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In a study of multipion final states produced by
1.23-Bevjc v+ interactions in deuterium, Pevsner
et al. have reported that, in addition to a peaking
in the mass distribution for neutral three-pion
systems at I= 764 Mev observed previously in
antiproton annihilations, a marked peaking occurs
at M = 546 Mev with a full width at half -maximum
I' & 25 Mev. ' This latter peaking has been inter-
preted by them as evidence for the decay, via
strong interactions, of an unstable particle, the

g meson, into a three-pion state whose isotopic
spin, angular momentum, and parity remain un-
determined.

The threshold for g production by K mesons on
protons,

K +p~A+g,
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is at a K momentum of 725 Mev/c. Reaction (1)
with subsequent three-pion decay of g' via the
charged mode, hach', produces the final state,

K +p ~ A+@ +m +ma, (2)

while a, neutral decay, qneut, yields

K +p ~ A+ neutrals. (3)

%e have observed a total of 606 events of the
topology of types (2) and (3) produced by 760- and
850-Mev/c K mesons in the Lawrence Radiation
Laboratory 15-in. hydrogen bubble chamber. On
the basis of the mass distributions shown in Pigs.
1 and 2, we conclude that q' production is involved
in both reactions (2) and (3). As indicated in the
summary given in Table I, we find the cross sec-
tion for rP production at 760 Mev/c to be P.63 + 0.1Q

mb, and yet, disconcertingly, at 850 Mev/c a(rP)
aPPears to be & 0.04 mb. The branching ratio hach'/

„t' at 760 Mev/c is 0.31 + 0.11.
Figure 1 and Fig. 2 (bottom) are histograms of

the mass of the neutrals in reaction (3). Figure 2

(top) shows a histogram of the effective mass M3„
of the three pions in reaction (2). Using the errors
calculated by the fitting program KICK, we have
obtained the resolution of our system from a, res-
olution function generated in a manner described
in detail by Maglid et al. ' %e have further cali-
brated our errors by using the reaction,

K +p~K'+n,
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to calculate the mass of the neutron and its error.
The central values a&ere obtained by plotting Gaus-
sian ideogra, ms. The results are summarized in
Table II. Considering the uncertainties in our ex-
perimental widths, we estimate an upper limit of

FIG. 1. Missing-mass spectrum for 408 events corre-
sponding to reaction (3), at P~- = 760 Mev/c. The peak to
the left corresponds to the final state A7( . Most of the
events to the right of the 7t peak and below a mass of 434
Mev correspond to Z 7( production where Z A+y. In the
peak to the right 33 events have been attributed to q's
(see Fig. 2, bottom). The other possible final states are
~ Tl 7(, A71 7t, and «7l ~ . The dashed curve repre-
sents the phase space allowable by charge independence
for A 3n . [If we assume that all our A7t+m no are back-
ground events (i.e. , no q production), then charge inde-
pendence requires 0(A7f+7l 7r )/0(A~ 7t~7t )»3.] Phase
space for A7|~7t~ starts at 27t, and phase space for Z~ ~
at 285 Mev. Et should be noted that the maximum cross
section for A~ 7f is about 0.35 mb; i.e. , we know that
the ratio fJ(E p —A& 7f ) /o(E p A7r 7t ) =1.4 from E
in deuterium at 760 Mev/c [D. J. Prowse et al. , Uni-
versity of California at Los Angeles (private communi-
cation)j. %e know further that &(E p —A7t+7r") =2.9 mb
from E in hydrogen at 760 Mev/c. Using these facts
and charge independence, one gets a maximum cross
section for A7t 7( of about 0.35 mb.
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PEG. 2. (Top): The M3~ spectrum from reaction (2).
The solid curve is Lorentz-invariant phase space nor-
malized to the 27 Am+7l m events. Such a curve predicts
14 events below 530 Mev which are not there. Conse-
quently another dashed curve has been drawn normalized
to the four events to the left of 530 Mev. This implies
that there are three background events above 530 Mev.
Et should be remarked further that the cross section for
E p —Aw m m at 760 Nev/c is about zero [D. Prowse,
UCLA (private communication)], meaning that the A 37'.

channel seems to be I =0 at that momentum. Therefore
there should not be any E p- Fo*~o7lo final state present
at 760 Nev/c. (Bottom): The high-energy part of Fig. 1.
The fact that the width of the resolution function is larger
than the histogram width can be attributed to a statistical
fluctuation or a slight misassignment of our errors.

I' = 7 Mev on the width.

It is of interest to determine the extent to which
our data may be used to constrain the assignment
of possible spin-parity states to the q. %e as-
sume that the g has I=0,' and consider two cases,
charge conjugation C = -1 and +1. Since the G par-
ity of a neutral meson obeys the rule G =C(-l)I,
then for I=O, we have G=C. For G=C = -1, de-
cay into ~+I m' represents an allowed transition.
However, the complete spatial antisymmetry of
the 5=0 three-pion state (a) forbids decay into
mowowo and (b) ensures sixfold symmetry for the
density of points on a Dalitz plot. Though this
latter condition is not well satisfied by our data
(see Fig. 3), we may tentatively assume that the
deviations represent a statistical fluctuation, and
examine the consistency of the data with the sim-
plest spin, parity, and G-parity assignments for the
three-pion system: 0, 1, 1 . The general
behavior of these spatial states has been discussed
by Maglid et al. In particular, the matrix ele-
ment for the 1 state must vanish at the boundary
of the Dalitz plot, while for the 0 and 1 states,
its value must tend to zero in the center of the
Dalitz plot. Though of limited statistical signif-
icance, our data do not favor any of these hypoth-
eses. '

If C and G for the q are +1, decay into two or
four pions might be expected but has not been ob-
served. Four -pion decays may be absent because
the Q value in that case is approximately zero. For
J ~ 1, there are four spin and parity assignments:
0+ 0- 1+ 1-. The first 0+ woulddecay
strongly into 2m; the last three cannot. Decay
into three pions may still occur, but only via
virtual electromagnetic transitions, which change
G to -1 and I to 1.' Kith I=1, decay into w m m'

is possible with the branching ratio I'(m'w'w')/
I'(m+w w') ~ -,'. The measured branching ratio,
gneut/@eh=3, leads to the conclusion that radia-

aTable E. Production of q mesons and background.

760 Mev/c
0. (mb) Events

850 Mev/c
a {mb) Events

a(A+ neutrals)
o{"naut )
a{Atr w mo)

E(c.m. ) - (mA+ m~)

6.0 + 0.4 408
0.48 +0.10 33
0.20 +0 ~ 05 27
0.15 +0.05 20

20 Mev

+0 4
&0.02 +0.02
0.15 +0.05

&0 ~ 02 +0,02
63 Nev

148
~1
23
&3

a
The path lengths scanned for reactions {2}and (3) were in the ratio of 1.64/1. 0.
This row is the Q value for A+q production.
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Table II. Calculations of masses and widths.

resolution histogramr.
(Mev) (Mev}

Central value
of ideogram

(Mev)

fine to ln reaction (4)
qcho in reaction (3)
Neutron in E +p —E +n

14
12
20

12
12
22

550 +1.5
548 +2.0
941 +1.0

'r .histogram is the full width of our experimental histogram. I resolutio~ is the width we would expect if the

true peak were a line (reference 2).
a

Table IO. The G-forbidden 37t decays.

b
Meson I, ,L Simplest matrix element Vanishes at

Dominant radiative
decay modes

0, 0
1,0

2.2
(xp

n(pxq)(p q)

nowhere
T p

——0
T () axis and boundary

2'y 7I T( 'y

m+r 7
m+m 7

The matrix element is analyzed in terms of a ~+7I pair and a ~ . The 7(+~ pair is assigned momentum q
and angular momentum L. The remaining ~ is described in the 3~ rest frame by momentum p and angular mo-
mentum 1.

The factor 0. (fine-structure constant) appears since G-forbidden transitions require that the decay proceed via
electromagnetic interaction,
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FIG. 3. Normalized Dalitz plot for 23 of the 27 events
of Fig. 2 (top). The four events with M &530 Mev were
interpreted as background and excluded. As shown in
Fig. 2 (top), three or four of the remaining events are
probably also background. Charge-conjugation invari-
ance allows us to fold the plot about the T„o axis. For
G=-1, the plot can be folded again about the T + and
T„- axes (b) and {c). No control-region plot is pre-
sented, since we have only four events clearly outside
the g h peak.
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tive decays must be present. Since the decay re-
actions are invariant under charge conjugation,
the neutral decay mode q ~y+any number of m'

is forbidden, while r) ~w++w +y and g~y+y (the
latter only for 0 ) are allowed. We have system-
atically examined all events leading to Aw+n in
the final state for consistency with the hypothesis
K +p A+ q followed by g ~ m++m +y, with a neg-
ative result. We conclude that I"(w+w y)jl'(w+w wo)

& ~'~ and, if the q is 0 +, I'(w+w y)/I'(yy) & 70. It is
unexpected, but not impossible, that these two ra-
diative modes are as slow as these 6-forbidden
377 modes.

Table GI lists the simplest forms of the matrix
elements for the three cases under consideration.
The simplest matrix element for the ease 0 is
a constant. %e see from Fig. 3 that the Dalitz
plot is not uniform, but rather favors low-energy
T„o. However, this result could still be consist-
ent with a 0 meson. That is, the population of
the Dalitz plot in the simplest case of a forbidden
three-pion decay could be nonuniform for various
reasons; for example, as a result of strong final-
state interactions or because of the effects of
electromagnetic interactions in the decay proc-
ess itself (for example, if the three pions are
formed between the emission and absorption of
the virtual photon, then the reabsorption of the
photon would distinguish between charged and



c}I.UME Sy NUMBER PHYSICAL RE VIEW LKTTKRS I'EsRUwRv 1, 1962

neutral pions).
The simplest matrix element for the case 1

requires that the population of the Dalitz plot
tend to zero along the T 0 axis and the boundary.
Similarly, for the case 1+ one would expect a
vanishing population at T o =0. Again with lim-
ited statistical significance, the Dalitz plot in

Fig. 3 does not favor either of these possibilities.
%e conclude that our results are most consist-

ent with the quantum numbers 0 + for the q (these
are the same as the quantum numbers of the g
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.
%e wish to acknowledge the help of Professor

L. %. Alvarez, Professor M. Gell-Mann, Pro-
fessor M. L. Stevenson, Dr. R. Vf. Huff, and

N. Xuong.

Work supported by U. S. Atomic Energy Commis-
sion.

~National Academy of Science Fellow.
A, Pevsner, B. Kraemer, M. Nussbaum, C. Rich-

ardson, P. Schlein, B. Strand, T. Toohig, M. Block,
A. Engler, R. Gessaroli, and C. Meltzer, Phys. Rev.
Letters 7, 421 (1961).

28. C. Maglic, L. W. Alvarez, A. H. Rosenfeld,
and M. L. Stevenson, Phys. Rev. Letters 7, 178 (1961);
M. L. Stevenson, L. W. Alvarez, B. C. Maglic, and

A. H. Rosenfeld, Phys. Bev. 125, 647 (1962).
3D. D. Carmony, A. H. Bosenfeld, and B. T. Van

de%alle, following Letter [Phys. Rev. Letters 8, 117

(1962)]; also D. Prowse, University of California at
Los Angeles (private communication).

~The authors of reference 1 inform us that, within
their equally limited statistics, their Dalitz plot is con-
sistent with 1

~If q is 1 (like ~) 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" ~ ~E&J'g&~ Q [the matrix element M is propor-
tional to E~(P2&&P&) and the area of the Dalitz plot var-
ies as (q)2 =(rn~ -m3~) l which droPs by a factor of -100
when we substitute m& =550 Mev instead of m~ = 780
Mev. Thus we expect a partial width 1" & 0.24 Mev.
Presumably the dominant decay rate is I (qo 7t +y),
which has been estimated at 0.03 Mev [see J.J. Saku-
rai, Phys. Rev. Letters 1, 355 (1961)j, in which case
I'(hach ) is about 0.01 Mev.

The 3m final state must have G =-1, but C must still
be +l. By the rule G =C(-1) for neutral particles, I
must then have changed to an odd number. %e assume
emission and absorption of a single photon (&I- 1 for
each process), so I = 0 can lead only to I = 1. This anal-
ysis is equivalent to that of H.-P. Duerr and W. Heisen-
berg, Quantum Numbers of the (d Meson" (Max-Planck-
Institut fur Physik und Astrophysik, Munchen, Germany;
unpub1ished work) .

~M. Gell-Mann [California Institute of Technology,
Pasadena, California (private communication)) has es-
timated I'(yy )/I (y7t+7t ) = 4, not inconsistent with our
data.

8Another argument against 1 + and 1 is that they
have no way to decay copiously into neutrals. I'(xsxos~)(
l(~ ~ ~ ) must be «1, and y+~, y+nm, and y+y are
all forbidden.

SM. Gell-Mann, California Institute of Technology
Scientific Laboratory Report CT-SL-20 (unpublished).
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The g then decays by its charged mode:

'~m++n +m'+135 Mev.
ch

The g is also produced by'

E +P ~P+ qo. (3)

Pevsner et al. have reported the existence of
the il meson (mass 550 Mev) produced by 1.23-
Bevjc positive pions on neutron targets in deu-
terium'.

It is observed that the g' 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 fchc is less than —', ,
where fch —= (q' x+s s )/(all modes). As dis-
cussed by Bastien et al. , this means that radia-
tive modes must be present in q decay. From
reaction (3), we see that ii can have only isospin
0 or 1. The purpose of this Letter is to rule out
I= 1.

Using the impulse approximation, the Hulthdn
wave function for the deuteron, and the experi-
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