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We have studied the S~ meson using data from the reactions m p in+a n and m' p i K'K n at 1980 MeV/c.
The parameters of the S~ pole were found by fitting the dimeson mass spectra from these reactions to a Breit-

Wigner resonance formula with a coherent background. The dimeson mass was calculated from the beam and

neutron four-vectors, the latter being measured by a time-of-flight technique. The mass resolution is cr = 4
MeV/c'. Dimeson production was identified by analyzing the final-state meson trajectories with a
magnetostrictive wire spark-chamber spectrometer. The events in our data sample were required to have a
slow forward-going neutron which restricted the allowed range of four-momentum transfers to

~

t —t;„~
&0.003 (GeV/c)' in the S~ region. From asample of 21700 m+m n events and 52 K+K n events, we find the

position of the S* pole to be {970+5) —i(22 ~ 5) MeV/c as compared to the present world average value of
(993 + 4) —i(20 ~ 4) MeV/c~.

I. INTRODUCTION

Both the rapid drop in the cross section for the
process

near dipion mass 950 MeV/c and the rapid rise
above threshold for the reaction

mP Xm (3)

at a beam momentum of 1980 MeV/c. Here X'
stands for any nonstrange neutral meson system.
As will be discussed below, the neutron from re-
action (3) was experimentally chosen to be in the
forward direction and of relatively low momentum.
In the over-all center-of-mass frame such neu-
trons are produced very near to 180' from the in-

rP KKn
have been explained in terms of a pole in the mn.

scattering amplitude near K'K threshold. ' This
pole, known as the S*, has been shown to occur in
the dipion s-wave. ' The study of this resonance
typically has proceeded either through a fit of a
Breit-signer resonance form to the mass spectra
for dimeson-production reactions' ' or through
a complete partial-wave analysis. ' ' A primary
advantage of the full partial-wave analysis is its
use of angular information to separate the s-wave
contribution to the cross section from the contri-
butions of higher partial waves. For the purpose
of studying the S* these higher partial waves may
be considered a background. The largest such
background typically comes from the p resonance
in the p wave although the d wave has also been
shown to be important. '

In this paper we present data on reactions 1 and
2 from an experiment which studied the reaction

cident beam direction. The events accepted were,
therefore, extremely peripheral corresponding to
four-momentum transfers squared in the range
~t —t s, ~

&0.003 (GeV/c)' for X' masses below 1000
MeV/c'. The minimum momentum transfer t~„ is,
of course, a function of the X' mass.

As has been noted previously the p-production
differential cross section dips near t=t .' As a
result, we observe very little p production in our
data and the S* becomes its dominant feature. This
combined with the relative sharpness of the S* ef-
fect allows a precise determination of the S* pa-
rameters without any attempt at partial-wave sep-
aration.

II. EXPERIMENTAL DETAILS

The apparatus used in this experiment has been
described before' and will be discussed in detail
elsewhere. The data were taken at the Argonne
National Laboratory Zero Gradient Synchrotron
(ZGS). At beam momentum 1980 MeV/c, a typical
beam flux was 2 x10' particles per pulse in a
+ 1.5%%uc momentum bite. Beam momentum was fur-
ther analyzed to + 0.25% by a set of six overlapping
tagging counters at the first focus. As is shown in
Fig. 1, neutrons from reaction (3) were detected
after a 5.30-m flight path from the 38.1-cm liquid-
hydrogen target. The neutron-counter array was
built of 30 plastic scintillator detectors each 30 cm
x30 em@15 cm deep. The array was centered on
the beam line and subtended laboratory angles up
to 12.5 . The total solid angle subtended by the
neutron-counter array was 0.098 sr.

As was mentioned above, the experiment was
designed to detect only the most peripheral events
from reaction (3). These events correspond to
slow forward-produced neutrons where slow means
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FIG. 1. Plan view of the experimental apparatus including the beam and trigger counters, the neutron detector (N),
and the spectrometer.

neutron speed p= v/c in the range 0.17 to 0.42. For
our 5.30-m flight path the corresponding neutron
time-of-flight (TOF) interval is 42 to 103 nsec.
The mass of the X' in reaction (8) may be calcula-
ted from the beam and neutron four-momenta. In
the forward direction this calculated mass, the
missing mass (MM), is a strong function of TOF,
but a very slowly varying function of the neutron
polar angle. Thus, there is nearly a one-to-one
correspondence between the measured TOF and
MM. For the TQF range of this experiment, the
MM lies in the interval 760 to 1080 MeV/c'. The
MM resolution is also most strongly dependent on
the TOF resolution. Even with our relatively large
30-cm neutron counters, our TOF resolution o. =0.6
nsec makes the principal contribution to the calcu-
lated MM resolution which is c = 4 MeV/c' at an A'
mass of 950 Me V/c'.

The momentum and angle measurements required
to select events from reactions (1) and (2) were
made by incorporating the neutron detection ap-
paratus into the effective mass spectrometer'
(EMS) at the ZGS. The EMS is a magnetostrictive
wire spark-chamber spectrometer with a typical
spatial resolution of 0.5 mm and a magnetic field
integral of 1140 kG cm. Its over-all momentum
resolution is Ap/p = 0.002p in units of GeV/c. This
corresponds to an effective mass resolution for the
pion pair of reaction 1 of 6 MeV/c' at an effective
mass of 950 MeV/c'.

The experimental logic was designed for maxi-
mum flexibility in detecting all the final states of

the X' in reaction (8) subject to the constraints im-
posed by the spectrometer. A specific spectro-
meter requirement was at least one particle
through all five spark-chamber planes. This was
implemented by requiring at least one charged
particle in the 40-element T'2 hodoscope following
the magnet. The additional logic requirements
were a beam particle signal, one and only one neu-
tron counter signal during the allowed TOF inter-
val, and at least one particle in the 11-counter
hodoscope T1 between the target and K1 chambers.
An event was vetoed if a charged particle hit the
beam halo counter V1, the unreacted beam veto
counter V2, or that element of the charged-particle
veto hodoscope V3 which covered the counter which
detected the neutron. To avoid timing ambiguities,
any event which had another beam particle arrive
within 400 nsec of the triggering beam particle was
eliminated.

Events from reaction (8) were subdivided into
three analyzable classes depending upon the
amount of spectrometer information available.
The first class of events had two charged particles
of opposite polarity momentum analyzed in the
spectrometer. For reactions (1) and (2), these
events were four-constraint (4C). The cuts used
to select the final data sample of four-constraint
events for reactions (1) and (2) required that the
longitudinal momentum balance to + 7 MeV/c, that
the two transverse momentum components balance
to + 4 MeV/c, and that the mass squared of the
neutron as calculated from the beam and meson
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four-vector be correct to + 0.05 (GeV/c') .
For the second class of events, one particle tra-

jectory was momentum-analyzed and a second had
its angles measured in the front EMS spark cham-
bers Kl and K2. For reactions (1) and (2) such ev-
ents are three-constraint (SC), the specific con-
straints used being coplanarity, meson-meson
opening angle, and the momentum of the analyzed
trajectory. Coplanarity was defined as the tilt an-
gle between the two planes formed by the n' and X'
directions and by the m and X' directions. The X'
direction is along the vector difference between the
beam and neutron momenta. The coplanarity angle
was required to be less than a 80 mrad. The co-
planarity constraint is a requirement of three-mo-
mentum conservation which means that it is inde-
pendent of any final-state mass assignments. The
opening angle between the mesons may also be cal-
culated from three-momentum conservation.
Agreement between the measured and calculated
opening angles was required to within+ 50 mrad.
Finally, energy conservation plus an explicit
choice of masses can be used to predict the mo-
mentum of the measured trajectory. The differ-
ence between measured and predicted momenta
divided by the predicted momentum was required
to be less than + 0.04.

Events of the third class had one momentum-an-
alyzed track and no further spectrometer informa-
tion. For reactions (1) and (2) they are one-con-
straint (1C), the constraint used being the momen-
tum-difference constraint described above for 3C
events. Additional counter data were also used
with 1C events from reactions (1) and (2) to reduce
their signal-to-noise ratio. The second meson was
required to have been detected either in the T1
counters or in the 16-counter hodoscope H which
surrounded the target on its remaining five sides.
The specific element of Tl or II which should have
detected the second meson was determined from
momentum conservation and a signal from that
counter was required for all events in the final 1C
data sample. In Fig. 2 we present the momentum-
difference constraint for 1C events after the coun-
ter cut. The signal-to-noise ratio for the data in-
side our+ 0.03 cut is 11.5-to-1.

In all, a total of 7.4&&10' beam pions were used
in the experiment described in this paper. These
yielded 441 4C m'n n events, 52 4C K'E n events,
3266 3C n'~ n events, and 17 977 1C w'm n events.
The number 17977 includes both signal and noise.
The other event samples were effectively free of
noise. For reaction (2) (K'K n) near threshold
virtually all the data are 4C; therefore, only these
data were used for analysis of the K'K n final
state.

Because of its small size, the 4C m'g n data
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sample was used to check spectrometer alignment
only. Figure 3 presents for these events the dif-
ference between the MM and the effective mass of
the meson pair. The distribution in Fig. 3 shows
the agreement between the effective mass and MM
scales. A two-dimensional histogram (not shown)
of effective mass versus MM shows no systematic
variation between the two mass scales as a func-
tion of mass. Furthermore, the width of the dis-
tribution in Fig. 3 is consistent with the stated MM
and effective mass resolutions.

To verify our mass scale we look for ~ produc-
tion in events fitting the hypothesis z p -n'w n'n.

IOO—

O
O
O
n 50—

Z.'
LLI

O
LLI

-0.05 0.0 0.05
EFFECTIVE IVIASS —MISSING IVIASS

(Ge V}

FIG. 3. The difference between the spectrometer
measurement of dipion mass and the missing mass for
the reaction m P m'+m n. The events in this figure are
4C.

FIG. 2. For the 1C data from the reactions p m+x n,
the momentum of the measured track as calculated from
four-momentum conservation minus the measured mo-
mentum divided by the calculated momentum. Events in
this figure were required to have a signal from the un-
analyzed pion in the T1 or B counter (Fig. 1) predicted
by three-momentum conservation. The arrows indicate
the cuts used to select the final data sample.
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Figure 4 shows an u signal near our low mass-ac-
ceptance limit. An examination of our mass ac-
ceptance shows that it is nearly constant through
the region of the figure and does not distort the w

signal. The data in Fig. 4 are fitted to a Gaussian
signal plus a constant background. The width of the
&o from the fit is I" = (13+3) MeV/c'. After correc-
tion for our experimental resolution we find the +
natural width to be (9+ 3) MeV/c' consistent with
the tabulated world average. ' The m peak is cen-
tered at (781+2) MeV/c' slightly below but consis-
tent with the tabulated value of 783 MeV/c'. As
will be considered later, we have another check on
the MM scale as the MM spectrum for 4C K'K n
events is found to be consistent within the experi-
mental resolution with a threshold at 2m~+.

The MM for 1C r'm n events is histogrammed in
Fig. 5. The data show flat behavior at high and

low MM with a rapid transition over the 40-MeV/c
interval between 940 and 980 MeV/c'. This we
identify as the S* edge. The normally large p sig-
nal is not apparent even though the mass spectrum
begins at 770 MeV/c', the maximum of the p peak.
An examination of the events falling immediately
outside the 1C n. 'n. n cut shows a flat MM spec-
trum. Given the 11.5-to-1 signal-to-noise we ex-
pect 24 background events per 5-MeV/c' bin in
Fig. 5.

Figure 6 presents the MM spectrum for 3C n ~ n
events. There are significantly fewer events than
in the 1C spectrum and they are concentrated at
low masses. However, a pronounced break is still
apparent near 950 MeV/c'.

To investigate the differences between 3C and 1C
spectra we have performed a Monte Carlo calcula-
tion of the spectrometer acceptance. At discrete
values of MM, events were generated to populate
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FIG. 5, The MM spectrum for events from the reaction
7t p —x+x n where only one pion reaches the spectro-
meter. The solid curve is the best S* fit to the data as
described in the text. The dashed curve is the best fit
if the nonresonant s-wave phase is held at 90'.
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uniformly the neutron counters as the data were
observed to do. Decay pions from the X', which
was assumed to be spin zero, were propagated
through the spectrometer and the event was as-
signed to a constraint class or was undetectable
depending on which spark chambers intercepted
the trajectories. For purposes of field integration,
a square field with vertical focusing was found to
be adequate after comparison with a sample of
events processed using a full inhomogeneous field
integration. Corrections for in-flight decays were
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FIG. 4. The MM spectrum for events satisfying the
hypothesis 71' p 7t+7t 7t n. The data have been fit to a
constant plus a Gaussian cu.

FIG. . 6. The MM spectrum for 7t p 7I+x n where one
pion is momentum analyzed and the second has only an
angles measurement in the spectrometer. The curve is
the best 8" fit.
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important. The successfully detected events by
constraint class were then transformed into the X'
rest frame (RF, the Gottfried-Jackson frame was
used. ) For our highly peripheral events, the
Lorentz transformation to and the polar axis of the
RF are essentially along the beam direction. The
4C events were found to populate a m' polar angle
8 region near 90' in the K' RF. After transforma-
tion into the laboratory frame, the two mesons are
forward going and nearly symmetric with respect
to the beam line. This condition ensures two tra-
jectories which pass through the spectrometer.
The detection efficiency drops as the transverse
momentum increases which means that the ac-
ceptance falls with MM at a given RF polar angle.
The 1C events are produced with the g' either par-
allel or antiparallel to the beam direction. This
gives one particle through the spectrometer while
the second misses altogether. The acceptance for
1C events is nearly MM independent. The 3C ac-
ceptance is intermediate between the other two
classes in angle. It falls with MM although more
slowly than the 4C acceptance. An important point
is that we accept one- and three-constraint events
independent of the polarity of the analyzed trajec-
tory. This gives acceptances which are symmetric
about 8=90'in the RF.

Efficiencies were also generated for nonzero-
X'-spin states. The general result is that spin-
projection-zero states, whose angular distribu-
tions peak near 0=0' and 180', tend to populate
the 1C class, whereas nonzero projections are
more important to the 3C class. One effect of this
may be seen in the absence of p from the 1C data
where the spin-projection-zero-production dif-
ferential cross section has been observed to dip
near t = t~."'

For the analysis presented in this paper, only
the acceptance versus MM obtained by integrating
over RF angles is needed. After integration, the
acceptance for 1C events is MM independent to
within 10%%uo, whereas the 3C acceptance is a de-
creasing function of MM. This accounts for the
largest part of the difference between the data in
Figs. 5 and 6. Other contributions to the experi-
mental acceptance are at worst slowly varying
functions of MM. As will be demonstrated later,
any weak dependence of the acceptance or back-
grounds on MM does not bias the S* parameters
which are determined by the sharp edge in the
data. Two specific mass dependences which are
demonstrably weak in this context are the p Breit-
Wigner and foreseeable s-channel effects. Indeed
it is the sharpness of the S* shoulder relative to
such effects which permits, within the framework
of the model used, an extraction of the s-wave pa-
rameters.

III. ANALYSIS

The analysis procedure we use is minimization
of the y' for the hypothesis that the mass spectra
in Fig. 5 and 6 are of the form

=J'(M)F(t, M)[c',(M)
i
T',(M)i'

dN, (M) is the number of events of constraint class
c in the missing-mass interval dM. Z(M) is the
solid angle subtended by the neutron counters in
the over-all center-of-mass frame multiplied by a
normalization constant. e', is the s-wave Monte
Carlo efficiency for constraint class c, T'„ is the
s-wave pz scattering amplitude. c,' and T'„are the
corresponding p -wave functions. We have tried
fits including corresponding d-wave functions in the
form of the f meson and have found their contribu-
tion to be consistent with zero. Note that Eq, (4)
implicitly assumes that an integration over angles
(in the RF) has been performed The cr.oss term
between s and p waves cancels in this integration
because our detection efficiency is symmetric
about 90 .

The factor F(t,M) describes all of the dynamics
of the reaction except for the gn scattering term
which is explicitly factored out. The form of I is
not known; however, we find from our analysis
that the S* parameters are independent of the form
of I' provided it is only a slowly varying function
of M. Specifically we have performed separate
analyses of 1C m'v n data using a one-pion ex-
change form for +' and using the form exp(7t~„).
We have also analyzed with the product &(t,M)
J(M) set equal to a constant. Neither the s-wave
cross section nor the over-all quality of our fits
(y,

' probability) is a, function of the choice among
these three options. The results to be presented
were obtained using the one-pion exchange form
for E.

We parameterize the s-wave amplitude by'"

Here 5, M„g„and g~ are the adjustable param-
eters; m„+, m~+, andm~o are the masses of the
», K', and K'. r» is the sum of the partial
widths for decay to the i'ina. l states K'K (I'»+) and
K'K'(r». ). Below KK' thresholds the positive
imaginary square root is implied. The final ob-
jective of our analysis, the position of the S pole,
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is by definition the complex zero of the denomina-
tor of the second term of To(M).

For the p-wave contribution either we use a p
Breit-Wigner multiplied by the Monte Carlo-gen-
erated efficiency, or we include the p-wave effects
in the background term B,(M). The former case
will be referred to as the physical background, the
latter as the polynomial background. For the phys-
ical background the p amplitude is a parameter and

B,(M) is taken to be a. constant. In the polynomial
background B is taken as a linear function of M for
1C data and a quadratic function for 3C data. The
final form of Eq. (4) contains either seven or eight
adjustable parameters: the over-all normaliza-
tion, four s-wave parameters and two or three
background parameters. We find that not all the
s-wave parameters can be determined from the
p'p n data. The reason is illustrated in Table I
where fits are made to the 1C n-'z n data after fix-
ing g~ at various values. We obtain excellent fits
independent of g~. In fact, the n. z n data by them-
selves are consistent with the hypothesis g~= 0
which implies no coupling to the KK system. The
remaining parameters of the s-wave amplitude are
strong functions of g~, but if one extracts the posi-
tion of the S* pole, it is nearly independent of g~.
Our procedure then is to fix g~, fit our two data
sets to the expression in Eq. (4), and extract the
pole parameters. We then fit our K'K n data as
will be described later to find g~.

We have already noted the independence of the
pole position on the form of p'(t, M). To check its
dependence on background we list in the first four
rows of Table II the pole position from fits made
to the data in Figs. 5 and 6 using the physical and
polynomial backgrounds. The y' probabilities for
the various fits are given in column 4 of Table II.
The 1C fits are excellent and the 3C fits are ac-
ceptable. The fits from rows 1 and 2 are shown
as the solid curves in Figs. 5 and 6, respectively.

There is an obvious consistency between fits to the
two data classes and an independence from the
background parameterization. The computed pole
position is found to be independent of the form of
the background within the computed errors. We
have tried other fits, among them higher-order
polynomial backgrounds, with equivalent results.
The pole parameters display an independence from
the RF decay angles since the two data classes
sample different angular ranges. The over-all
normalizations are also consistent within errors
which serves to check the Monte Carlo efficien-
cies. For example, for the two physical back-
ground fits, the normalizations are 578+ 37 and
640+ 67.

To complete the analysis we fit the sample of
4C K K n data shown in Fig. 7. The fitting func-
tion used was"

(6)

Equation (6) is the analog of Eqs. (4) and (5) with

p wave omitted and the s-wave amplitude replaced
by the inelastic amplitude T~ for the process z'z
-A K . The efficiency &~0(M) is the Monte Carlo
generated K K acceptance. In fitting with this
function we hold the S*pole at the value given
above from the m'p fits. We hold the over-all
normalization at the m'g value. This leaves one
free parameter, g~. Because of nonzero M reso-
lution there are some K'K n events below thresh-
old. To analyze these data it is necessary to in-
clude our o = 4-MeV/c' resolution in the fit."
Likewise even a small mass shift can affect the
fits enormously. We have already observed that
the mass of our v signal is 2 MeV/c' low. We also
find that the K'K threshold is 3 MeV/c' low.

TABLE I. Table I demonstrates the independence of the S*pole position (as calculated from
the x+vr & 1C data) from the parameter g&. Each row gives results from a fit with g& assigned
the value in column 1. Column 2 gives the X probability of the fit, while columns 3 through 5
give the remaining s-wave parameters, Column 6 shows that the pole is a very weak function
of gz and may even be found for go=0.

X

probability
(%)

Mo
(Me&/c )

s-wave
background

phase
(degrees)

Pole
position

(Me/'/c )

2.5
0.5
0.25
0.06
0

95
97
95
94
93

0.71 + 0.14
0.20+ 0.04
0.15+0.03
0.11+0.02
0.09+ 0.02

745+ 23
917+8
942+ 6
959+ 4
964+ 4

61+ 6
62+ 5
61+ 5
57+ 5
55+ 4

(971+5) —z (23+ 5)
(971+5) —i (22+ 5)
(967+ 5) —i (22+ 5)
(965+ 5) —i (21 + 5)
(964+ 5) —i (21+ 5)
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TABLE II. The results in Table II demonstrate the independence of the S* pole position
(column 6) and s-wave background phase (column 5) from the form used to parameterize
background in the X fit. Each row of the table represents a separate fit. Column 1 lists
the constraint class used, column 2 the mass range of the fit, and column 3 the background
form as described in the text. Column 4 is the X probability of the fit.

Constraint
class

Mass
range

(Mey/c2)
Background

form

X

probability
(Vo)

s-wave
background

phase
(degrees)

Pole
position
(Mey/c2)

1C
3C
1C
3C
1C
3C

770—1070
770-1070
770—1070
770—1070
890-1015
900—1015

Linear
Quadratic
Phys ical
Phys ical
Constant
Constant

94
9

94
2

86
87

57+ 5
49+ 14
57+ 5
51+ 7
59+ 9
35+14

(965+ 5) —& (21+ 5)
(970+6) —i(13+6)
(966 + 4) —z (21+ 4)
(972+ 6) —i (24+ 5)
(973+ 6) — (26+ 5)
(962 + 10) —i (27+ 7)

After compensating for this shift we obtain the 75%
confidence-level fit shown in Fig. 7 for g~
= 0.25+ 0.05. The values for g„M„and 5 are
found by refitting the m'z n 1C data with a 3-
MeV/c' mass shift and gz = 0.25. The resultant
values are g =0.14+ 0.03, Mo=943+6 MeV/c', and

P =60'+ 5 . From these results, the position of the
S*pole is (970+ 5) —i(22+ 5) MeV/c', on the second
sheet.

Our nonresonant s-wave background phase is
markedly different from previous observations
which have either been near 90 ' or near 0 .'
Likewise, the real part of our S* pole position is
approximately 20 MeV/c' below the world average. '
We do observe from our fits that the position of the
S* pole is correlated with the background phase. If
we fix the background phase at 90 in agreement
with Ref. 3, the best fit is shown as the dashed
curve in Fig. 5. The quality of the fit suffers as
the fitting function is no longer able to reproduce
the sharpness of the S*. The pole moves to
(996+ 2) —i(35+ 6 MeV/c' giving a. real part of the
pole position in agreement with the world average
and an imaginary part too large by a factor of 2.

A possible explanation of the discrepancy be-
tween our pole position and the world average
would be the inadequacy of our model which holds
the background phase constant over our entire
mass range. However, fits over a restricted mass
range (rows 5 and 6 of Table II) show that the best-
fit ba,ckground phase does not change when data far
from the S~ edge are eliminated. A background
phase substantially below 90' is required to match
the data near 950 MeV/c'. A slow variation in this
phase at other masses could be absorbed in the
background terms from higher partial waves.
These results stiQ hold for fits to even smaller
mass ranges although the parameter errors be-
come large rapidly.

IV. CONCLUSIONS
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FIG. 7. The MM spectrum for 7t P —K+K n with both
kaons momentum analyzed in the spectrometer. The
curve is a one-parameter (g'&) fit to the data with the
S*pole held at the m+m n best value.

Previous to the results reported in this paper
there have been three high-precision measure-
ments of the S*pole position, z.' ' All three are
consistent among themselves and with our result
for Im(z). Two of the measurements, Binnie
et al. ,

' and Protopopescu et al. ,
' report signifi-

cantly greater precision in their determination of
Re(z) than does the third. ' Binnie et al. report
Re(z) = 987+ 7 MeV/c' based on fits to the dipion
ma, ss spectrum for the reaction z p -g'p n at
threshold. Interestingly, they find Re(z) = 977 for
the reaction m p -m'm n at threshold, but this data
sample has a poor signal-to-noise ratio and was
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disregarded. In both cases the background phase
is taken to be O'. Protopopescu et al. find
Re(z) = 997+ MeV/c' in a partial-wave analysis of
the reaction v'p -A"s'v at 7.1 GeV/c. The
same group in an earlier analysis of their data'
quote a background phase near 90'. The weighted
average of previous results' is z =(993+4)
—i(20+ 4) MeV/c' compared to our result
z = (970+ 5) —i(22 + 5) MeV/c'.
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9For the purpose of locating the S* pole the exact form
of T~ is not crucial. For example, the amplitude

Z'=Ae" '+
Mo-M —i &/2 '

whereA, &, Mo, and I' are variable parameters (I' is
mass independent) gives a pole at (967+ 6) -i(22+ 6)
and a g probability of 93%. This ampl. itude unlike the
one used in the text is not manifestly unitary.
Our parameterization of the 7tx scattering amplitude is
very similar to that of Ref. 3. We differ only in the
inclusion of the E E7 channel in the total width. Ref-
erence 4. uses the same width parameterization that
we do, but employs a phase 6=0 and analyses in
terms of mass rather than mass squared.
We have studied the effect of the inclusion of resolution
in our 7t+7t n fits and found thatthe pole position is in-
sensitive at the o'=4 MeV/c level. . All the 7t'+m n re-
sults presented in this paper were derived with. resol-
ution effects omitted.


