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more accurate formula is
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The cross section for the reaction n P AE has been measured at nine energies from
790 to 1060 MeV, with a beam resolution of +1 %. The results indicate that a strong,
narrow (1' (20 MeV) peak in the cross section lies within the energy bin centered at
893 MeV.

We have measured the threshold-region cross
sections for the reaction w P -AK' in a spark-
chamber experiment carried out at the Prince-
ton-Pennsylvania accelerator.

A diagram of the apparatus' appears in Fig. 1.
A beam of negative pions, designed to give a
nearly square energy window of 1% half-width,
was focused on a 5-cm-long liquid-hydrogen tar-
get. An anticoincidence counter and a coinci-
dence hodoscope were used after the target to de-
tect the charged decays from the neutral strange
particles. The spark-chamber tracks of the inci-
dent pions and the charged decay products were
photographed in two 90' stereo views. Approxi-
mately 30% of the pictures show an apparent sin-
gle vee, the majority being from the decay A

-Pr
The measurement of the pictures was fully

automatic. The University of Pennsylvania
Hough-Powell flying-spot digitizer processed the
200000 pictures which were taken in the experi-
ment. The resultant digitizings were processed
by a computer program' which sought the single
vee characteristic of the two-body charged decay
of a neutral particle. The program found vee
events with 90% efficiency.

Geometric criteria were applied to each event
to test the hypothesis that the vee was a A -Pm
decay from Aif production. These criteria re-
quired that the reconstructed decay and produc-
tion vertices were within the fiducial areas, that
the decay geometry was compatible with a two-
body decay, that stereo pairing by pattern was
consistent with stereo pairing by digitizing den-
sity, and that the track with the smaller decay

angle, which was assumed to be the proton, was
more heavily ionizing.

The kinematic reconstruction is singly con-
strained if all masses are assumed. The final
selection of events was based on limits imposed
on the reconstructed incident-pion energy T&.
Multiple scattering in the apparatus (-10 mrad)
and inaccuracy in track fitting reduced the preci-
sion of this reconstruction. The full width at
half-maximum height of the spectrum of T& is 50
MeV. A consequence of this spread is that A' s
from Z production and decay (w p -ZcK, Z-
-Ay) cannot be accurately separated from A' s
produced directly. In addition the A center-of-
mass angle cannot be accurately reconstructed.

The A yield was defined as the product of the
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FIG. 1. Apparatus: 1-2 are the beam counters and
ABC are spark chambers determining the incident pion
line. A's are produced in the 5-cm H2 target and are
required to decay between counters 4 and 3. The
charged decay products are observed in spark cham-
bers RXFZ. The hodoscope is a square array two
counters high and five counters wide, in which any
pair (2/10) were required for the A trigger. The -com-
plete counter trigger requirement was 124&(2/10).
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number of triggers per incident pion and the
number of A decays found per usable picture:
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FIG. '2. (a) Distribution of reconstructed incident-
pion energy & romfrom real events created at 963 MeV.
(b) Distribution of T~ from Monte Carlo events for
7f p ~~K" an 7td p Z E Z Ay. The sum is shown

and can be compared with the data in (a).

Triggers A' s
Pion Usable picture

'

(The track-finding program recorded as unusable
the 10% to 20 lo of the pictures which had faulty
or confusing beam tracks independent of the track
pattern in the decay chambers. )

The center of the distribution of the recon-
structed pion beam energy was about 12 MeV be-
low the energy determined by a wire orbit of the
beam-transport system. The average of these
differences has been subtracted from the energy
determined by wire orbit to give the beam ener-
gies specified in the data. This correction may
introduce an error of about +5 MeV in the given
ener gies.

Above the threshold for the reaction m p —ZOK'

(903.6 MeV), the measured A yield includes the
contribution from Z'-Ay decays. The recon-
struction assumed that all events come from de-
cays of directly produced A' s, but the recon-
structed pion energy, for events originating from
Z' decays, is lower by about 100 MeV than the
true pion energy. The mixture of the two types
of events gives the bimodal distribution of T&
shown in Fig. 2(a). A Monte Carlo simulation of
events from the two sources was used to esti-
mate the fraction of the observed yield from Z

decays isee Fig. 2(b)].
The A yield as calculated above is shown in

Fig. 3(a). The upper set of points is the total
yield including Z -A. Typical points contain
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FIG. 3. (a) Observed yield of A. Above Z threshold
(t ) the upper points show the total yield includingZO y

dA's from Z Ay, and the lower points show the yiel
with the estimated fraction of Z events subtracted.
(b) Detection efficiency E for isotropic AK production,
and correction factor g for actual production angular
distribution obtained from bubble chamber data. E is
on an arbitrary scale. The product efficiency Eg is
nearly flat over the energy range. (c) Production cross
section for m. p AE from all experiments. The
source of previous data may be identified in Bush, Ref.
3. The curve is given by the fit to the previous data by
the Rush model. Near Z threshold, some of the data
points have horizontal arrows indicating the energy
range in which 0. has been averaged.

about 2000 events; the errors shown are statisti-
cal. The lower set has the Z-A contribution
subtracted; the lar ger errors on the lower points
reflect the uncertainty in this correction.

The calculation of the cross section from the
yield assumes a knowledge of the detection effi-
ciency ET of the system. The total detection effi-
ciency E is defined as the product of the detec-cxency
tion efficiency E for an isotropic distribution an
a correction factor g for the actual angular dis-
tribution: ET=Eg. Since the experiment con-
tained a considerable bias against A's produced
backward in the center of mass, the correction
factor g is needed to convert yields to cross sec-
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tions. Unfortunately, the reconstruction of the
center-of-mass angle was not sufficiently reli-
able to allow a self-consistent correction. The
angular variation in the cross section was deter-
mined from a compilation of bubble-chamber da-
ta, ' and g was computed with Monte Carlo events
using the "bias-matrix" technique. ' (A local
variation in the actual production angular distri-
bution such as may occur at 893 MeV would
cause the computed correction factor g to have a
small error; for example, if (cosHA, ) changed
by -0.1, g would change by -4%.) The factors
E and g are plotted in Fig. 3(b). The product is
nearly flat over the whole energy range.

The corrected cross sections for AK pro'duc-
tion, o =yieldjET, in millibarns at (MeV), are

o(790) = 0.18 + 0.07, 0'(813) = 0.30+ 0.01,

o(838) = 0.52+ 0.02, o(863) = 0.59 + 0.03,

o'(893) = 0.94+ 0.04, o'(913) = 0.57+ 0.06,

o(963) = 0.70 + 0.06, o(1013)= 0.64 + 0.07,

o(1063)= 0.58 + 0.07.

From a, study of possible systematic errors, we
assign an overall uncertainty of 8% to the nor-
malization of the cross section over the whole
energy range.

The most interesting feature of the data is the
pronounced peak in the yield and cross section at
893 MeV. A comparison with previously reported
results is shown in Fig. 3(c). This experiment is
the first to measure the production cross section
over this wide energy range. Away from Z

threshold, our data are generally in good agree-
ment with previous data and the Rush' fit shown
in the figure. Given the energy bins covered and
the possibility of a narrow peak, our cross sec-
tion at 893 MeV may very well be consistent with
an early bubble-chamber result, ' o(900 MeV)
= 1.19+ 0.14 mb, and a later result' from the
same laboratory, o(905 MeV) = 0.73 + 0.03 mb.
We cannot account for the discrepancy with Ker-
en's measurement of o(890 MeV) =0.67+ 0.04 mb.

Whether this sharp peak is a manifestation of
the cusp effect ' at Z threshold, results from
an unusually narrow resonance in the m p sys-
tem, ' or has some other explanation must await
more accurate experimental studies in this ener-
gy region.
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