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ABSTRACT

The average polarization of the %~ produced in the reaction
T +p->2 o+ K+ has been measured between center-of-mass angles l}ho
and 166° for an incident n momentum of 1145 MeV/E. A polarized proton
target was used, and the %  polarization was found by measuring the
difference in the production-rate of K+ mesons for protons polarized
along the production-plane normal and against it. Spark chambers were
used to record the % and K+ trajectories, and the % momentum was
obtained from a magnetic spectrometer while the K+ momentum was obtained
from a range telescope, ITach event was kinematically reconstructed in a
one constraint fit to help eliminate events produced from protons bound
in heavy nuclei of the target. The % polarization wasfound to be

-0.36 * 0,46 ,

* Work done under the auspices of the U, S, Atomic Bnergy Commission.
Present address: Los Alamos Scientific Laboratory, Los Alamos, New Mexico
+ Present address: Columbia University, New York, New York
++Present address: University of Illinols, Urbana, Illinois
Present address: Centre d'Ttudes Nucleaires de Saclay, Essonne, France
%fPresent address: State University of New York, Stony RBrook, New York

Present address: Stanford Linear Accelerator Center, Stanford, California

11

Present address: Goddard Space Plipht Center, Greenbelt, Maryland



“De

I. INTRODUCTION
Because of experimental difficulties, very few measurements have
been made of the Z- polarization in the reaction T+ D - T+ K&.l’g
The problem is that the 5 decays almost entirely through the mode
5T e n + w0 , but since this process is almost pure S-wave there is no
decay asymmetry to reveal the polarization. If the angular distribution

of the neutron is written as

an
dQ

AY

= (1L +a Pcos @),

the measured value of the asymmetry parameter (a_) is only -0.017 % O.OME.5
There is some current interest in exploring the n” polarization in
T+ p - =+ K+ because this reaction could possibly serve as a source
of polarized % for investigating the decay ¥ >e +n+v . Theories
of weak interactions based on unitary symmetry predict an angular distri-
bution in which the electron tends to come off in a direction opposite
the spin of the % while the V-A theory predicts an almost isotropic
distribution.uué If the measured electron asymmetry turns out to be
small, knowledge of the polarization is necessary to interpret the
value found for the asymmetry.

We have measured the % polarization in x + p - % + K by using
a polarized proton target and measuring the difference in the production-
rate of K+ mesons for protons polarized along the production plane normal
(Eﬂ X ﬁz) and against the normal. TIf T (0) and I (6) are the number of
events per unit of = flux, produced with the target protons polarized

along the normal and against the normal respectively, and PT is the

average target polarization, then the 3~ polarization is given by



_L1 , Ie) - 17(o)
ki T(0) + 17(e)

The incident beam momentum was 1145 MeV/c with a momentum spread of
* 1.5 percent. Details of the construction and operation of the polarized
target have been described elsewhere.T Average polarization of the tar-
get during the experiment was 37.5 percent. The & polarization was
measured for X~ produced between center-of-mass angles 134° and 166°
measured from the direction of the incoming x .
IT. EXPERIMENTAL DETATLS

The arrangement of the spark chambers and counters used to detect
K+ mesons is shown in Fig. 1. The beam of n wesons passed through
counter Sl and D, and through a hole in veto-counter Al to strike the
polarized target. Counter D was connected to a circuit (ﬁc) which vetoed
events in which two particles arrived in a period of 0.45 usec in order
to decrease the number of double tracks in the spark chambers. K+ mesons
produced in the ta?get passed through scintillators 82 and 85, through
water-filled Cerenkov counters Cl and 02’ and stopped in the large water-
filled Cerenkov counter T. The Cerenkov threshold for water is B = 0.75
so the K mesons (0.7 < B <£0.75) did not trigger veto-counters C, and
02 but elastically scattered x and protons did. The 1.3% inch copper
block degraded the momentum of the K+ mesons sé that they would stop in
T. Once in T, a K+ meson decaying by either K“2 or KHQ decay produced a
charged particle with B high enough to trigger T. If the particle passed
through a side of T covered by one of the 4 u counters it would also

trigger a p counter. The T signal and the sum of the p counter signals

(usum) were required to be delayed by more than 6 nsec from a "prompt"
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signal to further favor triggering on X" mesons. Veto-counter A2 pre-
vented triggering on events in which there was an unscattered beam parti-
cle. The master trigger can thus be written as

SlSES5DCA10102A2 (T

sum)delayed

Once triggered, spark chambers Kl through KM recorded the K+ trajectory,
while the Mu chambers recorded the trajectories of the K+ charged decay
products. Chambers B5, BM and B5 recorded the trajectory of the incoming
% . Not shown in Fig. 1 are spark chambers B, and B2 and a bending

1
magnet which in conjunction with spark chambers B5 and Bh made a magnetic
spectrometer measuring the . momentum. Counter signals were photographed
on a four-beam oscilloscope, and the delay-time distribution between any
p-counter signal and the 85 signal was checked for consistency with the
K lifetime.
ITI, DATA ANALYSIS AND RESULTS
In the particular target used in this experiment only 3 percent by
weight of the target constituted free hydrogen and therefore X hyperons
were produced from protons bound in heavy nuclel in the target as well as
from free protons. A large percentage of these quasi-elastic events were
 eliminated by reconstructing each event kinematically and discarding those
events where a large momentum (Fermi momentum) of the initial proton was
indicated. Kinematic variables measured in this experiment were the
momenta, of the incoming n~(E%_) and +the outgoing K+(EK+); the % was not
measured because it usually decayed before reaching the spark chamber
which could have detected it. However, it is very probable that most of
the detected K+ corresponded to the production of a Z_, since for a two-

body final state, one final particle being a K+ and the other a A, Z+, or
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ZO, production by a % incident on a nucleon is forbidden by charge con-
servation. However more complicated interactions in heavy nucled, such as
x +Dp+p- K+ + A + N, or the production of extra particles in the
final state, constituted part of the quasifglastic background which had to
be subtracted. The magnitude of the K+ momentum was found from its range
in counter T.

Momentum determined from the range measurement was compared with
the momentim measured from the particles bending in the polarized target's
magnetic field. This comparison made it possible to eliminate the back-
ground of % mesons and rotons which had triggered the system in spite
of the bias against these particles by the electronic logic. From E&
and Ek the mass of the unseen % was calculated from the formula

o > o 5 > o
My~ = EBp" - Py o= (B 4w - BT - (g - K

whexre EJt and EK are total energies of the x and K+, respectively, and

)2

2

mp is the mass of the proton. If the event was from a free proton the
missing mass of the unseen particle would be 1197.2 --the mass of the % --,
but if it was from a bound proton, the Fermi momentum would usually make
the missing mass some other value. Of course some of the guasi-elastic
cvents exactly simulate events from free protons, and this background

was measurcd by means of a dumy target similar to the crystal target

but lacking free hydrogen.

Mpgure 2 shows the distributions in missing mass for the final
sample of K+ evenﬁs. The unshaded histogram contains positive and nega-
tive target polarization data added together and the shaded histogram
contains the dummy target data. 1In order to normalize the dummy target

distribution to the polarized target distribution according to the number
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of incident n mesons, the dumy target data have been multiplied by a
factor 4.2. This is the ratio of the number of incident n for polarizead
target data to the number of incident n  for dummy target data. The
smooth curve is a Monte Carlo calculation of the missing mass distribution
for the crystal target normalized to the actual number of events, while
the dashed lines show what part is due to quasi-elastic events. Included
in the Monte Carlo calculation is the estimated resolution of the experi-
ment in missing mass which is taken as a Gaussian with ¢ = 6 MeV. Resolu-
tion in missing mass 1is calculated from the effect of Coulomb scattering
in counter T on EK’ and the effect of Coulomb scattering in the polarized
target and of inaccuracy in measuring spark chamber tracks on Eﬂ and ﬁk .
Events in the mass interval 1184 < missing mass < 1210 MeV will be taken
to be in the "elastic" peak, which means that 2 standard deviations are
taken on each side of the mass of the Z-, assuming a 6 MeV resolution.
After subtracting the dummy target distribution (representing events from
bound protons) from the crystal target data, there is a total of T2 events
from free hydrogen.

Figure 3 shows data for positive and negative target polarizations
- plotted separately. The upper graph corresponds to negative target
polarization; the shaded histograms are normalized dummy target data.

Figure I shows the decay-time distribution of all events from
crystal or dummy target which were accepted as K+ mesons. Agreement with
the K+ lifetime is seen to be satisfactory. The final value found for the
polarization was fz = -0.36 *+ 0,46 .

Statistical error in the polarization amounted to #* 0.41, but in

addition there were two principal sources of systematic error. One error
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was a 10 percent uncertainty in measuring target polarization. The other
systematic error came about from the manner in which the dummy target
background was normalized to the crystal target data. Because the dummy
target was only 0.75 as dense as the crystals, fewer events occurred per
unit area with a given incident flux of % mesons; but because the dummy
target was larger it intercepted more of the beam, which tended to equa-
lize production rates of events from bound protons in dummy and crystal
targets. What is usually done in polarized target experiments to get
the correct background normalization is to take the shape of the dummy
target data and normalize it to the quasi-elastic tails of the crystal
data in whatever manner it is plotted. In this experiment the number of
events in the inelastic tails of the dummy target was only 20 events which
i1s too small to be useful. Another possibility would be to ignore the
dummy target data and use the Monte Carlo calculation to estimate the
quasi~elastic background. Agreement of the flux-normalized background
with the Monte Carlo calculated background is certainly encouraging; but
there are large uncertainties in the calculation too,as a result of the
oversimplified nuclear model used. The procedure finally adopted was to
calculate the polarization as if the flux-normalization was correct but
increase the error to take account of the possibility of an incorrect
normalization. TFrom considerations of the maximum possible error in the
normalization, this systematic error in the value of the I polarization
is estimated to be * 0.2 which when combined with the other errors, all
taken in quadrature, yields the stated error AP;- = % 0.46 .

Although this measurement of &~ polarization is lacking in statisti-

cal accuracy, it does serve the purpose of concretely demonstrating the



-8~

feasibility of the method used. Enlarged K+ detectors and longer experi-
ments for greater statistics will make polarized target experiments very
practical for investigating b polarizationyin the reaction m + P ».Z- K+ .
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FIGURE CAPTIONS

Fig. l.A Elevation diagram of the counter and spark chamber arrangement.

Fig. 2. Missing mass for dumy target (shaded) and crystal target data
normalized to the n flux. The smooth comtinuous curve is a
Monte Carlo calculation of the crystal target data, and the
smooth dashed curve shows what part is due to events from pro-
tons bound in heavy elements of the target. Normalization of
the Monte Carlo calculation is to the number of events in the
crystal target data. The calculated resolution in.missing mass
is illustrated by an interval which shpuld contain 68% of the
events from free hydrogen in the crystal target.

Fig. 3. Missing mass ploéted separately for positive and negative target
polarization., Shaded histograms indicate dummy target data
normalized to the crystal target data. The top graph corresponds
to the target polarized opposite the production-plane normal.

Fig. 4. Decay-time distribution of K+ mesons for summed polarized target
and dummy target data. A line with a slope corresponding to the

K+ lifetime of 12.3% nsec is shown for comparison.
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