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using the branching ratios in M. Russo et al. , Phys.
Lett, SSB, 1 (1970). For further details see G. S.
Abrams et al. , UCRL Report No. UCRL-20067 (to be
published) .

' For KE decay: We observe 17+ 8 events in the X'JI:
decay mode of the A2' where the error includes un-
certainty in estimating the background level. This
when corrected for unseen E decays gives the total
number of events shown in Table I. For further de-
tails see W. R. Butler, UCRL Report No. UCRL-19845,
1970 (unpublished).

See Butler, Ref. 10.
For p'x decay: We observe a strong p signal in the

missing-mass distribution for Reaction (8) and a clear
g' signal in the m. +x q mass distribution for those
events in this che&eel which are fitted by the one-con-
straint hypothesis ~+p p71.+7r+7t p. We do not however
see any compelling evidence for the A2 —p'~ decay,
and can only set a rough limit at 2+ 2 events. The
corrections for unseen decays allow for the presence
of 75 7p of the ~ & q decay of the q' where q decays to

71 x 71, as this fraction of such decays has a ~ ~ ~
mass within our g-missing-mass limits. For further
details see Abrams et al. , Ref. 9.

Abrams et al. , Ref. 9.
~4Russo et al. , Ref. 9.
~~K. W. J. Barnham and G. Goldhaber, UCRL Report

No. UCRL-20298 (to be published), and in Proceedings
of the Caltech Conference on Phenomenology of Parti-
cle Physics, March 1971 (to be published).

~60. G. Coyne et al. , UCRL Report No. UCRL-20088
(to be published).
t'do/dm- (M-M&)2[(M-M )2+ (I'-2)'] '. We regard this

purely as a convenient empirical parametrization of a
dip.

D. G. Coyne, ExTRAcT,' Lawrence Radiation Labora-
tory Trilling-Goldhaber Group Physics Note No. TG-
175, 1969 (unpublished).

The confidence levels in Table II were calculated
for the mass region 1220 to 180 MeV as was done in
Refs. 1 and 4. The question of confidence levels is
further discussed in Ref. 15.
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The differential cross sections for ~ P charge exch~age at 180' are given as a function
of s momentum from 1.8 to 6.0 GeV/c. Below 4 GeV/c there is a resonanoelike struc-
ture Above 4. GeV/c the data are in excellent agreement with a smooth exponential

drop. A modification of the Igi model gives a good fit to the data. The momentum de-
pendence of the moduli of the isospin-2 and -2 amplitudes and their relative phase is
presented.

We have measured the differential cross sec-
tion for pion charge exchange,

77 +P 7T +S~

with the m' produced at approximately 180', for
52 values of n momentum from 1.8 to 6.0 GeV/c.
A previous paper' reported preliminary values
for some of the momenta up to 5.0 GeV/c. This

paper presents our final results which below
4.0 GeV/c display a structure of maxima and
minima but above 4.0 GeV/c fall off exponential-
ly. From these and other charge-exchange data
and a compilation of p'p elastic-scattering data
we have calculated the moduli of the isospin-2
and -2 amplitudes and their relative phase.

This experiment was performed in the 17'
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negative-pion beam at Argonne National Labora-
tory. The experimental details and the analysis
have been brieQy discussed in our previous pub-
lication'2 and remained unchanged for the com-
pletion of the experiment with the following ex-
ceptions. (1) Subsequent to the preliminary pub-
lication we have experimentally determined the
efficiency of our neutron counter to be better
than 99'%%up for neutrons that interact in the counter.
[98'%%uo of all neutrons incident on our detector at
0' (lab) interact in the detector. ] Therefore, the
data which we present in this paper are those for
which both a neutron trigger and a r trigger
(pulses from at least two counters of the n'

hodoscope) were required. Since the empty-
target subtraction is a significantly smaller per-
centage of the full-target data for which the
neutron trigger is required than of the data
where it is not required, this results in a reduc-
tion of statistical uncertainties. (2) A subsequent
experimental study of accidental-coincidence
rates disclosed a contribution from accidental
coincidences between a & produced in the liquid
hydrogen from which only one photon triggers
a w' hodoscope counter and a background event
not from the liquid hydrogen which also triggers
a hodoscope counter. Since this is not removed
by an empty-target subtraction, a separate cor-
rection was made for this effect. This was ap-
proximately 5%%uo at aD momenta for the data
where a neutron coincidence was required and
10%%uo for those where a neutron coincidence was
not required.

As previously mentioned, the presence of false
events from sources such as multiple-pion pro-
duction or accidental coincidences would affect
the data where neutron coincidence is required
less than those where the neutron coincidence
is not required. Therefore, we have calculated
the differential cross sections corrected for
accidentals for both sets of data at all momenta.
The average deviation between the two sets of
data is 0.12 pb/sr and the ya is 32.8 for 52 points.
The excellent agreement indicates that any re-
sidual effects of background or accidentals in
our data are much smaller than our statistical
uncertainties.

Our results are presented in Fig. 1 as a func-
tion of m momentum. The cosine of the average
center-of-mass angle decreases from -0.9953
at 1.8 GeV/c to -0.9972 at 6.0 GeV/c. " The
uncertainties given are statistical. In addition,
we estimate that there is a 10% systematic un-
certainty in these differential cross sections
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FIG. 1. (a) The center-of-mass differential cross
section for ~ p ~~n as a function of pion momentum
(lab). The solid curve is a five-parameter fit of the
Igi model, modified by introducing an imaginary part
into all Begge trajectories, to our data. The dashed
curve is a, fit to our data from 4.0 to 6.0 GeV/c, in-
clusive, by dc/dQ=Ae ~~ LA=86.2+2.1 pb/sr, 6 =0.368
+0.026 {GeV/c) ~, X2=11). (b) Compilation of center-
of-mass differential cross sections for m p x n.
Plain error bars, this experiment; solid squares,
Bef. 3; solid circles, Ref. 4; inverted triangles, Ref.
5; open circles, Ref. 6 (cos8 0.999); crosses, Bef. 6
(cos8 0.995); open squares, Ref. 7; upright triangles,
Bef. 8. The solid curve is the exponential fit to our
data and is shown in the insert compared with two
differential cross sections for higher momenta.
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due mainly to edge effects in the p' hodoscope.
This is an uncertainty in normalization and does
not effect the relative values for different m

momenta.
Figure 1(a) shows (do/dO), plotted as a func-

tion of m momentum. In the momentum region
below 4 GeV/c the data display well-defined
structure. The minimum at 2.1 GeV/c could be
due to the 2190-MeV T= 2 resonance, but 180'
is equivalent to t=-3 (GeV/c) for a m momen-
tum 2. 1 GeV/c~ Rnd so (llis mlnlmum Rlso cor-
responds to the dip observed in the charge-ex-
change f distributions at f = -3 (GeV/c)'. ' There
is no evidence for the 2650-MeV T=& resonance
at 3.25 GeV/c. The maxima at 2. 64 and 3.85
GeV/c correspond to the 2420- and 2850-MeV
T= 2 resonances, but there is no evidence of a
maximum at -5.1 GeV/c such as that observed
in w p elastic-scattering data. In fact, above
4 GeV/c the differential cross section decreases
smoothly within the uncertainties. %e fitted an

exponential tdo'/dQ=Ae '~] to our values from
4 to 6 GeV/c inclusive and obtained A = 85.2
+2.1 Ijb/sr, 5 =0.368+0.025 (GeV/c) ', with
)('= 11 for twenty points, or a confidence level
of -100%. This exponential fit is shown by the

dashed line in Fig. 1(a).
The solid line ln Fig. 1(R) sllows R fit 'to Rll

the data of a modification of a dual-resonance
model, ' in which the n'N amplitudes are a linear
combination of Veneziano terms, "one term for
each pair of Regge trajectories allowed in the

s, t, and u channels. This modification con-
sisted of introducing a common linear imaginary
part into all the Regge trajectories'" and re-
sulted in a five-parameter expression which fits
the data with )('=79 for 52 points. (The point
at 1.8 GeV/c contributes )( =21; excluding this,
the confidence level is 15%). This fit is seen
to represent the data very weB except in the re-
gions of the minima at 2. 1 and at 3.0-3.5 GeV/c.

In Fig. 1(b) we present a compilation of results
from other experiments for the differential cross
section for charge exchange at angles close to
j.80' together with the results of this experiment.
The agreement is generally within the uncer-
tainties except for the data of Chase et al. , '
which are systematically lower than our data and

the data of Schneider ef; al.' and Boright et al. '
While determining our neutron-detector efficien-
cy, we measured the detection efficiency of a
neutron counter similar to that used by Chase
et al. This measurement was made with a tagged
neutron beam of known dimensions and energy. '
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%e found that the efficiency for detecting neutrons
incident within 2 or 3 in. of the edge of the de-
tector was low for low neutron momentum (2-3
GeV/c), but improved with increasing momentum.
This may explain some of the discrepancy be-
tween the results of Chase et al. and the other ex-
periments cited above.

The 8- and u-channel amplitudes for w'p elas-
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FIG. 2. (a) The absolute value of the 8-channel phase
between the & = ~ and T = 2 amplitudes from x'p elastic
and ~ p charge-exchange scattering as a function of
pion momentum (lab). (b) The modulus of the s-chan-
nel T =2 amplitude. (c) The modulus of the 8-channel
7.' = 2 amplitude. (d)-(f) The corresponding u-channel
values.
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tic scattering (A+), np 'elastic scattering (A ),
and charge exchange (Ao) are linear combinabons
of the corresponding isospin-~ and —

& amplitudes
A,~2 a,nd A~„, respectively. One can thus calcu-
late lA, /2 l, lAS&~ l, and the absolute vaIue of
their relative phase I5 I from the w'p elasbc
(o'), the n p elastic (o' ), and charge-exchange
(oo) differential cross sections at 180'. Compila-
bons of the m'p '~ a' and w p 'e "elasbc-scatter-
ing differential cross sections at -180'were
made. From these and the data in Fig. 1(b), the
results for l5l lA, ym

l and lA~/2 t presented in
Fig. 2 were obtained. The spread on the points
corresponds to cross-section values one standard
deviation above and beIow the central values.
In regions where there were contradictory data
a visual fit was made, and in regions where
there were no data, points were estimated by
interpolation. The Regge model predicts a con-
stant angle for the I-channel value of !5l, but
gives two possible values for this angle. If onIy
the nucleon and 4 trajectories al e considered,
this prediction is l6l-50'or -130'. It is seen
in Fig. 2(d) that the u-channel value of I & I has
several maxima and minima and then above 4
GeV/c appears to decrease slowly. The values
in the region from 5 to 8 GeV/c are not incon-
sistent with the Regge prediction of -50'. How-
ever, the precision of this determination is low',

mainly because of the Targe uncer tainties in the
n'p elasbc-scattering data. The s-channel val-
ue of I 51 has a constant value of 105 + 15' above
3 GeV/c. There are no indicabons of the 2190-
and 2650-MeV T =

& resonances in the s-channel
lA„, l values.
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