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In the past year, several experimental groups
have reported' evidence for the existence of peaks
in the Q-value plots of multipion systems produced
in different ways. One plausible interpretation of
such peaks is that they are due to the production
of new particles, elementary or otherwise„which
decay rapidly into @e pions actuaBy seen. Indeed,
in some models of the strong interactions, ' such
particles are specifically predicted.

%'hile the existence of a specific case of such a
particle has been recognized by its decay into a 2-
pion or 3-pion channel, it is well to remember
that the decay mode by which a particle is recog-
nized may not be its dominant decay mode at all.
It is the purpose of this note to point out that this
may well be true for the two reported mesons with

T =0 and probably J= 1, which have been recog-
nized by their Sm "decay modes. " The fact that
the 3w mode is probably not dominant for these
particles may lead to a clarification of some re-
cently rumored experimental data.

%e have computed the partial widths for decay
into various channels of the two T =0, J= 1 mes-
ons, called qo and ~, with masses m&-550 Mev
and m~ -790 Mev. The calculations done are all
elementary. %e assume that the matrix element
has the simplest form consistent with the reported
spin and parity assignments, neglect final-state
interactions, and evaluate all strong dimension-
less coupling constants by g'/4v = 1. It is to be
expected that such a calculation will give the cor-
rect order of magnitude, and that the qualitative
features that emerge would persist in a more ac-
curate calculation.

I et us first consider the Sm modes. The matrix
element for the decay is

p ip 2p 3

(16QP~(dm(d~tB)

Here g is a dimensionless coupling constant, R
is an unknown radius characterizing the decay,
p' are the 4-momenta of the pions, which must
be m+, m, mo, and m is the mass of the decaying
meson. The decay rates (or widths) obtained
from this are

R m
m R )'9 0, =(m R )'kev, (2)

g m
r = "(tn R ) 3

—(m R )'x500kev. (3)
3w 4g g ~ 103 m q

To obtain these, we have treated the pions as
relativistic in the e decay, and as nonrelativistic
in the q decay. For the radius R, it seems rea-
sonable to take a value of about I/3m„, which is
the lowest mass that can occur in intermediate
states. ' Kith this R, we get

I -30 kev,

I' -1 kev.
n 3' (5)

~P& =(~p& -&~~&)/(I+&')~,

I ~& = ( I (u& + x I p&)/(I + i')"'.
(6)

(I)

Here X is a mixing parameter which depends on the
rate of electromagnetic transitions between p' and
~', as well as on the mass difference of p and e.
Glashow has estimated that X may be about $. The
states p and cu will have mass distributions sepa-
rated by some amount Am, and widths related to
their decay constants I"-, I'—in the usual way.
They will not have well-defined isotopic spin and
so the strong production reactions must be ana-
lyzed in terms of p and ~. The same is true for
the decay into a particular isospin state, such as
2m or 3w. In order to determine the time develop-

These anomalously small partial widths are the
result of the strong momentum dependence of the
matrix elements (1), which is required by the spin
and isospin assignments of the ~ and q. No *'higher
symmetry" of strong interactions has been assumed
to get them. Indeed any such symmetry is likely to
be strongly violated by mass differences.

In view of the small values of I'3z it is very un-
likely that these are the dominant decay modes. It
is therefore necessary to investigate other modes.

For the co meson, one such alternate mode is
provided by a mechanism suggested by Glashow. '
He has pointed out that the existence of a p' mes-
on, with a mass near that of the co and the same
spin and parity, will lead to an enhancement of the
virtual electromagnetic effects which would allow
the ru to decay into 2m. Specifically, the states
which will have well-defined lifetimes will be lin-
ear combinations of e' and p', which may be writ-
ten as
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ment of the decays of a meson produced as an ro,

it is necessary to first express ~ in terms of e, p
to find the wave function at any time, and then
re-express Q, p in terms of ~, p in order to com-
pute the decays into a particular channel. A sim-
ilar situation exists in the K'-K complex when

there is a selection rule such as AS =b,Q operat-
ing. However, in that case the "particles" K„K,
are eigenstates of CP, while in this case the P, (d

do not differ in any obvious internal quantum num-

bers, and their physical significance is only that
they are mostly p', or mostly ru'.

Such an analysis has been done for states which

on production have a mell-defined isotopic spin.
These states may be produced by specific reac-
tions, such as

/+pl ~d+p ~

d+d ~ He'+ (d'.

(s)

(s)

We find for the time dependence of a state which
is pure T =0 at production, which we call I ~(t)),

I ~(t)) =,[exp(im t - I' t/2) + x' exp(im t - I' t /2) ]
I (u)

1+4 (d CO P P

+,[exp(im t -I' t/2) -exp(im t -I' t/2)]. (10)
1+A. (d (d P P

A state with T =1 at production will at a later time
be

lp(t)) =,[exp(im t -I' t/2)+X'exp(im t -r t/2)]1+4, P P (d (d

+ 2[exp(im t -I' t/2) -exp(im t-I' t/2}]. (11)
i l(o)
1+A.

'
(d (d P P

It may be seen that there will be time-dependent
oscillations for the decay of such a state even into
modes of a given isospin, which can be reached
only from one of Ip) or I~). However, because
of the short lifetime involved, it seems unlikely
that these oscillations will be measurable. %'hat
is therefore of interest is the time integral of the
decay rate into a particular channel. %e first
consider the decay probabilities into definite iso-
spin states, such as 2m or 3m. These are labelled
I' o 2„, etc. , where ~' means that state is pro-
duced as an (d .

1 1 4(I" +I' )
(d PP + , r(u'~ m2(I+a')' I' I' 6m'+(I' +I' )' p»'

p p

(12)

r 1 8 4~2(r +r)
+o~3v (1+1'} r I' hm'+(r +I" )'

(d P P (d

(13)

r 1 8 4i2(r +r)
p'~2m (1+a')' I' I' Am'+(r +I' )'

p 4J p

(14)

i'r 1 1 4(r +r)
(d ~3& 4J P

p' 3
= (I+~')' r 'r ~ '+(r +r )'

P (d (d P

(15)

%'e see that even states which are produced
with a given isospin can decay into modes with a
different isospin, because of the admixture of the
other meson at finite times. Furthermore, if
such a state is produced, its decay into a given
mode will show a double peak in the Q value of
the decay products, the peaks coming in the neigh-
borhood of the average masses of the p and (d.
This may provide an explanation of the two nearby
peaks in the 2v Q-value plot reported by the Berk-
eley antiproton group. ' In order for this to be so,
it is first necessary that the mass difference Am
between p and cu not be smaller than the width of
either p or (d. The relative height of the two
peaks will depend both on the relative probability
for production of p and (d and on the branching ra-
tios of P and (d into the 2w mode. It is not unlikely
that the probabilities of producing p and ~, in a
strong interaction where there is no selection rule
forbidding either, are roughly equal.

The branching ratios (d and P into 2m can be ob-
tained from Eqs. (12)-(15), provided that we know
the total decay rates I'—,I'p for the "true" parti-
cles. For the p meson, a calculation of the 2m-
decay rate similar to the one we have done for
the (d ~3m gives a. width of about 20 Mev. The
main other competing decay mode is likely to be
p ~go+xo whose signature will depend on the
main g-decay mode. A calculation of the gm mode,
using the matrix element

~ (p ~ (n), (p), (n)
pvnP o. P p v

p~qv ~' (Sm Z Z )&'
p
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g'[(m '-m ~)2-2m (m '+m )]+'
P g 7 P g

P ~pe 24m&'m '
p

For 5R= 2m„, this width is about 15 Mev. We
therefore expect that the modes p ~q+1l and p ~
2m mill have roughly equal probabilities, and the
total p width mill be I p-40 Mev.

The mode p ~ q+1l also exists for the charged
p~. Since the branching ratio for the p into these
modes is near &, it would be useful to try to de-
tect them. This could be done by using the fact
that a n with a rather well-defined kinetic energy
of 50 Mev in the p rest system comes out. So if
p events are chosen by looking at the nucleon re-
coil in 1l++p~p++p, for example, the decay pion
of the p could be recognized by its sharp energy
in the p rest system. These considerations are
independent of the decay mode of the q'.

For the ~ meson, the partial width for the 21l

mode will be

I' =0.2 Mev if g=0. ]..
(d ~ 211' p ~ 2'F

Thus I'—
2~ is likely to be much larger than

I ~ 31' This mill be true provided that there is
no enhancement of the 3m state. Such an enhance-
ment would occur if a T =1 state with a mass com-
parable to the q should exist. Some evidence for
such a state, called the f meson, has also been
reported. ' If the t; does exist, then the decay ~
~ )+gal' can occur. The rate for this mould be com-
parable to the rate for p ~ q+1l, or about 15 Mev. '
In this case it mould almost certainly be the dom-
inant decay of the (d and hence the cv. Since the g

mill decay into 21l, most of the time, it is to be
expected that if the P exists, most v decays will
appear as 31T decays. However, the Dalitz plot
will show a peculiar band structure, as empha-
sized by Nauenberg and Pais, ~ due to the Q-value
peak in the 2w subsystems. As no evidence of such
bands has been reported, it may be that there is
no g meson.

If the g does not exist, another likely decay
mode for co is probably the mode co ~1lo+y. An
estimate for the rate of this mode' gives a width
I'— ~o of about 0.2 Mev also, which means that
it is comparable to our estimate of I'—

2 . Fi-
nally, there is the mode ~ ~ q +1l, which also
occurs via the electromagnetic mixing with the
p'. The rate for this decay should be I'—
=X'I'&

&~
or about 0.15 Mev, again comparable

to the 21l -decay rate. If the q decays into 11'y as

we expect, this mill not be easy to detect.
To summarize the situation for ~ decays, me

find that unless the f meson exists, the partial
widths for ~~21', +~1l'y, and ~~g'1l' should be
of the same order of magnitude, and perhaps an
order of magnitude larger than the direct decay
~ ~31l. In this case, we would expect that the
height of the 21l peak at the ~ mass should be of
the same order as the height at the p mass, and
not two orders of magnitude smaller. This is be-
cause if the ~ decays a sizable fraction of the
time into 2m, as we expect, the height of the peak
will be determined by the intensity of p and u at
production, and not on the widths I"- 2„, I'—

We turn now to the q meson. If the g meson does
not exist, it is likely that the main decay modes
of the q will be g n'y, with a width of 100 kev,
compared to 1 kev for g~31l. On the other hand,
if g does exist, then the mixing of the neutral
modes will be repeated at this mass, and the phe-
nomena of the double peak in the 21l modes will
occur here also. An experimental search for both
the 1l'y and the double peak should surely be car-
ried out.

In conclusion, the main results of our analysis
are the following, and are given in tabular form
in Table I.

(1) The partial widths for direct ~ « 3w and q ~
31l are likely to be rather small, and so these will
not be the main decay modes of cu and q.

(2) If a T = 1,J= 1 f meson exists with a mass
near 550 Mev, the decay v~g+1l ~31l with a width
of about 10 Mev will be the dominant cu decay. In
this case the 21l decay of ~ will be a A.

2 effect of
about 1$, and the second peak in the w+v system
mill be very hard to find. However, an additional
3m peak of the p mass should exist from p~g+m.
This will also be of order A.

' in intensity.
(3) If the g does not exist, the electromagnetic

mixing of e with p will provide a mechanism for
the decay m ~ 21l' with a width of about 200 kev.
This will produce a second peak in the 1T+1l sys-
tem, whose Q value will be shifted from the p-
meson peak, and whose height may be compara-
ble to the p peak. No second peak will occur in
the 1l+m' system.

(4) The decay into w' and y will go for both &u

and g with a width of several hundred kev. For
the q this is likely to be the dominant mode, while
for the rd it may be comparable to ~ ~211.

(5) The p meson should decay about 50% of the
time into g and v. In view of (4), this will show
up as a large component of 21l+y in the p decay.

It is therefore strongly urged that experimental
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Table I. Summary of vector meson decay modes.

Particle Decay modes Partial widths (approximate) Comment

7+~-~0
7I+7I

F0~0

"'7
, etc.

30 kev
200 kev
150 kev
200 kev
15 Mev

Via p admixture.
Via p admixture.

If f exists, this will look like 37I decay.

7I'+r

, etc.
, etc.

20 Mev
15 Mev

200 kev
200 kev

Gives pion of 50-Mev kinetic energy.
If f exists, via ~ admixture.

(or q if & exists) 1 kev
100 kev
100 kev If & exists, via admixture of &0 into q .

g0 7I' 7l 20 Mev

physicists try to find the alternate decay modes
of the meson resonances and their branching ra-
tios.
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