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Further evidence for the H meson is presented. The decay angular distributions are
found to be consistent with J+=1 .= +

We report here evidence for an enhancement
near 1.0 BeV/c in the v+w no mass spectrum
from the reaction v++6-v++w +vo+p+(p)
at 3.65 BeV/c. The data are taken from the
same 3000 events from which other results have
been previously reported. ' Our results are
in agreement with the properties of the "H me-
son" that was observed in the reaction z++p- v++n +w'+N*++ at 4.0 BeV/c.

Mass spectrum. —Figure 1 shows the m+n

mass spectra for this experiment and separate-
ly for that of Ref. 2. In both sets of data it is
required that at least one of the di-pion mass-
es be in the rho region (650-850 MeV/c for
our data, , 640-860 for the others). A further
requirement in the ABBBHLM data is that one
of the 7T p combinations is in the N*(1238) re-
gion. The curve illustrated, which applies on-
ly to our data, was calculated by multiplying

that fraction of an isotropic Dalitz plot that
contains at least one rho by a three-pion phase
space. We have made a similar calculation
using a Dalitz-plot density appropriate for an
I= 0, J = 1+ thr ee-pion state decaying into p+ v

via s wave. This increases the 1-BeV/c' shoul-
der somewhat but still falls far short of explain-
ing the bump in the data.

Using a, background of this type we have fit-
ted the data, in 20-MeV/c' bins to a Breit-Wig-
ner resonance form and find a central valueI= 998 + 10 MeV/c' with a width at half max-
imum of 75+ 30 MeV/c2. This is to be compared
with Ref. 2 which gives M =975+ 15 MeV/c'
and I"= 120 MeV/c . Subtracting our resolution
of 30 MeV/c2 from our measured width gives
45+30 MeV/c' for the width of the H meson.
This procedure gives reasonable widths for
both the a and A2 .'
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FIG. 1. Invariant mass of the x n m system for
events with p, p, or p . The outer histogram is da-
ta from this experiment and the superimposed shaded
histogram is from Ref. 2.

Our production cross section for the H is 75
+ 15 pb above background after making the sub-
tractions discussed below.

Isotopic spin. —We have compared our data
with a compilation~ of data on m*+p -pa+ v++ p
showing the A, (1080) enhancement. It is clear
from this that the H is not the neutral member
of an A~ triplet. The lack of an H effect is evi-
dence that the H does not have I= 1 since charge
independence requires o+"'+o '"&ao'", where
o =o(v++p-H++p), o =o(w +p-H +p),
oo = o(&++n -H +p). (We have left out a factor
of 2 under the radical on the right-hand side
of the inequality because the p r mode is not
normally observed for A,+.) I=2 for the H is
ruled out since this would mean a+.'a:vo = 3:3:4.
The observed A, cross sections at these en-
ergies are about 100 pb.

In an effort to remove some of the background
from the H region we have made the following
additional cuts on the data. (1) We require
6 (beam-H) &0.85 (BeV/c) . (2) p N*+(1238)
and p+N~(1238) events are removed if b, (beam- p) &0.2 (BeV/c)'. This leaves 129 events in
the H region, 0.92-1.08 BeV/c'. These events
divide into 42 p m, 45 p+m, and 42 p v+, and
include 17 double-p events in which two of the
three di-pions fall in a p region. If the H has
I=O (1, or 2) one expects the ratios of events
in the above three categories to be 1:1:1(0:1:1,
or 4:1:1).Our observed numbers, as they stand,
clearly favor I=O; however, a subtraction of
6+3 events should be made from the p v sam-

pie. We expect this number of m+n y decays
of the q*(959) meson to fall in the H-mass in-
terval, and we cannot distinguish ~+n y from

in this experiment. The number 6+ 3
is based on our observed number (13+ 5) of
q*- @++v (+&2mo) events and the published branch-
ing ratios for this mode and the r r y mode
of the q*. We have included a correction fac-
tor of 0.82 which is based on our observed q*

distribution and our imposed ~ cutoff of
0.85 (BeV/c)'. The contamination is expected
to fall primarily in the p r events since the

y mode of the g* is mostly p y. In order
to treat the background events in the p bands
identically, three events should also be removed
from the p events since these also fall in the
N*++ region with LP(p ) &0.2 (BeV/c)'. The
final result still favors the I= 0 interpretation.
A subtraction of these nine events would not
appreciably affect the appearance of the peak.

Spin-parity. —In order to test various J as-
signments for the H we have plotted the distri-
butions of the three polar angles 8n, 8m, and
8b. The angles 8n and 8b are measured in the
H rest frame and are defined as the angle be-
tween the beam and the H-decay-plane normal,
and that between the beam and the "bachelor"
pion (i.e., the one that does not make a p), re-
spectively. The angle 8m is measured in the
p rest frame between the beam and one of the
pions from the p. We have counted the double-
p events as —,

' events each in the appropriate
distribution. If the three cos8 distributions
are not all flat this rules out J =0 immedi-
ately. (Z =0 is also ruled out by spin-pari-

ty conservation. ) In order to test J'+=1 we
can fit the three distributions of cos8n, cos8m,
and cos8b with the general form 1+A cos 8.
The three coefficients A» Am, and Ab can
be written in terms of one parameter, poo which
is the central element of the 3 &3 density ma-
trix' for the H. The dependence on poo for the
two cases is, 6

for J+=1 (s wave),

A =(1-3P00)/(1+P00)

A = (3p -1)/(1-p ),

A =0;
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for J+=1

& =(3p -1)/(1-p ),

A = (1-Sp )/(1+ p ),

A =A m'

These nonrelativistic equations should be
valid since the velocity of the p in the H rest
frame is =0.3 c. We have also neglected d-wave
decay for the 1+ case since it presumably would

be small because of this small velocity and the
centrifugal barrier effects.

For spin-parity 2+ the cos0n and cos8b dis-
tributions should be identical and require ad-

FIG. 2. Angular distributions in the H-meson region
(0.92-1.08 BeV/c2). Shown are the cosines of the an-
gles between the beam pion and (a) the decay-plane nor-
mal, (b) the pion from the decay of the H meson, and

(c) a pion from the decay of the p meson. The Dalitz-
plot variable is shown in (d). The solid (dashed) curves
assume the & meson has J+= 1 (1 ).

ditional cos 0 terms. The cos0m distribution
requires only terms up to cos'8. The five co-
efficients in this case can be written in terms
of two parameters, p«and p22. ~ For spin-
parity 2 the cos8m and cos0b distributions
are the same' and require only terms up to
cos'8. The two coefficients in this case can
again be written in terms of ppo and p». The
cos8n distribution needs an additional cos 0
term and also one more parameter Ro.'

We have made simultaneous least-squares
fits to the three distributions for each of the
above-mentioned J assignments, using the
appropriate number of parameters in each case.
The results are shown in Figs. 2(a), 2(b), and

2(c) for 1 and 1 . The fitted values of the
parameters and the y' values are given in Ta-
ble I. Examination of Table I indicates there
is no clear choice for J+. Considering that
our H peak may contain more than 50 jp back-
ground, we may not be able to come to a def-
inite conclusion about J+.' The appearance
of the curves on our data in Figs. 2(a), 2(b),
2(c), and 2(d) does, however, favor the 1+ as-
signment. The arguments against the other
choices can be summarized as follows:

(1) If we say that the cos8b and cos8m distri-
butions are not compatible with being identical
then this rules out 1 and 2 (and, of course,
0 ). The )(' probability for their being at least
this nonidentical is 10%.

(2) If we say that the cos8d distribution [see
Fig. 2(d)] is not compatible with vanishing at
cos8d=1 then this rules out 1 and 2+. The
description of 8d is given below.

An independent test for J+ can be made by
examining the Dalitz plot of the 3m system.
We have chosen as orthogonal Dalitz-plot vari-
ables m'(m) and cos8d, where 8d is the angle
between the di-pion line and "bachelor" pion
in the di-pion rest frame. We have made a
six-way fold of the data by ordering the kinet-
ic energies of the three pions in the H rest frame.

Table I. Results of fitting the cosen, cos8m, and cosed distributions for various J assignments.

Poo X2a Probability

0
1+
1
2+

2- (a, =o)

0.57+ 0.06
0.17+ 0.05
0.11+0.04
0.00+ 0.20

0.36+ 0.04
0.06+ 0.05

37 (27)
22 (26)
2e (26)
23 (25)
28 (24)

0.10
0.70
0.30
0.55
0.25

aNumber of degrees of freedom in parentheses.
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The "bachelor" pion is then identified as hav-
ing the smallest kinetic energy and the direc-
tion of the di-pion line is identified by the pi-
on of intermediate kinetic energy. Because
of this folding, cos8d does not run through its
full range for all values of m'(s~). The projec-
tion of the data on the cos8d axis is shown in
Fig. 2(d). The curve labeled 1+ was calculated
by building a p enhancement into a Dalitz-plot
density appropriate for a 1+ (1=0) decay, ' and
then making an average over the 3m mass, weight-
ed according to our observed mass distribution.
It gives a reasonable fit to the data. The 1
curve is typical of the series 1, 2+, ~ ~ ~ which
gives a vanishing density at cos8d=1 (edge of
the Dalitz plot). The 12 events in the last bin
cause curves of this nature to fit very poorly,
although the addition of a flat background would
obviously improve the fit.

The projection of the data on the ma(~w) ax-
is also gives reasonable agreement with the
1+ assignment.
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The distribution for cos8n has been taken from
Ref. 5. The distributions for cos8b and cos8m were
derived using standard nonrelativistic techniques. We
illustrate this calculation for 1

dS'
d(cos8 )

= E (Ptil&i I +Pppl&i'I'+ p i tl&i 'I').
b p spin

The p's here are the diagonal elements of the H me-
son's density matrix and the 4's are its spin ampli-
tudes. To describe the decay H(1 ) p(1 )+~(0 ) in
P wave we can decompose the 4's as follows:

A &=(1/R2)[Y ~(cos8b))( P—Y (cos8b)X ~],

etc. The X's are the p-meson spin functions. When we
sum over p-meson spin we then get

„(„,8 )
=2pit(IYi'I'+ IYg'I')+Ppp(IY)'I'+ IYg 'I').

where we have used the fact that p & &
=

p&& and IY&~l
= IYi I. We can also use Trp=1 to eliminate p&&.

This gives

=(const. ) 1+ cos 8
dW 1-3poo

d(cos8 ) 1+poo

To get the cos8m distribution, instead of summing
over p spin we integrate over cos8b and then replace
the p spin functions X& by the corresponding Y&

spherical harmonics which describe the two-pion de-
cay of the p.

'Background effects were studied in events with
M(3p) = 1.04-1.20 BeV/c P and the same &2 and pN* sub-
tractions. The plots corresponding to Figs. 2(a) and

2(b) were similar, while Fig. 2(c) was flat. The pN*
subtraction is important in Fig. 2(b) since most of the

subtracted events have cos8b & -0.4.
J. D. Jackson and J. Donahue, private communica-

tion.
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