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inconsistent [P(x?)<0.01] with a pure high-Z com-

position (Z = 15). This latter conclusion is quite
insensitive either to the model of EAS or to the
method of generating the burst patterns. (3) The
BASJE data are adequately described by a com-
position similar to that at ~10'! eV.

These results indicate that any rigidity cutoff
which exists for the galactic component of cos-

mic rays has not yet become important at 10*® eV.
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LAMBDA POLARIZATION IN K n—~An~ AT 4.5 GeV/c *
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An analysis is given of 236 events (102 £15 ub) of the reaction K~ 7 — An™ at an incident
momentum of 4.5 GeV/c. The lambda polarization is large and positive up to a squared
four-momentum transfer of —2.0 (GeV/c)?. The differential cross section has a dip near
—t=0.4 (GeV/c)?®. The differential cross section for 87 events of the reaction K~ n— =01~
is also shown corresponding to a total cross section of 39 +10 ub.

In this Letter we present data on the reactions

K‘d~psrr"A, 1)
and

K"d-psn_z" (2)

at an incident momentum of 4.48 GeV/c. The da-
ta were obtained from a 370 000-picture exposure
in the Argonne National Laboratory 30-in. deute-

rium bubble chamber.!»> We have obtained 236
events of Reaction (1) and 87 events of Reaction
(2) corresponding to cross sections of 102+ 15
and 39+ 10 pub.

The film was scanned for events of the types
two-prong plus vee and one-prong plus vee. In
the case of the two-prong events it was demanded
that the positive particle be a proton with a mo-
mentum less than 300 MeV/c. This was to en-
sure that the events were predominately K ~-neu-
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tron interactions with the proton being merely a
spectator (pg). In the impulse approximation®
98 % of all spectator protons have a momentum
less than 300 MeV /c.

All events of these topologies were measured
and kinematically fitted using SQUAW. Events
were then selected having a confidence level of at
least 1% for Reaction (1) or Reaction (2). In this
sample all A° and K° ambiguities were removed
on the basis of x* and ionization. In all 271 events
had an acceptable fit to Reaction (1) but 212 of
these also had an acceptable fit for Reaction (2)
(i.e., a probability >1%). The events were as-
signed to the two final states on the basis of the
ratio of the probabilities of the two fits. The va-
lidity of this technique was checked by examining
the angular distribution of the photon from the Z°
decay with respect to the production plane.* We
estimate 5+ 3% of the events assigned to Reaction
(1) are in reality events from Reaction (2).

The Hulthén momentum distribution® was nor-
malized to those events with visible spectators.
The fitted spectator momentum distribution of the
events measured with an invisible spectator
agreed in both magnitude and shape with the nor-
malized curve.® The number of events was cor-
rected for unseen decays and detection efficien-
cies.® Total cross sections of 102+ 15 ub for Re-
action (1) and 39+ 10 ub for Reaction (2) were
then obtained.

The production angular distribution of the hy-
peron is shown in Figs. 1(a) and 1(b), and the dif-
ferential cross section as a function of ~¢ (the
squared four-momentum transfer between the in-
cident K~ and the outgoing 77) is shown in Figs.
2(a) and 2(b). A peripheral peak is observed for
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FIG. 1. (a) Production angular distribution of the
lambda in the center-of-mass system for Reaction (1).
(b) Production angular distribution of the Z° in the cen-
ter-of-mass system for Reaction (2).
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both reactions. A small number of events are
produced at cosf* greater than zero (where 6* is
the angle in the Y7~ center of mass between the
incident K~ and the outgoing hyperon). These
events could have been produced either by nucle-
on exchange or by the decay of an s-channel reso-
nance.” The partial cross sections for cosf*>0
are 9+ 3 ub and 3+1 ub for Reactions (1) and (2),
respectively.

The peripheral peaks have been fitted to the
form do/dt =AeB@-t;) (where t, is the maximum
allowable four-momentum transfer squared); the
results obtained are

A=340+50 pub/(GeV/c)?,
B=4.1+0.8 (GeV/c)™? for Reaction (1);
A=155+60 pub/(GeV/c)?,
B=5.1+2.0 (GeV/c)~2 for Reaction (2).

The experimental distributions start to deviate
from this form above —(t-£,)=0.5 (GeV/c)?. At
this point a shoulder is apparent in the differen-
tial cross section for Reaction (1). These slopes
are consistent with meson exchange although they
are somewhat smaller than those found in other
hypercharge-exchange reactions.®™!! If the pro-
cess is mediated by the exchange of a single me-
son or trajectory, then the polarization of the
lambda will be zero. This is because one-meson—
exchange models even with absorption'? have
purely real amplitudes, while in the case of a
single Regge trajectory the helicity flip and non-
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FIG. 2. (a) Differential cross section as a function
of —t for Reaction (1). The solid line is the prediction
from D. D. Reeder and K. V. L. Sarma, Phys. Rev.
172, 1566 (1968). (b) Differential cross section as a
function of = for Reaction (2). The dashed lines indi-
cate the results of the fits to do/dt =AeB&—t0),
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flip amplitudes are in phase.
the lambda is given by

3 N N 1/2
=W|;:El(q'n)ii<i§l(q-n);> il, 3)

where a =0.647 is the A asymmetry parameter®
and N is the number of events in the chosen ¢ in-
terval. The unit vector g is along the decay pro-
ton direction in the hyperon center-of-mass sys-
tem and n=PgXP,/|PgxP,| is a unit vector nor-
mal to the production plane. The polarization of
the A as a function of —¢ is shown in Fig. 3 for
Reaction (1). No striking variation as a function
of -¢ is seen, the polarization remaining large
and positive. This is in contrast to results on
hypercharge-exchange reactions at neighboring
energies,® %% where a change in sign is observed
in the region of the dip in the differential-cross-
section distribution. The presence of polariza-
tion indicates that more than one Regge trajecto-
ry is exchanged. We have compared our data
with a double Regge model of Reeder and Sarma'®
who use K*(890) and K*(1420) exchanges to fit hy-
percharge-exchange reactions. These exchanges
are denoted as ¢ and @ exchange, and the predic-
tions from their model are shown by the solid
lines in Figs. 2 and 3.

Using their notation and parametrization, the
trajectory functions a4 and ag and the crossover
factor (1 +t/tQ) vanish at £ =-0.4, -0.35, and
-0.53 (GeV/c)?, respectively. Thus a minimum
in do/dt should occur near ¢t =-0.4 (GeV/c)?
where the trajectories pass through a(t)=0. A
dip occurs in the experimental differential cross

The polarization of
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FIG. 3. Polarization of the lambda for Reaction (1)
as a function of the square of the four-momentum
transfer. The solid line is the prediction from D. D.
Reeder and K. V. L. Sarma, Phys. Rev. 172, 1566
(1968). T

section near -¢=0.4 (GeV/c)? indicating the pas-
sage of one or more of the trajectories through
a@(t)=0 in this region. The model predicts a
change in sign of polarization in this region com-
ing from the crossover factor in the @ helicity
nonflip amplitude. This change in sign is not ob-
served experimentally. The crossover factor
was used successfully to account for the change
in sign of polarization in the reaction 7% - Z*K*
at 3.23 GeV/c.'* The shape of the experimental
differential cross section agrees with that pre-
dicted by the model although it is somewhat larg-
er in magnitude. Our data appear to indicate that
the current adopted parameters of the K*(890)
and K*(1420) trajectories are not sufficient to ac-
count for the properties of hypercharge exchange
reactions as a function of energy.

Our experimental ratio of o(A7~)/o(Z% ~) is in
agreement with the predicted value of 3 from
SU(3) and the independent quark model.!” In addi-
tion the cross section for K~ n-7~Z° is approxi-
mately half the quoted cross section® for K™p
- 7~Z% in agreement with Ref. 17. The forward
cross section for K™n— An~ is not in agreement
with the predicted ratio!”»'®

do\ [K"n—=An"] 3 (4)
dt o |K p=n"3zt| %
which we find experimentally to be 0.6+ 0.2.
We would like to express our appreciation to

the staff of the accelerator and bubble chamber
at Argonne National Laboratory, Argonne, Illinois.

*Work supported in part by the U. S. Atomic Energy
Commission.

{Now at Purdue University, Indianapolis, Ind.

§Now at Brookhaven National Laboratory, Upton,

N. Y.

tDeceased.

!For further details of this experiment: R. L. Eisner,
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2Reaction (1) and details of other final states contain-
ing a lambda can be found in W. L. Yen, thesis, Purdue
University, 1968 (unpublished).

SL. Hulthén and M. Sugawara, in Handbuch der Phys-
ik, edited by S. Flugge (Springer-Verlag, Berlin, Ger-
many, 1957), Vol. 39, p.1.

The angular distribution of the y ray from a Z0 decay
with respect to the normal to the production plane
should be isotropic for true Z° events. Experimentally
we find this is so for those events having a probability
three times greater than that for the seven-constraint
reaction (1). The other ambiguous events when inter-
preted as Reaction (2) show an extremely anisotropic
distribution and were assigned to Reaction (1).

5The events with seen spectator proton are seven-con-
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straint fits. In the case of invisible spectator protons,
before entering the fitting procedure a momentum of
zero was assigned to the spectator. The momentum
had errors Py =Py =30 MeV/c and P, =40 MeV/c.
Once again the fit is a seven-constraint fit, this tech-
nique being the accepted one for reproducing the ex-
pected momentum distribution using the Fourier trans-
form of the Hulthén wave function. The resolution for
the invisible spectator events is only slightly worse
than for the seen spectator events and does not affect
the analysis.

80ur detection efficiency for events with unseen spec-
tator was slightly less than for the seen spectator.
This was so particularly for those events with small
laboratory angle between the K~ and the 7—. A 4% cor-
rection was made to account for the screening effect.

TOur center-of mass energy E * of the K~ n system
covers the range 2.7 <E*X 3.3 because of the Fermi
motion of the neutron. The backward hyperon events
did not seem to come from any narrow resonance in
this energy region.
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PRODUCTION OF K,° MESONS AND NEUTRONS
BY 10- AND 16-GeV ELECTRONS ON BERYLLIUM*
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(Received 13 March 1969)

We have measured the K2° yields for electron energies of 10 and 16 GeV and at produc-
tion angles of 2° and 4°, using a 40-in. hydrogen bubble chamber as a K,’ detector. The
observed yields are compared with the predictions of a model involving the intermediate
photoproduction of ¢(1020) mesons. In addition, we have measured the relative neutron-
to-K,? ratio as a function of the secondary beam momentum.

The yields of strongly interacting charged par-
ticles produced in electron-Be collisions have
been measured recently at the Stanford Linear
Accelerator Center (SLAC) by several groups® ™
and confirm the general features of the calcula-
tions made by Tsai® and others. We report here
a measurement of the K,° yields from Be for
electron energies of 10 and 16 GeV and produc-
tion angles of 2° and 4°. The SLAC 40-in. hydro-
gen bubble chamber was used as the K,° decay
detector. The observed K,° yields are consistent
with the average of K™ and K~ yields reported
previously.»?* A comparison with the K,° yields
expected from the photoproduction of ¢(1020) me-
sons indicates that this process alone cannot ex-
plain either the observed magnitude or the angu-
lar dependence of the data. A preliminary mea-
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surement of the intensity and momentum spec-
trum of neutrons at the chamber indicates that
favorable K,°-to-neutron ratios may be obtained
for secondary beam momenta above 2 GeV/c.
The primary electron beam from the accelera-
tor was focused on a Be target which was mount-
ed downstream of a vertical bending magnet.
This magnet allowed variation of the production
angle of the neutral beam within the range 1.5°-
5°. The intensity of the electron beam was mea-
sured by use of a toroid charge integrator. The
position and focus of the electron beam at the
target were continuously monitored by a closed
circuit television display of a ruled ZnS sheet
attached to the upstream end of the Be target.
The neutral beam passed through a sweeping
magnet to clear out charged particles, a y-ray



