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The discovery of a new meson of mass about
960 MeV has been recently announced by two in-
dependent groups. '~ The method of production
(K +p -A+X ) shows that it must have isospin
T = 0 or 1. The only well-established decay
mode is X'- n++ n + q, which includes about half
of the identified X' events, almost all of the re-
maining events consisting of decays of the type
X'- all neutrals. Within the available statistics,
the number of neutral decays is consistent with
X'- n'+ m'+g being the companion mode to n+m g.
The absence of measurable decay into two, three,
or four pions, together with the observation that
five-pion decays almost always include three
pions having total charge zero and effective mass
corresponding to the q meson, leads to the con-
jecture that spin-parity-G-parity assignment is
either 0 + or 1++, with 0 + being favored by the
low rate of X'-4n. '~4

Assuming that X' has TJ = 00 + and that it de-
cays mainly via the strong interactions, we show
that the dominance of the nnq mode implies that
the principal mechanism is

where 0 is an isosinglet neutral scalar meson. '
We estimate the decay width for this process us-
ing an extension of the Coleman-Glashow notion
of a unitary-symmetric scalar-meson coupling of
universal strength. ' We also obtain the branch-
ing ratios into subsidiary decay modes, including
the electromagnetic modes. An interesting point
is implied by this work: If the "A invariance"
of Bronzan and Low' is relevant to decay pro-
cesses, then X must have A= -1.

Disregarding for the moment the o meson, the
allowed strong decays are into the modes ~op,
4n, and 6n; we shall assume the last to be neg-
ligible. A conservative estimate of the four-pion
partial decay width is FX0(4w) & 1 keV. This is
based on the lowest possible angular-momentum
configuration, that corresponding to two neutral
di-pions having the quantum numbers of the p
meson. This rate is negligible compared with
other partial rates discussed below. A straight-
forward calculation of X'- n++ n +g, assuming
a structureless vertex with effective coupling

O'X'n+m q, gives the result

F~(m+m g) =2G" keV,

where t"' is expected to be of order unity.
The calculation of the rate for process (1) is

exactly analogous to the calculation of g- o+ n'

given in reference 5, except for omission of the
factor e =1/137 in the present case. The results
are

r~(„+„-g)=G'g'[(4n') 4m~ j I,

where

p~max
~m~ (A+m~-(u)'+ Bm '

A=[(m~-m )2-m ']/2m~,X' q o

B=m F /2m~,

y((u) =((u'-m ')~~'(m~2+m '-4y, '-2m~(o)"2X

(6)

x(m~'+m '-2m~&v) '",
n

&u = (m~'+ m '-4p')/2m~,
max X

With ma=400 MeV and FO =100 MeV, one obtains
(g'/4wm&p) = 0.93. The rate for X - v + m'+ 7l is
given by one half of the expression (3) with po,
the neutral pion mass, substituted everywhere
for p.

As a first approach, we may consider equating
the coupling constant at the X qo vertex (which we
have denoted by gG) with the corresponding con-
stant appearing at the on' n vertex, since we
have assumed the vertices to have identical
structure except for isospin considerations;
this is equivalent to the choice G = 2. However,
from the viewpoint of SU(3) symmetry this pro-
cedure may be questioned, since it is believed
that X' is a unitary singlet. To make another

and p, is the mass of the charged pion. The quan-
tity g is the On+m coupling and is related to the
mass m~ and the width I'~ of the o meson by

g' = I' (32mm ')/3(m '-4g')"'. (9)
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Table I. Values (in MeV) of I'&o(«q)/6 .

100 50

425
400
375

1.55
2.45
3.54

1.13
2.01
3.06

0.67
1.48
2.42

estimate, let us assume that the cr meson has
SU(3) octet transformation properties' and is
identical with the isosinglet scalar tadpole me-
son of Coleman and Glashow. ' These authors
have argued, on the basis of observed equal
spacing in mass squared between the correspond-
ing members of the meson octets, that the sca-
lar meson octet is coupled with a universal
strength to the octets of pseudoscalar mesons
and vector mesons and to itself. In terms of
the coupling constant g which we assigned to the
0m+m vertex, this Coleman-Glashov coupling
constant, 9 here denoted by g', is g' = (~3/4)g and

enters as the coefficient of that term in the in-
teraction Lagrangean which describes the SU(3)
invariant interaction of three meson octets: for
example, g' Tr444', where 4' is the scalar and
4 is the pseudoscalar octet. ' The SU(3)-invari-
ant coupling of a unitary singlet with two octets
is g'X TrCC)", where we have here extended the
notion of scalar meson coupling universality by
using the same g'.

In Table I we give the value of FXO(m+m g)/G'
calculated from Eq. (3), with mX0=960 MeV,
for several values of mz and I z. The branching
ratio FXO(w v q)/FXO(v+w q) = 0.535; thus the total
width is effectively given by 1.535G'FX0(w+w q).
For m ~= 400 MeV, I'~= 75 MeV, and with gG
= (vS/2)g the total width is 2.3 MeV."

Since confidence in our methods for dealing
with the electromagnetic modes of X must rest
largely on reasonable agreement with experi-
ment obtained for the analogous modes of the q
meson, '&" we wish to refine the dimensional es-
timates contained in the second paper of refer-
ence 5.'2 In that paper we calculated I" (2y) and
F&(wry) by assuming the two-step processes q

y+p y+y and g-y+p-y+m++m in which the
first common vertex ("black box") was assigned
an effective coupling constant K. On dimensional
grounds we estimated K2= o, /mpm. As a test the
model was applied (using wo- p+ re -2y) to the
calculation of the m lifetime, and it gave good
agreement with the (old) value i„a= 2.2 x10 "
sec using the above value of K'. A new lifetime

T&p 1 05 x 10 ' sec has been subsequently ob-
tained. '3 In the "black box" picture where we
used K' = a/m ' to obtain the old vo lifetime we
must use 2n/mp' to obtain the new one. Further-
more, if in our comparison of the m and q cou-
pling strengths we use SU(3) coefficients, '~ we
find the ratio of effective strengths (wo-2y):(qo
-2y):(bio-mwy) to be 3:1:9/4. Where previously
we used K' = n/m&' in each of these processes,
we now use 2o./mp', 2o./3mp', and 3o/2mp', re-
spectively (based on the new wo lifetime). Where-
as we previously obtained F&(2y) = 160 eV,
F&(v+v y) =20 eV, we now obtain F&(2y) =107 eV
and F&(w++ v +y) =30 eV; the ratio I' (2y)/
F&(wry) =4, which can be compared with the ex-
perimental value'5y" of =5. The g-3n rate ob-
tained in the first paper of reference 5 (of the
order of 100 eV) is also consistent with the ex-
perimental picture.

The decay modes of X' involving photons, real
or virtual, include those previously considered
in the decay of the g meson, namely 3m, mmy, 2y,
and wyy. In addition, in the case of X, a pos-
sibly significant decay mode is X —&u+y, which
would appear as m+w way or, with about a 10%
branching ratio, as m yy. The rates for these
processes are calculated by the methods of ref-
erence 5, which have given reasonable results
for the analagous g-meson decay rates. In the
present case we merely quote our results (Ta-
ble II) indicating the relevant intermediate states
employed. The A-parity number of the final
state, following the assignments of Bronzan and
Low, ' is included in Table II, and will be dis-
cussed below, although the rates have been cal-
culated completely disregarding the A parity.

We believe the branching ratios implied by Ta-
ble II are roughly correct, and that the absolute
values are of the right order of magnitude. As
the X' presumably constitutes a new unitary mul-
tiplet, we cannot really know its coupling strength
to any of the other multiplets. But for definite-
ness we assume a coupling g'X Tr44, and take
for g' the same value as occurs in the coupling
g' Tr444 which applies to the g electromagnetic
decays discussed above. "

A comparison of the rates for the various de-
cays, strong and electromagnetic, demonstrates
that it is consistent with the experimental obser-
vations to assume that X decays primarily
through the channel X'-cr+g-2n+g. On the
other hand, the relatively low rate calculated
for X'-~+n+g without the cr mechanism is com-
parable to the rate obtained for the charged elec-
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Table II. Partial rates for X electromagnetic decays. For the 3n modes, o is assumed to have m =400 MeV,
= 75 MeV. The rates given are approximate; for details see text.

tX

Decay mode
Electromagnetic

order
Black box"
coupling

Intermediate
state

Partial rate
(keV) A parity

i+m x'
x'x 7'

27
(d"Y

rnc&udtng p'V.

~ ~ ~

9o,/2m p~

Se/m p&

30./2mp2

a+m
2p0

2p' or 2''
2''

0.7
108

7
32

-1
+1
+1
-1

tromagnetic modes, and is inconsistent with the
observation that the X events not identified as
m+m g are almost entirely neutral. In fact, us-
ing the 0 mechanism we estimate that the total
of all non-swi} decays are about 10%. A mea-
surement of the branching into one or more of
these minor modes would not only test the pres-
ent model, but would permit an estimate of the
strong interaction width. This in turn would test
the theoretical assumptions used in obtaining
this width, in particular whether the o meson
has octet properties or behaves as a unitary sin-
glet, for in the latter case we would expect a
smaller width, as X -a+ rl would be an SU(3}-
forbidden transition. An additional test of the 0
mechanism is furnished by the nw effective mass
spectrum in the decay X - rf+ s++ w . Our cal-
culated spectrum is shown in Fig. 1.

Finally, if A invariance is relevant to these
processes, 's then AXe = -1, for with this assign-
ment X -w+s+ rf is an allowed decay (with or

FIG. 1. Spectrum of the effective mass 8 of the
two pions in the decay X g+m++g for the cases
(a) xx final state interaction with m~ =400 MeV, I ~
=75 MeV; (b) phase space only.

without the o mechanism} as is X'-3s, while the
Gell-Mann —Sharp —Wagner mechanism is for-
bidden. The effect would be to reduce still
further the rates for the m'my, 2y, and +y modes,
which would not contradict the observations. On
the other hand, if A~ =+1 then wmg is forbidden
and the above three modes would become more
prominent than is permitted by the present data.
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reference 6 and we have done the same.
~oWe emphasize that this estimate is based on the

assumption that X is a unitary singlet and that a and

g are unitary octet members. Other assumptions re-
garding the unitary character of Xo and o would lead
to other values for the width. For Xo and o both octet
members we would take C= j, giving I'Xo = 770 keV.
If X and cr were both unitary singlets, then X 0+q
would be forbidden by SU(3) invariance, in contrast to
0-m+ x, hence our estimate in that case could be
small. er than 0.5 MeV. Finally, under the radical
assumption that Xo is an octet and 0 a singlet, we
again obtain G'= ~~.
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~~K. Itabashi (reference 4) has made the interesting
remark that if X is a unitary singlet, it is also a U-
spin singlet implying, for example, the relation

rX,(p y) =3I'Xo{~g), where coo is the T = 0 member
of the vector meson octet. If we write coo as an equal
mixture of the physical ~ and y(1020) and neglect the
latter, as we have done throughout this work, this
prediction is roughly consistent with our more dynami-
cal calculation, also based on the assumption that X
is a unitary singlet.

In reference 7 the authors have remarked that per-
haps the g-meson decays are to be explained by a com-
bination of A invariance and the o mechanism, the
former suppressing the decays involving photons (ex-
cept may) and the latter enhancing the 3x mode and
accounting for its Dalitz plot. No suppression of the
mmy and 2y appears necessary in our picture of the

g decays.


