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%Within the sample of spallation hyperfragments
produced by the interaction of both 800-MeV/c
and 1.5-BeV/c K mesons, the three examples
of mesonic decay in Table I were accompanied
by -1100 nonme sonic disintegrations. This may
not be inconsistent with a nonmesonic/mesonic
ratio of order 100 as given recently in a prelimi-
nary estimate' for a hypernucleus of mass A = 100;
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2By a similar approach, Kenyon has recently ob-
tained BA & -57 MeV for a comparable selection of
hypernuclei [I. R. Kenyon (to be published)].

3Both upper limits on B~ obtained above could be,
in fact, underestimated owing to the following effects:
(a) the presence of spallation hypernuclei off the nu-
clear stability line, having separation energy B& or
8& & 8 MeV, contrary to what was assumed, and
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integration. These uncertainties are assumed to in-
volve an error of -+2 MeV in the quoted BA values.
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Few accurate data are presently available on the
total m -p cross section in the momentum range
2 to 4.5 BeV/c. We present here the results of
measurements in this range using counter tech-
niques. In addition, cross sections in good geom-
etry for ~ -carbon scattering were measured at
3 and 4 BeV/c in order to investigate a discrep-
ancy between the n+-C cross sections previously
measured by the authors' and the m -C cross sec-
tions of %ikner. '

The experimental arrangement is shown in
Fig. 1. The pion beam was used simultaneously
by the University of Michigan spark chamber
group to measure w -p differential cross sections.
After passing through their 18-in. -long hydrogen
target, the beam was refocused by Q, and used
for our measurements. The m -p cross sections
were measured by using a CH, -C subtraction with
carefully matched polyethylene and graphite tar-
gets, the former containing 2.9 g/cm' of hydro-

gen. Incident pions were counted by measuring
M,M,CMPI, coincidences. The numbers of trans-
mitted pions were measured with three different
geometries simultaneously by means of counters
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FIG. 1. Experimental arrangement. The z beam
was taken off at 0 degrees from a target in the Bevatron.
The first quadrupole and bending magnet are not shown.
The vertical scale is exaggerated twofold for clarity.
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S) S2 and S„which were, respectively, 12 .0,
10.6, and 9.0 in. in diameter. Measurements
were made with two different target positions so
that the total range of solid angles covered was
1.7 to 5.8 msr. The quadrupole Q, was tuned to
produce an image of M, at the position of S, in
order to reduce multiple Coulomb scattering cor-
rections. Muons in the beam were eliminated by
rejecting particles that passed through a 36-in. —

long iron block with an "anti counter A, as was
done by von Dardel et al. '

Total cross sections were obtained by extrapo-
lating the measured cross sections linearly to
zero solid angle. This extrapolation represented
a correction of approximately 0.4 mb to the meas-
ured values. At 2.0 BeV/c, a small correction
for multiple Coulomb scattering was made to the
point at 1.7 msr. Corrections of approximately
0.6 mb were made at 2.0 and 3.0 BeV/c for elec-
tron contamination in the beam, which was meas-
ured with a gas Cherenkov counter. At 2.0 BeV/c
it was also necessary to apply a small correction
for low-energy muons that stopped in the iron
block and thus were not "antied out. The quoted
errors include uncertainties in these corrections
as well as the statistical errors.

At each momentum an average of five measure-
ment cycles was made at different times during
the experiment, each consisting of a sequence of
two runs with the carbon target, four runs with the
polyethylene, and two more runs with carbon.
The reproducibility of repeated runs was within
statistics. Accidental coincidences were moni-
tored constantly and were always negligible. The
momentum of the beam was determined from the
kinematics of events observed in the Michigan
spark chamber experiment. The uncertainty in
momentum is about +2/.

The measured cross sections are given in Ta-
ble I and compared with the results of other ex-
periments in Fig. 2. At the higher momenta our
results agree well with those of von Dardel et al. '
Near 2 BeV/c, however, the existing data, as a
whole, seem inconsistent. Due to this uncertainty
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FIG. 2. Total ~ -p cross sections vs momentum.

300

280

(Ref. l )

V/c

E 260
b

in the data around 2 BeV/c and the scarcity of
data between 2.0 and 3.0 BeVjc, further measure-
ments in this region are desirable.

A previous measurement, by the authors, ' of
ii+ cross sections for several nuclei at 3 BeV/c
disagreed with the results of Wikner for negative
pions at 4 BeV/c. ' It appeared that the absorp-
tion cross sections for m and m+ scattering on
nuclei were substantially the same, but that the
total cross sections for negative pions were con-
sistently 30 k larger This .difference would im-
ply a breakdown of charge symmetry at high en-
ergies. We therefore made measurements of

-C cross sections at 3.0 and 4.0 BeV/c. The
results are given in Fig. 3 along with our previous
results for m+-C scattering. The ~+-C results at
3.0 BeV/c are slightly lower than those for w -C
at 3.0 BeV/c. This is probably explained by the
fact that there are more charged secondaries (i.e. ,

protons) formed in w+-C inelastic scattering than
in ~--C. Some of these strike the transmission
counter, thus increasing the apparent transmis-

Table I. Measured ~ -p cross sections.
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FIG. 3. Pion-carbon cross sections as a function of
the solid angle subtended by the transmission counter.
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sion and lowering the apparent cross section.
This difference would be expected to diminish as
the solid angle subtended by the transmission
counter is decreased. By extrapolating the meas-
ured cross sections linearly to zero solid angle
(as was done with hydrogen), we can estimate the
total cross section. This yields a total cross
section of 292 mb for m+ scattering at 3 BeV/c
and 294 mb for m scattering. This excellent
agreement is somewhat fortuitous, but in any
case, there is no evidence for a violation of charge
symmetry. For m -C scattering at 4.0 BeV/c we
find a total cross section of 281 mb, in contrast
to%ikner's result of 386 +20 mb. %e also made
measurements with a Be target and again found
good agreement between the m+ and m results.
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The elastic differential cross section of nega-
tive pions on protons at 3.15, 4.13, and 4.95 GeV/c
and of positive pions on protons at 2.92 GeV/c has
been measured in a spark chamber experiment
using the Bevatron of the Lawrence Radiation Lab-
oratory. ' The data in the diffraction region for
these momenta are reported in this Letter. The
interest in these diffraction data centers about
the recent theoretical developments in the field
of strong interactions, which predict that at suf-
ficiently high energies the differential cross sec-
tion in the diffraction region should be an expo-
nential function of the four-momentum transfer,
and that the width of the diffraction peak should
decrease with increasing energy. ' Our data show
the predicted exponential behavior for small four-
momentum transfers, but no statistically signifi-
cant shrinkage of the w +P diffraction peaks over
the 3- to 5-GeV/c interval is observed. Compari-
son with other published m +P data~ up to 16
GeV/c also gives little evidence of shrinkage, al-
though this observation is strongly influenced by
the data at 15.9 GeV/c which have relatively large
published errors. This appears to be in contrast
to the proton-proton case, where the data are in

remarkable agreement with the Regge behavior. '~7

The experimental data are plotted on a semi-
logarithmic scale in Fig. 1 where the errors
shown are statistical. ' The data consist of about
1200 elastic events at each momentum, obtained
from an analysis of one half of the data film. The
points at t= 0 are calculated from zero-momentum-
transfer dispersion relations and the optical the-
orem using the recent total cross section data
taken by Longo and Moyer in the 3- to 5-GeV/c
range. ' For the m +P data the over-all error in
normalization may be +8%. However, there are
some uncertainties in the composition of our m+

beam, and therefore the normalization error for
those data may be as great as +30%.

The Regge pole theory' predicts that the elastic
diffraction scattering may be expressed by

do/dt= (do/dt) F(t)(s/s ), (1)

if only a single Regge trajectory is involved. Here
s is the square of the total center-of-mass ener-
gy; and t, the square of the four-momentum trans-
fer, is given by

t = -2p*'(I - cos8*),


