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We present the results of an analysis of data for the reaction 7t-p E&K p at 20.3-GeV/c
incident 7t momentum. We Qnd that theE E effective-mass spectrum shows a single peak in

the A2 region which is well fitted by a Breit-Wigner shape. The data in the A2-peak region
are inconsistent with the split-A2 shape reported earlier. The distribution in t of the A2
events shows a forward dip followed by an exponential falloff. The A2 decay angular distribu-
tion is well fitted by a single resonance with quantum numbers J+=2+. The results of an

analysis of the density-matrix elements for this reaction are given.

I. INTRODUCTION

We have studied the reaction m p-K~K p at
20.3-GeV/c incident momentum using the BNL
double-vee magnetic spectrometer to measure the
angles and the momenta of the K and the two
charged pions from the decay of the K~. The pur-
pose of the experiment was to study the production
and decay of I=1 boson resonances decaying via
the KK mode. The region of the A, meson (-1300
MeV) was of particular interest because of the ap-
parent disagreement in the shape of the A, mass
spectrum in several earlier experiments. ' ' The
results of an LBL bubble-chamber experiment '
using a 7-GeV/c w' beam showed a simple Breit-
Wigner shape with sufficient statistical precision
to rule out the shape seen in the CERN missing-
mass spectrometer data'. The latter data, ob-
tained with n in the momentum region 2.6-7
GeV/c, showed a deeply split peak. There were
also several other experiments' which seemed to
indicate a split peak, but these had less statistical
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FIG. 1. The forward arm of the double-vee magnetic
spectrometer used in this experiment. The symbols
S.C. stand for spark chamber, H for scintillation counter
hodoscope, and CT3 for threshold Cerenkov counter.

significance
Earlier measurements 4 had shown that unlike

the pv channel, the K ~K channel had very little
nonresonant background. In addition, because of
the good mass resolution obtained in this experi-
ment, it was apparent that we could make a defini-
tive statement on the A, shape even though the
cross section in this channel is only about 2 p,b at
20.3 GeV/c. Another feature of the low background
is that precise determination of the A., spin den-
sity matrix is possible. The K ~K mass spectrum
from this experiment was published earlier. '

II. EXPERIMENTAL ARRANGEMENT AND

PROCEDURE

The beam used for this experiment was an un-
separated secondary negative beam produced at 0'
by the slow extracted beam at the Brookhaven
AGS. The momentum was 20.3 GeV/c. Two scin-
tillation-counter hodoscopes were used to mea-
sure the angle of incidence at the hydrogen target
to +0.2 mrad (rms), while a third hodoscope up-
stream of a set of three bending magnets (8.7'
total bend) permitted the incident momentum to be
determined to +0.2%. Threshold Cerenkov coun-
ters were used to select pions in the incident beam.
We used approximately 40000 incident beam par-
ticles per pulse, representing one third of the
particle flux through the spark chambers, with a
typical flat-top spill length of 300 msec.

The detection apparatus is shown in Fig. 1. It
is the forward arm of the BNL double-vee spec-
trometer, which will be described in detail else-
where. Briefly, it is a high-resolution magnetic
spectrometer using low-mass, aluminum wire
spark chambers with magnetostrictive readout in
front of and behind a 48D48 bending magnet (48 in.
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wide by 48 in. long by 18 in. high, with 16.7-kG
central field). The size of the active area of the
spark chambers varied from 1 ft by 3 ft for the
smallest chamber to 4 ft by 13 ft for the largest.
All but two of the spark chamber modules (S.C.)
shown in Fig. 1 consisted of two gaps of vertical
wires measuring the x coordinate, two gaps of
horizontal wires measuring the y coordinate, and
one of "se" wires at 45 to x and y. The first mod-
ule contained an extra set of x and y gaps, and the
last module contained no zo gap. The wire planes
forming each gap contained parallel wires which
increased the multiparticle efficiency of the sys-
tem. Each wire plane was read out and the two
readings averaged to give the position of the spark
in the gap. This technique improves the position
resolution of the chambers. Up to eight sparks
could be encoded for each readout. In order to
minimize biases in the apparatus acceptance, the
beam area of the chambers was not deadened. The
angular resolution varied from 0.4 mrad at 4
GeV/c to 0.15 mrad at 20 GeV/c. The momentum
resolution varied from 0.25%%uo at 4 GeV/c to 0.6%%uo at
20 GeV/c. The liquid-hydrogen target had a cylin-
drical cell 2 ft long and 4 in. in diameter with

0.0075-in. -thick Mylar walls capped with 0.005-in. -
thick Mylar domes. This cell was placed in a vac-
uum box with an incident beam port and 0.014-in. -
thick Mylar windows in the forward direction and

on the sides. Forty layers of aluminized Mylar
superinsulation, total thickness 0.010 in. , were
used to insulate the cell.

The basic topology selected by the triggering
system consisted of one charged particle and one
neutral particle leaving the target, with the neutral
particle decaying into two charged particles down-
stream of the target. Selection of this topology
was achieved as follows:

(1) Pulse-height discrimination on a scintilla-
tion counter just downstream of the target was
used to ensure that one and only one charged par-
ticle emerged from the target in the forward di-
rection.

(2) The scintillation-counter hodoscope H6 was
used to demand three or more particles 100 in.
downstream of the target.

(2) Hodoscopes H4 and H4' were set to require
a total of three particles, with two in a "negative-
particle" region and one in a "positive-particle"
region. There is some overlap in the regions il-
luminated by positive and negative particles; a
Monte Carlo study was used to define "negative-
particle" and "positive-particle" regions. The
trigger regions were larger than defined by the
Monte Carlo study in order to avoid biases.

The resultant trigger rate was one trigger for

5000 incident beam particles.
In addition to the A, trigger, we triggered on

two types of monitor events, each gated to give
one event per pulse. One type selected the inci-
dent beam and was used to monitor the beam mo-
mentum and single-track-chamber efficiencies.
The other trigger selected n'w n (~) decays of
negative kaons in the beam in order to monitor a
well-defined process with topology similar to the
A, events.

The data were recorded on magnetic tape and

transmitted in parallel to the PDP-10 computer of
the BNL On-Line Data Facility. The computer did
complete on-line analysis of about 10%%uo of the
events in order to give continuous information on
spectrometer performance for real events, K'
mass resolution, K K' mass spectrum, recoil
mass spectrum, etc. In addition, the computer
monitored the output of a fast-cycling DVM (16
readings per AGS pulse) which stepped sequentially
through the various magnet shunt voltages, magnet
Hall voltages and currents, high-voltage supply
outputs, etc. The computer was programmed to
type out a warning when any reading deviated from
the set value by more than preset tolerance (typ-
ically 1% for quadrupole magnets and 0.1% for the
dipole magnets).

III. DATA ANALYSIS

A. Pattern Recognition
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FIQ. 2. The effective-mass spectrum for all events
analyzed on the basis of the K E hypothesis.

The off-line analysis was performed on the BNL
CDC 6600 computers. The major computing task
was the pattern recognition problem of combining
the spark coordinates into track segments. The
technique used was to treat each two-dimensional
"view" of the event separately and look for straight
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line segments containing at least four sparks. The
"X-view" and "Y-view" tracks thus found were
combined into three-dimensional tracks by check-
ing which combinations coincided with the sparks
observed in the w planes (oriented at 45'to the x
and y directions); then the track segments were
connected through the magnet. A momentum was
calculated for each track using a polynomial rep-
resentation of the magnetic-field-length integral
as a function of the incident angle, position, and
approximate momentum of the track. (The ap-
proximate momentum was calculated assuming a
uniform field. ) Tracks which did not intersect
triggered counters in the H4 hodoscope were so
marked and ignored. Among the remaining tracks,
three-dimensional vertices were sought down-
stream of the target counter. If the event fitted
the topology of one negative prong plus a neutral
vee in the mass region 0.485-0.510 GeV coming
from a common point in the target, the momenta
and positions of the tracks were written on a data-
summary tape. This criterion was met by 0.5/p

of the triggers. Subsequent analysis was per-
formed with the data-summary tape.

B. Kinematic Analysis

Since most of the computer analysis time went
into pattern recognition, the use of the summary
tape proved to be a great convenience. Starting
with momenta and angles, all the events on the
tape could be reanalyzed with any kinematic hy-
pothesis in a very short period of time.

Since the decay products were not identified in
the spectrometer, effective masses for both the
K'K and K'm hypotheses were calculated for
each event. The effective-mass distribution for
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FIG. 4. The missing-mass spectrum for all events
analyzed on the KOK hypothesis. The events around the
proton mass can only recoil fromKK, and hence a
strong discrimination is possible against K x .
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the K'K hypothesis is shown in Fig. 2. No correc-
tion has been applied for the acceptance of the ap-
paratus. A bump on top of a rather large back-
ground can be seen in the region of 1.3 GeV. The
effective-mass plot for the K'm hypothesis for
the same events is shown in Fig. 3. There is clear
evidence of K*(890)production. The missing-mass
spectrum of the events for the K'K hypothesis is
shown in Fig. 4. Events with a missing mass
greater than 1.7 GeV are not shown. There is a
clear peak at the proton mass with a full width at
half maximum (FWHM) of -140 MeV. We selected
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FIG. 3. The effective-mass spectrum for all events
analyzed on the basis of the K ~- hypothesis. There is
a distinct peak at the mass of the K*(890). The shaded
histogram is an effective-mass plot of those events
identified as K K by cutting on the proton recoil, and
then reanalyzed as K m
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FIG. 5. The missing-mass spectrum for all events
analyzed on the K x- hypothesis. The shaded part of
the histogram corresponds to the final sample of K K
events selected on the basis of the recoil proton mass.
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the events with a missing mass in the region of
0.76-1.06 GeV. This sample represented -0.05/0
of our triggers. From our missing-mass spec-
trum, we estimate that the background with recoil
particles other than protons is less than -5%.

The missing mass calculated on the basis of the
K'n hypothesis is shown in Fig. 5. Clearly,
there is no peak due to Z' production. The final
sample of K'K events selected on the basis of the
recoil proton mass (Fig. 4) is shown as a shaded
histogram in Fig. 5. There is a negligible amount
of background of K'm events in our K'K data,
since strangeness conservation would require a
recoil mass at least as large as that of the Z'.
We have also plotted the "Km" effective mass for
the final data as the shaded histogram in Fig. 3.
A smooth spectrum with no structure is obtained.

One further possible source of background, which
could be troublesome in extracting decay correla-
tions, is kinematic reflection from Y* production
in the reaction

P- K'' I~
K p.

We have calculated the missing mass from the I|".'
for our events. This spectrum is shown in Fig. 6;
there is no obvious structure and the spectrum is
generally concentrated at mass higher than that of
known Y~'s. Thus, unlike measurements at low

momentum, we expect negligible contamination
from reflected Y*'s.

IV. RESULTS

A. A~ Mass Resolution

The A., effective-mass resolution was deter-
mined by the accuracy of measurement of the
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angles and momenta of its decay products. The
largest contribution was the angular resolution of
the spectrometer, which contributed approximate-
ly 50%%uo to the square of the A, mass resolution.
The momentum resolution contributed approxi-
mately 20'%%u&. The multiple scattering of the K in

the hydrogen target and target counter contributed
approximately 30/0, all the accepted events had the
K' decay point downstream of the target counter.

The angular resolution of the spectrometer was
measured by sending beam particles at several
momenta through the apparatus with the 48D48
magnet off and comparing the angles upstream and
downstream of the magnet. The momentum resolu-
tion was obtained by sending beam particles
through the apparatus at several momenta with
the magnet on and comparing the momentum as
measured by the beam spectrometer with that
from the spark-chamber spectrometer.

Using these measurements, the calculated K'
mass resolution agreed with the measured value
of 2.7 +0.2 MeV for our A, events

I
see Table I and

Fig. 7(a)]. In this experiment, the K' momentum
spectrum from the A, decay varied over the range
4-17 GeV/c, peaking at 14.5 GeV/c. By including
the contribution of the multiple scattering of the
material upstream of our target counter, the cal-
culation agreed with the measured resolution of
4.2+0.2 MeV of the T decays upstream of the hy-
drogen target, which were collected along with
our A, data

I
Table I and Fig. 7(b)]. . The major

contribution to this last number is the multiple
scattering in the hydrogen tax'get of all three de-
cay particles.

Having obtained agreement between measured
and calculated values for the K' and K mass res-
olutions, we used the same angular and momen-
tum resolutions to predict a value for the A., mass
resolution of 3.5+ 0.4 MeV. This calculation was
done in two ways. One way was to fold the con-
tributions due to multiple scattering, angular, and

momentum resolutions. The other way was to
take each observed A., event and, using a Monte
Carlo technique, change the values of the angles
and momenta of the three decay particles at ran-
dom, consistent with our measured angular and
momentum resolutions, and then recalculate the

IO— TABLE I. The A2, E, and K effective-mass resolu-
tion in this experiment.
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FIG. 6. The missing-mass spectrum from the K for
allK K p events. This figure shows that at this high
momentum the experiment is not contaminated by 7*
production.

n-P Ap p
Ko „+S
K n+ 7t 7r

A2
KO

K
2.7+0.2
4.2+0.2

3.5 + 0.4
2.8 +0.2
4.1 +0.2
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A, effective mass. The width of this mass-differ-
ence distribution was consistent with that obtained
by calculating the A., effective-mass resolution di-
rectly from the angular and momentum resolu-
tions.

B. Apparatus Acceptance

The acceptance of the apparatus was evaluated
by a Monte Carlo program which generated events
for a range of values of the four kinematic vari-
ab1es t', I, cose, and cp, where t (t'=t —t;„) is
the negative of the four-momentum transfer
squared for this reaction and 0 and cp are the de-
cay angles of the A, (defined in the Gottfried-
Jackson frame'). The acceptances in this four-
dimensional space were then used to perform the
necessary normalization for maximum-likelihood
fits to the mass spectrum, t dependence, and de-
cay angular dependence of the data. The mass ac-
ceptance obtained by integrating the observed dis-
tributions in t', 0, and y varies smoothly from
V.5% at a mass of 1.2 GeV to 4% at a mass of 1.4
GeV. Of the generated events, 55% were elim-
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FIQ. 7. (a) The reconstructed mass of K&decaying
into 2n in this reaction. (b) 7 decays (K decaying into
37t ) in the beam recorded during the A2 data runs. The
curves are not fitted curves, :but rather the values ob-
tained from the Monte Carlo study (see text). The mass
scale is uncertain by =0.5 MeV.

FIQ. 8. TheE K effective-mass spectrum for those
events having a proton recoil; (a) uncorrected for ac-
ceptance, and (b) corrected for the acceptance of our
apparatus. The A2 signal at 1.3 QeV is produced with
very little background. The curves are explained in the
text. The mass scale is uncertain by ~1 MeV.
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inated by the target counter because the K' de-
cayed in the hydrogen target.

C. Mass Spectrum

The distribution of K'K effective mass is shown
in Fig. 8. Figure 8(a) shows the data uncorrected
for apparatus acceptance. There are 721 events
in this spectrum. Figure 8(b) shows the mass
spectrum in the range 1.1-1.5 GeV corrected for
the apparatus acceptance.

There is no statistically significant structure in
the peak centered at 1.3 GeV. We have fitted the
data with the Breit-Wigner form expected for a
D -wave resonance ':

mm, r(m)
(m'-m ')'+ [m I'(m)j

where

q, =q(m, ), and q is the momentum of the K's in the
A, rest frame. p(q) is expected to be a slowly
varying correction chiefly for angular momentum
barrier effects. We have used

p(q) = (9+3R'q'+R'q') ',
where R is fitted as a free parameter. ' The re-
sults of the maximum-likelihood fit" are mp
=1.313+0.004 GeV, Fp 0.113+0.019 GeV, R'
=10+14 GeV ', and X'=37.1 for 36 degrees of
freedom (d.f.), an excellent fit. This fit, modi-
fied by the acceptance, is shown as the solid
line in Fig. 8(a). No background term was neces-
sary in the fit." Note that due to the distortion
caused by I'(m), this functional form has a peak at
1304 MeV and has a full width at half maximum
of 104 MeV.

A good fit is also obtained using the simple S-
wave Breit-Wigner form

I/2
(m —m, )'+ (I'/2)'

mp=1. 312+0.003 GeV, F =0.096+0.008 GeV, and
X'=45.7 for 37 degrees of freedom. The stated
errors are statistical only. The mass scale error
is estimated to be approximately 1 MeV. The fit
parameters are sensitive to uncertainties in the
Monte Carlo parameters, however, and the esti-
mated errors due to this effect are +2 MeV on m,
and +1 MeV on the S-wave 1. The D-wave F, is
strongly correlated with the D -wave R parameter
and slight changes in the shape of the mass ac-
ceptance produce large tradeoffs between these
two parameters. Estimates of the acceptance er-
ror limits are +6 MeV on F, with a correlated v9
GeV 'one'.

D. Differential Cross Section

The differential cross section do/dt for the
K K decay channel of the A, is given in Table II
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FIG. 9. The K K mass spectrum for those events of
Fig. 8(a) with ft'I greater than 0.2 (Gev/c)2. The curves
are the fits of Fig. 8(a) normalized to this data.

No acceptable fit is possible with the dipole mass
shape used for the CERN missing-mass data:

(m -m, )1"

(m -m, )'+ (I'/2)'

Using 4 MeV for the mass resolution, the best fit
(mc =1.303 GeV, I'=29 MeV), within 5 MeV of the
CERN parameters, is shown, modified for ac-
ceptance, as a dashed line on Fig. 8(a). The value
of )(' (1|7for 40 data points) corresponds to a 10-
standard-deviation rejection. Searching the region
1.26& m, & 1.34 GeV, 0.02& F& 0.04 GeV, we found
no X' better than 135, still nearly 8 standard de-
viations.

Another parametrization tried was the sum of
two Breit-Wigner shapes. The best fit was ob-
tained with most of the events in one peak centered
near 1.30 GeV and about 8%% of the events in a sec-
ond peak centered near 1.38 GeV. Forcing the
two Breit-Wigner shapes to have equal amplitudes
gives a fit with the peaks superimposed on each,
other. From this we conclude that two incoherent
Breit-Wigner shapes do not characterize the data.

Figure 9 shows the spectrum of K'K effective
mass for events with squared momentum transfer
I
t'I & 0.2 (GeV/c)'. We have examined the data

over this t range using the parameters given for
the fits shown in Fig. 8 with the results shown in
Fig. 9. The statistics are not really adequate in
this case (198 events in the range 1.2-1.4 GeV),
but the single Breit-Wigner shape is still pre-
ferred, having a )(' of 38 (probability of =55%%)

versus a )(' of 61 (probability of =3%) for the dou-
ble pole.
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TABLE II. The differential cross section for the re-
action m P A2 p, with A2 -E E . The errors are
statistical only. We estimate a systematic scale uncer-
tainty of +30gp in the cross section.

t' [(GeV/c) ] do/d t [pb/(GeV/c) 2]

b
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I

1.2

0 to -0.02
-0,02 to -0.04
—0.04 to -0.06
—0.06 to -0.08
-0.08 to -0.10
-0.10 to -0.12
-0.12 to -0.14
-0.14 to -0.16
-0.16 to -0.18
-0.18 to -0.20

-0.20 to -0.25
-0.25 to -0.30
-0.30 to -0.35
-0.35 to -0.40
-0.40 to -0.45
-0.45 to -0.50

-0.50 to -0.60
-0.60 to —0,70
—0.70 to —1.1

2.55 + 0.56
6.93 +0.93
6.09+0.90
5.10+0.84
5.67+ 0.90
5.47 + 0.90
5.63+0.93
5.42+ 0.93
8.23 + 1.16
4.76+ 0.90

3.50 + 0.50
3.04 + 0.49
3.39~ 0.54
2.37 + 0.47
2.24+ 0.48
0.99+ 0.33

0.74 + 0.21
0.73+0.23
0.14+0.05
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FIG. 10 (a) The &' distribution of events in the A2
mass spectrum. The solid line is a fit of the form e~~

over the t' range 0.1 &
I
t'

I
& 1.0 (GeV/c) . (b) The small-

It'I region plotted in t'bins of 0.01 (GeV/c)t. The dip in
the forward direction is clearly evident in this plot. The
solid line is a fit of the form (-t')'e~' . Ne estimate a
systematic scale uncertainty of 30fp ln the cross sec-
tion in both (a) and (b).

and shown in Fig. 10. The cross sections are cor-
rected for the unseen K' branching fraction as
well as for the fraction of the Breit-signer area
outside our mahs interval. The variation in ac-
ceptance is a smooth function of t. The errors
given are statistical only. %e estimate the sys-
tematic scale uncertainty in the cross section to
be =30%.

The cross section shows a sharp forward dip
near four-momentum transfer t = t and an ex-
ponential fall approximately as e" for It'I larger
than 0.1 (GeV/c)'. A maximum-likelihood fit to
the form (-t')'e"' for the /i, mass region 1.2-1.4
GeV gives values for the parameters a =0.48
+0.08 (GeV/c) ' and b=5.7+0.5 (GeV/c) '. A
maximum-likelihood fit to the form e" for the
region 0.1 & It'I & 1.0 (GeV/c)', over the same /1,
mass. range, gives a value for the parameter
5=4.1+0.4 (GeV/c) '. The errors given on the
parameters are statistical only.

E. Spin Density Matrix

The normalized angular distribution of a spin-2 meson decaying to two pseudoscalar mesons is, in
general~

A(8, P) =
I
Sp„(cos'8 ——,')'+ 4 sin'8 cos'8(p» —p, , cos2$) + sin'8 (p» —p, ,cos4$)

16m

—4v 6 Rep„(cos'8 ——,') cos8 sin8 cosp —2v6 Rep„(cos'8 ——,') sin'8 cos2$
-4 sin'8 cos8 (Rep» cosg —Rep, , cosSQ)] .
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TABLE p7. Results of a constrained maximum-likelihood fit to Eq. (1). The column labeled is the ratio of the
likelihood obtained for this fit to that for the fits of Table III.

t' region
[(GeV/c)'] poo Repro Rep&& Rep&o Rep2

y2(cos 0) g~ (P)
p& 2 (17 d.f.) (5 d.f.) g

0 to -0.1 0.098 0.415 0.025 0.382 0.036 0.021
—0.1 to —0.2 0.008 0.491 -0.013 0.450 0.005 0
-0.2 to -0.6 0 0.450 0 0.450 0.050 -0.015

0.002
0
0

0.020
0

-0.015

0.007 21.4
0.005 16.2

-0.050 16.2

1.9
6.8
8.8

3.0
1.6
1.6

0 to -0.6 0.046 0.451 -0.001 0.427 0.026 -0.003 -0.003 -0.015 26.4 6.0 1.03

In each case, an acceptable X' is obtained for both
8 and Q distributions. Except perhaps at small
~t~, p« is small, indicating that exchange of par-
ticles with natural spin-parity dominates.

Finally, although the statistical accuracy is
marginal, we have done a full density-matrix fit
including all eight adjustable parameters. The fit
was constrained by the limits imposed on the den-
sity matrix by the positivity conditions for an ob-
ject of spin 2." The results are given in Table IV.
The column labeled g gives the likelihood ratio
for the eight-parameter fit versus the four-param-
eter fit given in Table III. Clearly, no significant
improvement is obtained, and the new parameters
are close to zero. This indicates that the density
matrix elements in Table III are a good represen-
tation of the data.

V. RELATED EXPERIMENTS

Since the conclusion of this experiment, there
have been reports on a number of other experi-
ments which have examined the question of struc-
ture in the A., mass spectrum. The statistically
most significant of these experiments" all report
no evidence for structure.

Of the remaining experiments, "some claim
evidence for structure; others claim evidence for
no structure. Because of a lack of sufficient num-
bers of events in the A., mass region, or high back-
grounds, or both, these experiments are unable

to make statistically convincing arguments on the
question of A., splitting.

VI ~ SUMMARY

This experiment has shown that in the K 'K de-
cay channel, the A., meson has all the expected
characteristics of a single resonance with quantum
numbers I=1, J~=2'. A split structure of the
type observed for this resonance in the CERN
missing-mass spectrometer is ruled out for our
mass spectrum (see Fig. 8). The decay angular
distribution may be explained by a dominant ex-
change of natural spin-parity objects (p' and f')
in the production process: The production t dis-
tribution shows a strong forward dip as expected
for such processes.
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Seventeen differential cross sections of the pion-nucleon charge-exchange reaction have
been measured at total center-of-mass energies of 1245, 1337, and 1363 MeV. Most mea-
surements are based on the neutron-photon coincidence method, using carefully calibrated
neutron counters and an efficient, large-area photon detector. The results are used to test
the predictions of charge independence, with which they agree. The results also confirm the
Ayed-Bareyre-Sonderegger phase-degeneracy hypothesis at O~p = 180'.

I. INTRODUCTION

We have measured the differential cross sections
for the pion-nucleon charge-exchange (CEX) reac-
tion,

m P-n'n,
at 317-, 452-, and 491-MeV/c pion momenta in
the laboratory, corresponding to E =1245-, 1337-,
and 1363-MeV center-of-mass total energies.


