/c 5

7% +p « p + 7% + neutrals, (5)

and have looked for a peak near 550 Mev in the
mass spectrum of (¥ + neutrals). In studying
the p meson, we previously obtained a sample
of 3200 mainly inelastic events of the type (5)
yielding a slow proton (pja}, <400 Mev/c).

About one-fifth of the  mesons of Pevsner
et al. are associated with protons with p},;, <400
Mev/c now the triangle inequality (4) applies
at all production angles. Thus, in terms of par-
tial cross sections ¢’ for slow protons, Eq. (4)
becomes

Lo’ (m, ") 2+ [0’ (n, ") [¥2 = [$0(n,%) ]2 = (144 ub)¥2,

(4)
Since the dominant decay mode of 7° is radia-
tive (,°+7m%+y, y+y, etec.), it seems likely that
the charged n decays with a branching fraction
fi¥>4%. For simplicity, we shall assume this here;

below we show that the assumption is not neces-
sary. Assuming ff >%, we must find

o', £, %) 12+ (07 (0, 7,2) 12 > (72 wb)2. (47)

Among our 3200 two-prong measurements, we
found =350 that would not fit single 7° production
(or elastic scattering) and hence must be mainly
reactions such as

TE4p o p+1E+ 270,
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or else might correspond to
T 4p ~p . (6)

Integrated over all (n+ +neutral) masses, the
total cross section o’(7* + neutrals) is 160 b,
and o’(7” +neutrals) is 71 yb. These events dis-
play a smooth mass spectrum, as one would ex-
pect for 7% +27° Our mass resolution is +11 Mev.
In the region 550+ 16 Mev, we find (8 v8) 7™
events, representing 5.4+ 2 pb. This sets the
scale for our estimate that we would have de-
tected a superimposed peak of 6 ub among the

* events. Similarly, we find (2+v2) 7~ events
(1.2+1 ub), and would have noticed an extra 3
ub. Thus we find

o' %) 12+ [ o' (n, 7, 5) 2

< (6 ub)“?+ (3 ub)“2=(16.4 ub)v2, (4''7)

This is in evident contradiction to Eq. (4’'),
which was based on the postulate that the 7, had
isospin 1.

Next we drop the assumption that n decay is
dominantly radiative. (For instance, if 5 is a
spinless meson, the mode 1+ 7+ is forbidden.
Then 7n° could decay radiatively into two gamma
rays, but 77* might decay entirely into three pions.)
If three-pion modes dominate, it can be shown
that, for any spin assignment, our experiment
loses sensitivity only by a factor of three, so
I=1 is still ruled out (see Appendix).

It should be pointed out that Prowse et al. have
done a similar experiment looking for the other
() decay mode of n,* and have failed to find it.®
These two experiments, taken together, seem to
exhaust all possibility that the n meson has iso-
spin 1.

We wish to thank Professor Aihud Pevsner for
helpful discussions and to acknowledge the co-
operation of Professor L. W. Alvarez and mem-~-
bers of his group. The data were taken in the 7t
beam of Professor F. S. Crawford, Jr. We also
wish to thank Professor Murray Gell-Mann and
Dr. R. W. Huff for helpful discussions.

Appendix. Let us consider the situation if the
charged 7 does not decay via a y ray. Since the
@ value for n—~37 is only 135 Mev, we assume
that this mode will dominate only if it is allowed
by G parity. Then isospin will be conserved. We
must then discuss the three possible three-pion
states, J=0", 1%, and 17, all with I=1.

First we d1scuss J=07. (Apart from @ value,
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this is the familiar 7 meson.) Its isospin state
is mainly the symmetric vector,

=Ty T+ ol 7) + 7y P, )

—-» + -— 0, 0 - + LU LU
SN CAE MRS A AL S A Sl EEERE LRI

Collecting all these terms (some cancel), we

can calculate the branching fractions fcp° for the

n,%

fcho =ntr=n®/(tnn%+1%1%1°) = §

and f,* for the n,*:
f =ntotn 7 @tn n-+ﬂ+n°n°)=%

Thus, in their four-prong events, Pevsner
et al. see two-fifths of all 0~ 7 events produced;
in our two-prong events we see one-fifth, i.e.,
our sensitivity is half as good as theirs, whereas
for the radiative assumption our sensitivity was
three-halves theirs. They see o(n°)f.,°=150+ 30
ub, so their partial cross section associated with
slow protons 0’(1;°)f.;,° ch 18 30£6 pb. Our sensi-
tivity being half as good as theirs (f1*/fop°=%),
we expect 0’(n,%)f,¥ =15+ 3 ub. Inequality (4")
then becomes

[o"(ny*f,5) 142 + [0" (n, £, %) 12 > (30 6 wb)™2,
which is again in contradiction to Eq. (4’’').
Some added radiative decays will only increase
our relative sensitivity.

Next we discuss the 1* states. These can have
some component of the isosymmetric form fs,
but there will also enter one of the nonsymmetric
form, of which a typical term is

TN= iy X (Ty X ) =, ({y» Ty) =Ty (T, 7).

In the total rates, the Iy, and Ig parts will not
interfere, since they are associated with differ-
ent spatial symmetries. Since IN is antisym-
metric in one pair of pions, it can contain no 37°
component, and its branching fraction fch° is
100%. Collecting terms, we find fs 3. Thus
again our sensitivity compared to that of Pevsner
et al. is one-half, regardless of which isospin
states are present, and again 1* states (I=1)
are ruled out.
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