
VOLUME 1$, NUMBER 11 PHYSICAL REVIEW LETTERS 14 SEPTEMBER 1964

TWO-PION STRUCTURE WITHIN THE A MESON*

Richard L. Lander, Maris Abolins, D. D. Carmony,
T. Hendricks, Nguyen-huu Xuong, and Philip M. Yager

Physics Department, University of California/San Diego, La Jolla, California
(Received 17 July 1964)

In this I.etter we present a study of the distri-
butions of two-pion effective masses from the de-

+
cay of the A meson, ' now resolved into two
peaks, '~' A, and A, . These distributions show evi-
dence against the spin and parity assignments 1

and 2 for the lower mass peak, A„and against+

0 and 1 (l =2) for the upper mass peak, A, .
After analyzing about 5500 four-prong events

produced by 3.5-BeV/c w+ in the Brookhaven Na-
tional Laboratory 20-inch hydrogen bubble cham-
ber, we identified

1918 events as m++p -m++p+m++v

The details of the analyzing methods have been
described elsewhere. The M (w+w+m ) enhance-
ments of these events have been shown to be a,s-
sociated both with p production and low mornen-
turn transfer, b, ', to the proton. The data of
Fig. 1(c) in which the selection required at least
one p and b, '& 36 p', as well as no N*, suggest
two peaks in agreement with the previous work
of references 2 and 3. The solid curve is the ex-
pected phase-space distribution for v + p -p+ ~

+P, averaged over the p mass, including the ef-
fect of the selection b, '& 36 p. . It has been nor-
malized to the number of events above 1.53 GeV.
We take the region 1040 MeV to 1210 MeV to rep-
resent the A, peak and 1210 MeV to 1380 MeV to
represent the A, peak. Figure 1(a) is a Dalitz
plot of those events in the A, peak (dropping the
p requirement). Figure 1(b) is a similar Dalitz
plot for the events in the A, peak. The events
have been plotted twice, once above the diagonal
and once below it. This has the advantage of pre-
senting the p band as a straight line rather than
having it make a 90' bend at the diagonal. Of
course, the significance of the data must be
judged on one-half of the plot only. The solid
lines outline a band 0.2 GeV' wide and centered
on the p.

The observed distribution of Fig. 1(c) is pre-
suma. bly a mixture coming from ~++/ -A++/,
m++P -P + 3~ phase space, and m++ p -p +p +m+

without A+ formation. The last process is ne-
glected in the following, since we do not observe
it outside the A+ region. Boson symmetrization
requirements modify the two-pion effective-mass

spectrum from the decay of the A+ meson de-
pending on the spin and parity (Jp) of the A+.
These calculations have been made assuming
that the A, or A, decays 100%%uo of the time to p'
+m+.' The effects are displayed by a curve rep-
resenting the profile of the Dalitz plot along the
center of the p band. This profile has been cal-
culated by taking the decay amplitude to be a sum
of the two terms, A+ -p'+ ~, and A -p'+ n, +.
The resulting density distribution has been aver-
aged over the A+ mass region, corrected for the
finite experimental resolution (estimated full-
width —half-maximum = 25 Me V), and integrated
over the 0.2-GeV wide band in the Dalitz plot.
Figures 2(a) and 2(b) show the density distribu-
tion of events along the bands of Figs. 1(a) and

1(b), respectively. Care has been taken to avoid
duplication of points in the crossover region.
These theoretical curves contain no background.
Using the 3m effective-mass distribution for
events with 6'& 36 p,

' and no N* we estimate the
background under the A peaks to be & 25%.
Table I shows the y' probabilities obtained as-
suming no background and also assuming 25%
3m phase-space background. Figures 2(c) and
2(d) show the projections of the two Dalitz plots
along with the theoretical curves for the more
likely J choices.

The data, of Chung et al. ' require (because of
their KK decay mode) 2+ as the lowest assign-
ment for the A„and favor 0 for the A, . We
note that our data are consistent with these as-
signments, a.lthough for the A, the 1 (l =0), 2

assignments with 70%%uo probability are favored
over the 0 assignment (9'%%uo).

Aderholtz et al. ' present evidence for ~p en-
hancements at -1080 MeV and -1300 MeV. If
these enhancements are alternate decay modes
of the A, and A, then they require J = 1,2,
3, ~ ~ ~ . We note that our data disagree rather
strongly with the assignment 1 or 2 for the A, .

It has been pointed out' that the pm enhancement
at 1080 MeV may be the result of a Peierls sin-
gularity and, if so, would not have a definite an-
gular momentum. ' In that case, our analysis
would not apply. More detailed calculations,
however, suggest that this singularity would, in

346



VOLUME 13, NUMBER 11 PHYSICAL REVIEW LETTERS 14 SEPTEMBER 1964

1.2—

Vo l"
1040-1210 MeV

-t& 36)I

fact, not be observable. Although these recent
calculations make it difficult to associate the A,
with the Peierls mechanism, the absence of the
p+m decay mode of the A„ if substantiated,
would mean the A, is not an "ordinary" reso-
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FIG. 1 ~ (a) Dalitz plot of the three pions from the
events with no N~(1120-1320), -t{p,p) &36 p2, and
1040 MeV&M{~+x+m ) &1210 MeV. (b) Similar to 1(a),
but with 1210 MeV &M(~+71+m ) &1380 MeV. (c) Effec-
tive-mass plot of those events with no N~(1120-1320),
-t(p, p) & 36 p and a p{71+7l ) present.

FIG. 2. {a) Distribution of the density of points on
the Dalitz plots of Fig. 1(a) within a band centered on
the p and 0.2 GeV wide. The curves are theoretical
expectations assuming A —p+ ~ without background.
(b) Similar to (a), but for the data of Fig. 1(b) ~

(c) Projection of the Dalitz plot of Fig. 1(a). (d) Pro-
jection of the Dalitz plot of Fig. 1(b) ~
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Table I. x2 probabilities for various J choices
for && and A2 mesons, first assuming no background,
and then with 25 ~/f) 3m phase-space background added.

Percent 3' phase space
0 25

A+
1

1
2+

1 (l =0), 2

0, 1+ (l =2)

0. 005
0. 008
0. 07

(0.001

&0. 001
0. 70

&0. 001

0. 01
0. 10
0. 10

(0.001

(0.001
0. 70
0. 09

nance. We cannot decide this question here, but

merely remind the reader of its existence.
The Bronzan-Low A-parity' for pm state is -1,

while for a EK it is +1. Thus the KK mode re-
ported for the A, meson would violate the conser-
vation of A-parity in strong interactions. The
ratio (A +2-X++K )/(A, +-p+w) is an indicator
of this violation. The ratio predicted by phase
space is about 1.0. Figure 3 shows the distribu-
tion in effective mass of the K+K,' pairs from
the m++P -P+K++Ky events of this same ex-
periment. We cannot say we observe the K K'+

peak at the region of the A„but we can set an

upper limit of 15 p, b. This value, combined with
the lower 1imit of 100 pbfor A, ~(p'w+) scaled by
a factor of two to include the p+r mode, gives
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FIG. 3. Plot of the effective mass of the X K& pair
from events of the type m +p —K + Kf +p.

an upper 1imit -1/13 for the (K E'!pm) branch-
ing.

We wish to thank Professor O. Piccioni for his
continued interest and support, and Dr. %. Fraz-
er, Dr. J. Fulco, and Dr. F. Halpern for com-
municating their results to us and for many
valuable discussions. Thanks are due to
Dr. Ralph Shutt and his group for the use of the
20-inch bubble chamber, to the Yale and Brook-
haven groups for setting up the beam, to
Dr. M. H. Blewett, Dr. H. Brown, Dr. R. Good,
and Dr. W. Mehlhop and the 20-inch chamber
crew for their help during the runs. The help of
Mr. C. Rindfleisch, and of our scanners and
technicians, is appreciated. The Western Data
Processing Center has given us graciously many
hours of IBM-7094 computer time.

~Work done under the auspices of the U. S. Atomic
Energy Commission, Contract No. AT(11-1).

G. Qoldhaber, J. Brown, S. Goldhaber, J. Kadyk,
B. Shen, and G. Trilling, Phys. Rev. Letters 12, 336
(1964); G. Bellini, E. Fiorini, A. J. Herz, P. Negri,
and S. Ratti, Nuovo Cimento 29, 896 (1963); F. R.
Huson and W. B. Fretter, Bull. Am. Phys. Soc. 8,
325 (1963).

S. U. Chung, Orin I. Dahl, Lyndon M. Hardy, Rich-
ard I. Hess, George R. Kalbfleisch, Janos Kirz, Don-
ald H. Miller, and Gerald A. Smith, Phys. Rev, Let-
ters 12„621 (1964).

M. Aderholz et al. , Phys. Letters 10, 226 (1964).
Explicit calculations are given by %. Frazer,

J. Fulco, and F. Halpern, to be published. The the-
ory can also be found in a paper by C. Zemach, Phys.
Rev. 133, B1201 (1964).

~M. Nauenberg and A. Pais, Phys. Rev. Letters 8,
82 (1962).

R. J. Oakes, Phys. Rev. Letters 12, 134 (1964).
C. Goebel, Phys. Rev. Letters 13, 143 (1964);

G. Chew and F. Low, private communication.
We have looked at the reaction ~ +P —P + x + MM

at 3.5 GeV/c, where MN means two or more m me-
sons, and plotted the effective mass M(~+, MM) of the
z+ and the missing mass and observe the A2(1310), but
not the A&(1090), in agreement with the prediction of
the Peierls mechanism. On the other hand, our obser-
vations disagree with the predicted (R. J. Oakes and
A. Pais, private communications) distribution in the
n-p scattering angle for the A& events in this paper.
See D. Carmony et al. , Proceedings of the Interna-
tional Conference on High-Energy Accelerators,
August 21-27, 1963, Dubna (Atomizdat, Moscow,
1964}.

9J. B. Bronzan and F. E. Low, Phys, Rev. Letters
12, 522 (1964).

348


