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Editorial of 20 July 1964 [Phys. Rev. Letters 13, 79
(1964)].

)Work performed under the auspices of the U. S.
Atomic Energy Commission.

)On leave of absence from the Weizmann Institute of
Science, Rehovoth, Israel.

F. Lefebvres et al. , Phys. Letters 19, 434 (1965).
Q. Chikovani et al. , Phys. Rev. Letters 25B, 44

(1967};W. Kienzle, in Proceedings of Informal Meet-
ing on Experimental Meson Spectroscopy, Philadelphia,
April, 1968 (to be published).

3See an experimental compilation by A. H. Rosenfeld
et al. , Rev. Mod. Phys. 40, 77 (1968), and references
therein.

4The major contribution to the error in the effective
mass of 7t +MM comes from the uncertainty of the in-
cident beam momentum. Errors introduced by mea-
surements and Coulomb scattering of the recoil pro-
tons in the laboratory momentum range -0.8-0.9 GeV/c
are of the order of 5 MeV.

5All mass-spectrum fits have been made with a lin-
ear background. A quadratic background gives essen-
tially the same results. The fits with two incoherent
Breit-Wigner shapes never succeed in reproducing the
pronounced dip observed between the peaks. A larger
width is obtained for I'2 if higher tp p values (0.2-0.6
GeV ) are included, giving I'2=50+25 MeV.

6The error in the missing mass comes from errors
in measurements of the fast 7r and recoil-proton
tracks. It is about 35+15 MeV.

~Since we see no e(780) signal in the MM spectrum
(see Fig. 2 inserts), we conclude that the A2L does not

contain cu7t events and hence cannot be due to the B me-
son.

Unlike the ~ +MM system in Reaction (1), the K~ K~
system in Beactions (2) and (3) is not complicated by
large background due to other final-state interactions;
therefore no cuts are introduced in the K~ K~ mass his-
togram.

~Since the f0(1260) meson can decay into KioKio sys-
tem, interference between the 1=0 f' meson and the
I=1 "A2" meson is possible; however, this is unlikely
since results from similar experiments at different en-
ergies do show a similar narrow K& K& peak centered
above 1.3 GeV. See, for example, S. U. Chung et al. ,
Phys. Rev. Letters 12, 621 (1964); and Richard I. Hess,
thesis, University of California B.adiation Laboratory
Report No. UCRL-16832, 1966 (unpublished).

~ K. E. Lassila and P. V. Ruuskanen, Phys. Rev. Let-
ters 19, 762 (1967); A Goldhaber, private communica-
tion.

~~The triangle inequality is satisfied within statistics
for the A2 (1300-1330 MeV) produced in the reactions
~ P —K K& P and K&OKion, and w+P —K Ki P at 6 GeV/c.

This is also observed in other similar experiments.
See, for example, Gerson Goldhaber, in Proceedings
of Thirteenth International Conference on High-Energy
Physics, Berkeley, 1966 (University of California
Press, Berkeley, Calif. , 1967), p. 125. See also Rich-
ard I. Hess, Ref. 9. The author gave a mass and width
of "A2 "-K K& as 1317.2+4.0 and 47+18 MeV, and

pointed out the difficulty to assign a consistent width
between "A2 " K K& and "A2 "—

p 7t from the
same experiment. See S. U. Chung, thesis, University
of California Radiation Laboratory Report No. UCRL-
16881, 1966 (unpublished).

~3J&=0 assignment is ruled out by the observation of
the p7t decay mode of the "conventional" A2 meson.
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We report a study of the reaction 7t p-7t pp —7t. pn ~ 7t at 5.0 BeV/c, which gives
clear evidence for A2 —q ~ . The observed branching ratio is R=(A2 —q 7t )/[A2
—(pYt) ] =0.23+0.08, and the observed polarization of the A2 is 2p~~= 1,p&—&=p —&&=0.5.
We also obtain evidence for A2 —X ~ with an observed branching ratio of (A2 —X w )/
[A2 —(pm) ] = 0.07 + 0.03.

The A2 meson resonance at 1300 MeV is known

to decay primarily by pm, q~, and KK modes. '
The decay branching ratios are still uncertain,
and the spin and parity determination rests pri-
marily on the KK mode. Recently a structure
in the A~ has been reported, ' indicating that the

A2 may be composed of two peaks. In our data
with poorer statistics, we do not observe a split-
ting, and we therefore have treated all the data
together.

A total of 1t2 g' events were observed in 55000
four-prong events obtained in the |2-in. hydrogen
bubble chamber at the Lawrence Radiation Labo-
ratory. These events were selected from w p
—w pn+w so events chosen by the following cri-
teria: (a) Each event had to be compatible kine-
matically (X &10 for the one-constraint hypothe-
sis) and by ionization with the w p- m pm+ad s
hypothesis. (b) Events which were also compati-
ble with n' p —w pm m (X2 &40 for the four-con-
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straint fit) were rejected. (c) Events which were
also compatible by ionization and kinematics
with E P - m n n+m+n were rejected if the neu-
tron hypothesis gave a much better fit than the
m' hypothesis.

The n+m m' mass spectrum for the events thus

selected shows a clear q' peak over a small
background. The final sample of 172 accepted

events was chosen by requiring the events to
satisfy the kinematics of q' production and decay:
Events with X' &15 for the two-constraint fit
were accepted. The criterion used is essentially
equivalent to selecting events with an observed
m w n' mass within 3 or 4 standard deviations of
the q mass.

We observe no significant structure in the pw

or pal' mass spectra (not shown) of these events.
The vga' spectrum, Fig. 1(a,), shows a clear

pe» at M(g & ) = 1.3 BeV; the position and width
of this peak agree with those of the A, - pm reso-
nance. With one exception, ' the observed branch-
ing ratio agrees with that obtained in other re-
cent experiments, but is somewhat higher than
previously r eported. '

For the purpose of obtaining branching ratios
we plot in Fig. 1(b) the p II, rgb, and IL K
mass spectra' for events with a four-momentum
transfer to the proton in the region 0.125-1.5
BeV'. The lower cutoff is to remove the "Deck"
background in the p'n channel; the upper cutoff
is chosen so that in all our p' events the proton
could be identified by ionization. In the p w

channel a further selection was made to eliminate
any possible contamination with the N*++(1236);
for all events we look in the 3n rest frame at the
direction of the outgoing proton and select only
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FIG. 1. (a) Distribution of M{g n. ). Bj and B2 define control regions used for background subtractions and R de-

fines the Ji2 mass region. (b) Distribution of M(p II ), M(IIOII ), andM(KK ) for events with four-momentum

transfer in the interval 0.125-22 —1.5. Solid curves give background levels used in computing branching ratios.
The M(X II' ) distributions have no selection on ZP applied. (c), (d) Polar angular distributions for the qoII. system
after background subtraction and for the background used in the subtraction. Curves in (c) are for best fit to 1

2, 3 hypotheses; curve in (d) is fit with Legendre polynomials. (e), (f) Azimuthal angular distributions for the

q 7t. system after background subtraction and for the background used in the subtraction. Curves in (e) represent
best fit to 1,2, 3 hypotheses; straight line in (f) gives background dependence.
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events in which the m+ is emitted in the hemi-
sphere opposite to the proton. This selection re-
moves events with M(pm+) &1.4 BeV.

Figure 1(b) also shows data relevant to a possi-
ble X'w decay mode of the A, . A search was
made for evidence of A2 -X'w in the reaction

~- neutrals.

The method used to separate true X' events from
background is rather less direct than we would
have liked, because of the fact that the measure-
ment errors on the "vf" mass (mass of missing
neutrals) and on the "X "mass (mass of missing
neutrals+ m++ n ) increase rapidly with "X'*'w

mass. We cannot therefore select samples from
fixed-width mass bands. Figure 1(b) shows the
"X'"m mass distribution for two samples of
events (no &' cut is applied): (a) Sample A (un-
shaded histogram) consists of events with ob-
served masses within 1.5 standard deviations of
the vf and X masses. (b) Sample B (shaded his-
togram), the control sample, consists of events
which fail to meet the criteria for sample A, but
which have the observed masses within 2.0 stan-
dard deviations of the rP and X masses. In the
absence of any true X production the ratio of
events should be B/A = (4'-3')/3' = 49/63. The
observed ratios are 48/63 and 2/17, respective-
ly, for the "X'"w mass regions &1.4 BeV and
1.2-1.4 BeV. The most obvious interpretation is
that there are practically no true X' events above
the A, and perhaps 17-18 events in the A, region;
the rapid increase in background above 1.6 BeV
is due to the increase in measurement errors on
"vf" and "X'"masses. We may suppose that the
discrepancy between the number of events in the
1.2-1.4 and 1.4-1.6 bins is a statistical fluctua-
tion; however, the probability of such a fluctua-
tion is &I '%%uo.

We must hasten to remark that an estimate of

non-X events in the A2 region based on the num-
ber of events in the B sample is not likely to be
quite correct. Because of the proximity of the
A, to the "X'"w threshold we believe that the esti-
mate of non-X background obtained by compar-
ing A and B events in Fig. 1(b) is low in the Am

region. Our best estimate of the background is
2-5 events. Our estimate of the number of A,
events in Reaction (1) is 14+ 5 events.

Table I shows the number of observed events
in each channel, the corrected number of events,
and the calculated branching ratios. The sub-
traction for background was done in each case
by use of the freely drawn background curves
shown in Fig. 1(b). The errors shown include
the statistical errors and the uncertainty in the
background subtraction procedure. For the K'K
channel our data give no real evidence for a
peak; hence the branching ratio given is at best
an upper limit. The factors applied to the ob-
served events to get the corrected numbers are
as follows: (a) For (pw), we multiply by 2 to
account for the observed events being taken from
one hemisphere only; we multiply by a factor of
1/0. 84 to allow for events with p' mass outside
the 0.665-0.865 BeV band; and finally we multi-
ply by a factor of 2 to allow for the p n' mode
which we do not observe. (b) For sf', we mul-
tiply by a factor of 1/0. 25 to allow for the unob-
served g' decay modes. (We have estimated the
number of n+m y which we have included in our
sample and made a small correction for this. )
(c) For K K, we correct for KL, and K —w'm',

and include a (small) escape correction. (d) For
X n, to get the corrected number of events we
multiply by a factor of 3 to allow for unobserved
decay modes of the X' and by a factor of 22/32
because no ~' cut was made for this decay mode.

We now discuss briefly the four-momentum
transfer distribution and the polarization of the
rgb in the A, region. Referring to Fig. 1(a), we
call A the A, region and use B, and B2 as control
regions. The total number of events in the A, re-

Table I. A2 branching ratios in ~ p-pA2 at 5.0 BeV/c.

Channel
Observed number

of events
Corrected number

of events Ratio to p7t

(p7t)
n'"

K

82+ 15.4
22+ 6.1

+ 'f. 0

14+ 5

390 + 73
88+24
35+22.5

35.0

29+ 10.3

1.0
0.23 + 0.08
0 09+ '

0.07 + 0.03 a

Previously reported data do not show clear evidence for this decay mode and hence only quote upper limits
(Ref. 1).
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Table II. X
's and density matrix elements for A2 —p n. at 5.0 BeV/c.

gP poo 2p22 2p33 2p1—
1 Xcose

0.70 + 0.10
0.00 + 0.40
0.00 + 0.10

0.30 + 0.10
1.00 + 0.40
0.60 + 0.14

0.00 + 0.10
0.40 + 0.14 0.00

0.30 + 0.10
1.00 + 0.10
0.60 + 0.12

11.0
5.7
9.6

3.6
0.2
1.2

gion is 56, with a background of 24 events esti-
mated by interpolating linearly between B, and

B,. We find (do/dt) cc eAt with A = 4. 5 + 1.5 (BeV)
for the four-momentum transfer distribution af-
ter subtracting background. This is compatible
with the distribution observed in the A2 —p m

channel.
Figures 1(c)-1(f) show the decay angular distri-

butions in the g'n frame with the usual choice
of axes (2 along incident w, g along normal to
production plane). The figures show the angular
distribution of the background (average of re-
gions B, and B2) and of the resonance region af-
ter background subtraction. The subtracted dis-
tributions, before folding, had all the required
symmetries for a pure angular momentum state.
The following features are apparent: (1) The
cos0 distribution appears to vanish at IcoseI =1
and cos8=0. (This is much more apparent when
a smaller bin size is used. ) A sin'9cos'8 distri-
bution fits the data well. (2) The q distribution
peaks at I@I=—,'~, 2n and appears to vanish at Iy I

=0, n. A sinn' distribution fits the data well.
A decay distribution of the form sin'icos'6

~sin'p is expected if J+ = 2+ and if the polariza-
tion matrix is 2pii = 1 2pi-x = 1 Fr m a simple
p-exchange diagram one expects 2pyy: 1 and

2p, —,nearly 1 for the production of a 2 meson.
To determine the uniqueness of this interpetation
of the data, we proceed to find for the three hy-
potheses (J =1,2+, 3 ) the values of the (rele-
vant) spin-density matrix of the rPn system
which give the best fit to the data. The results
obtained by minimizing the y (sum of y for cos6
distribution and q distribution) are shown in Ta-
ble II; the curves corresponding to these fits are
shown in Figs. 1(c) and 1(e). Clearly the 2+ hy-
pothesis fits the data better, but the evidence
against 1 and 3 is not very strong; we note
further that our decay distributions could cer-
tainly be fitted with 4+ or higher spin hypotheses.

As a further test that the p'w and q'~ peaks
in our data come from the decay of a common 2+

parent, we have looked at the decay distribution
in the p'n channel. From the moments of the
distribution of the normal to the (3') decay plane
we find p00=0. 15~0.20; 2p»=0. 84+0.22; 2p»
=0.01+0.36, assuming 4+ = 2+.' These results
are clearly compatible with our results for g @-.
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