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Berkeley, California

April 13, 1959

ABSTRACY

Neutral hyperons produced by 5-Bev 7~ mesons incident on a
large propane bubble chamber are analyzed in detail with.respect to
production cross seétions: and ahgular dist‘ribi;tions of production and
decay, and the A lifetime is measured. The éross section for neutral-
hyperon (Y°) production by the reaction 7" p — Y°K is 0.98 % 0.16 mb.
The cross section for carbon o(n C — YOK)’is 6.05 % 0.89 mb. The
-10 sec. . The correctled
lifetime is observed to be (3.23-% 0.36) X 10”30

down decay-53ymmetry for. A hypefons is ﬁot'significantly different

sec. . Although the up-

from zero, the fore-aft decay angular distribution is asymmetric;

a P = :0.31.%0.12 where the decay proton distribution along the ‘A
direction of motion has been examined. This is suggestéd,as evidence
for nonconservation of parity in the production interaction. The A-
producfion angular distribution is peaked backward in the production
center of mass. The A momentum spectrum and the distribution of
A-production. star prongs. are presented, . Sources of bias and their
correction arej disclussed,‘ and an estimate is: made of the carbon

contamination of the events that contribute to the hydrogen cross’ section

for Y° -productionw
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I. "'INTRODUCTION

The neutral V particles and their charged coﬁnterpa;'ts have
been intensively studied ever since the origin_a.i work 'of'Rochest'er
and Butler in 1947. ! The early work was largely concerned with
establishing the simple properties of these particles, such as Q values,
lifetimes, and decay modes. Cosmic rays were the only source of these
particles until accelerators were constructed that could accelerate
protons to the energy range of 109 electron volts. It was soon found
‘that the production of heavy unstable particles is ”copiousf”2 in 7 p
interactions, with a production cross. section of one millibarn (mb)
out of the total inelastic cross section of 25 mb at 1.4 Bev. 3 The long
: lifetime of the particles in view of their copious producfion is under-
stood by the hypothesis of associated production. 4 The “strange particles
are produced in pairs via the strong interaction and decair indépendently
" via the weak interaction. This idea contains implicitly the notion that
the production process is conser‘ving some quantum number (strangeness
quantum number) and leads to the introduction of the concept of
strangeness.

V Recently developed experimental techniques such as the bubble
chamber have aided the investigation of difficult and sophisticated

| problems in the study _of strange particles. A survey of these experi-
ments includes the production cross section near threshold  and strong
interactions with nucleons, ! the partic'le mixture concept8 and anomalous
decays, ? the nonconservation of parity in the decay of strénge particles, 10
" and determinations of intrinsic spin, 1 Interest in these particles stems
from our relative ignorance of their properties and behavior under

strong and weak interactions. It is interesting to remember that the

7 meson was discovered almost simultaneously with the V' particles,

yet present understanding of the strange particles is less developed

than those corresponding levels of :pion phenomena. _

Much of the strange-particle production has been observed in
bubble chambefs of hydrogen or propane utilizing pion-proton inter-

actions. The energies of the pion beams in these experiments were
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all chosen in the vicinity of the strange-particle production thresholds
ranging from a pion kinetic energy of 910 Mev to 1300 Mev. The analysis
. of experimental data and theoretical interpretationj of the dynamics of
production and decay are simplified considéraBly in de‘aling with final
states of low relative energy. DBecause of 10“; energy, ‘the final state

of two strange particles is well defined theoretically, and each
identified V° possesses a unique momentum according to its angle
- of emission, because no other particles are produced. Thus in the
production experiments- in propane it is possiblé to make a reasonable
separation between hydrogen events and carboh events and between the
AK and =°K final states. ‘In this experimeﬁt an incident pion of 5
Bev releases a Lulal energy of 3.2 Bev in the broductlon.center of
momentum, and it is possible to produce a-maximum of 12.pio.ns in
. addition to a K-Y pair. Here Y is the symbol for a hyperon.
Obviously it is impossible to separate hydrogen events from carbon
events by kinematic requirements,. alone.l Likewise it is not feasible

to separate 3°K events from ZK events. Therefore one finds the
sum of cross sections ©m p - =K anci m p > AK and represents
it as a single cross section © p — Y°K. However, one is able to make
a reasonable estimate of the carbon contamination as shown later.

The events described in this report were obtained by exp_o'sing

a large propane (C;Hg) chamber to a 5000-Mev m beam at the Berkeley
Bevatron. A previous experiment utilizing a diffusion cloud chamber
has been performed under similar conditions. 12 It also yielded data

on V° angular distributions and a rough estima;te of the Yo—production
cross section atz Bevatron energies. 13 Three results are of particular
interest here: (a) the prc‘)duct‘ihonxc.ross section of Y°'s af high
energies, (b) the appearance of an asymmetric fore-aft distribution
in the decay of the A, and (c) a A lifetime in agreement with that
observed in cosmic rays. The lifetime also agrees with that obtained

in the Berkeley bubble chamber experiments. 14
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II. EXPERIMENTAL METHOD AND REDUCTION OF OBSERVATIONS

Pion Beam and Abparatus

The experimental arrangement is shown in Fig. 1. The
circulating proton beam of 6.2-Bev kinetic energy struck a copper
target at 14° preceding the west straight section. Particles leaving
the target tangent to the proton beam were analyzeld‘by the Bevatron
field for a negative i)article momentum of 5.5 Bev/c. . Two successive
quadrupole triplets (A and B) were used each as a single léns, and
the beam was then deflected 7.2°vby a 5-ft analyzing magnet (C). The
center of the propane chamber was coincident with the target image,
being located 56 ft from the target. The momentum of most pions
fell between 5 and 5.5 Bev/c.

The beam was cbmposéd.primarily of pions, with contaminations

of p~ mesons and electrons in decreasing order. Despite the distance

" of the chamber from the target, the high velocity of 5 Bev/c pions

(By ~ 36) yields a calculated p componert of (6 £ 1) %.

The electron component is negiigible, - The mean beam momentum
incident on the chamber was determined by magnetic analysis and counter
measurements to be 5,02 * 0.25 Bev/'c.' Radius-of-curvature measure-
ments on.a selected sample of beam tracks (Fig. 2) yielded a mean
momentum of 5.03 + 0.21 Bev/c which is in good agreement with the
independent determination by magneﬁc analysis. The value of the
beam momentum is not critical in the é.nalysis that follows. Consequently
a value of 5.00 Bev/c was adopted in the subsequent calculations that
require knowledge of this parameter.

The observations were made with a large bubble chamber of the
propane type expanded ten times per minute in a constant magnetic field
"of 13,000 gauss (Figs. 3-and 4). . The chamber -and its associated equipment
have been described previously. 15 Photographs-of the expanded chamber
were obtained in stéreo pairs by two cameras using Eastman Linagraph
Panchromatic 70-mm film and equipped with- matched wide-field Dégor
lenses of 4-3/8-in. focal length, Fiducial marks consisted of a 5-cm
grid on the top and bottom glasses of the chambe‘r"a‘nd auxiliary sets
of crosses on both glasses. Picture number,. perinent run data, and

magnet current indicated on an ammeter were recorded on each photograph.
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Fig. 1. The beam setup showing location of magnets and *©
chamber. -
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Fig. 2. Distribution of measured momenta of pion beam
tracks. '
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Fig. 3. The 30-inch propane bubble chamber, showing

(a) the propane container, (b) the glass windows,
(c) flexible rubber diaphragm between side wall
and top-glass clamping ring, (d) stainless steel

.guiding rod, (e) cylindrical ball bearings controlling

the guiding rod, (f) cylindrical Hycar rubber
diaphragm, (g) 3/4-in. Barksdale valve,

(h) transducer for measuring thc propane
pressure, (i) one of the 13 flash tubes, (j) opal-
glass diffuser, (k) venetian-blind light collimator,
(1) two of the four viewing ports in the top of the
chamber, (m) thermocouple for measuring the
propane temperature, (n) propane fill tube,

(p) water tubes under the chamber, (q) water
tubes in the upper part of the oil container,

.«(r) water tube around the top cover plate,

(s) water tube around the bottom. of the oil container,
(t) nonmagnetic steel region, (u) copper sheet,

(v) Mylar sheet, (w) polyurethane sponge, and

(x) copper sheet.
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Fig. 4.

The 30-inch propane bubble chamber in its
magnet, showing (a) iron slab forming the
bottom of the magnet, (b) bottom copper coil,

(c) iron cylinder, (d) four iron posts supporting -
top slab E, (e) upper iron slab, (f) upper coil
of the magnet, and (g) return paths.
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Film Scanning

About 30,000 pictures were obtained and scanned once in a group
effort to find V° particles, =~ particles, and antihyperons. Ten
thousand of the highest quality pictures were selected for. a second scan.
The second .scan was principally devoted to searching for. V° production
by beam pion interactions in the visible pfopane volume. We may
estimate the scanning efficiencies by comparing the results of the two
separate scans. If N is the num’ber-of- recognizable events, thens
n, events are found in the second scan with efficiency e, = n/N and n,
events are found in the second scan with efficiency e, = n/N{’

"The number of recognizable events found in a double scan is’

n=mn,; +n,-n; 2. where n 5 is the number of events found in
common to both scans. The.joint efficiency of a double scan is given
by e;,=1- (1—e1) (1' - e,). The second scan of 10,000 selected
pictures gave e, =e, = 74% and a joint efficiency of 93% in finding
a recognizable v° decay with a‘possible related production origin
nearby.

The depth dependence of scanning efficiency can be imnortant
if the verticavl dimeneion of the beam is comparable to chamber depth
or the beam is off center. Figure 5 shows the depth distribution'of'
production origins; which is in excellent agreement with the beafn
profile determined by counter measurements. A depth correction to -

scanning efficiency for finding the origins is therefore negligible.
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Fig. 5. Height distribution of v° production origins,
Smooth curve is flux in l-in. by l-in. counters.
The histogram is derived from measured
origins,



-14-

.+ . Production ‘Plane Bias

* A chamber with a’ sensitive depth that is shallow compared to
its width and length can effectively create a bias against observing
“events with vertical production planes. - This bias against observing
a particular production-plane orientation is enhanced by an asymmetric_
lateral distribution of the pion be;.m. Although the beam is well focused
vertically, ifs lateral distribution across the chamber rises from zero
-along the left wall to a maximum flux along the right wall of the chamber."
- Consequently v° particles are missed when they are pro'duced near
‘the right side and subsequently come off to the right. Figure 6 shows
the distributidn for all V° particles observed, where ¥ 1is the angle
between the production plane normal and the vertical normal parallel
to the magnetic field. The ¥x distri}qution should be isotropic. The
asymmetric beam distribution causes some v° particles with production
planes near zero to be missed. The dimunition of v° observed with
production pianes near 90° is because.the chamber has more area
' than depth. Thus from the folded x distribution of Fig. 7a one may
3 estimate that 84% of the v° particles were observed, and therefore

16% of the A° s'ample was missed because of productibn—plané bias. .
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Fig. 6 Distribution in production-plane orientation
x for all observed VO,
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* ‘Decay-Plane Bias

The angular distribution of v° decay planes with respect to the

' plane of the chamber is shown in Fig. ‘8a. . The corresponding distribution
' for all observed A hyperons is shown in Fig. 85, The i'ndepe‘ndent
variable m represents the angle between the decay plane normal and |
the vertical direction to the chamber plané, Both distributions are of

the same form which is approximately .1 +'sin 21, The following
discussion explains why this is the distribution expected.

R The suppression of observed decay planes near zero is dependent
on the production angular distribution in the laboratory system. The
minimum angle %' that a decay plane can make with the plane of the
chamber-is the angle that the Vv line of flight forms with a horizontal
plane. Consilder the [ulded w distribution of Fig, 7a fox all VvOis.
Those V°'is forming an angle 7' with the chamber plane can decay
with' f values from 7' to n/2. The range 0& N&M' Lo i %l
is physically impossible, since the decay plane must contain the
direction of the V°. This does not imply that the suppression of decays
with N values near zero represents missed.decays. The number of
decays with 1 near w/2 should be roughly equivalent to those with
n near zero. One can see this by examining those VOts that come off

in the plane of the chamber and hence are free to decay with 7n values
from 0 to /2. The A laBora.tory production angular distribution is
shown in Fig. 9.. It is approximately a cosZQL distribution where S'ZL
is the laboratory production angle. This is a factor in suppressing
the 1N distribution near /2. The fact that the distribution obtained

is that expected indicates that the decay-plane distribution is free from

bias.
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Fig. 8. (a) Distribution in decay-plane orientation
n for all observed V hyperons. (b) Distribution
in decay-plane orientation m for all observed
A hyperons.
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for observed A hyperons.
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Detection Efficiuen'cy

Production events of V° are found by‘ scanning first for the
characteristic decay and then attempting to find a‘production origin in
the chamber volume of propane. In the course of identification of these
V events as legitimate, they are subjected to the constraint that their
transverse momentum must balance about the assumed line of flight
defined by the production and decay points. This procedure eliminates
practically all the anomalous decays. The leptonic decays have been
shown to be less than 2% and consequently are neglected. 17 This
procedure of ﬁhding a decay and its production origin sele-cts a sample
of V particles from a background of similar particles produced in the
steel chamber walls ‘and accidental neutron stars. '

One caAr.1' lose real events in the following ways:

(a) the decay is visible as a recognizable V but is overlooked,
(b) either the decay or-its related production origin is obscured be-
cause of an excess of tracks in the chamber, (c) the decay event is
invisible bccause of decay via a neutral or long-lived modéA, (d) the
V decays outside the visible region of the chamber, and (e) the V
decays via the charged mode in the visible region, but is not recognized
as a legitimate decay. Such losses of events wef‘e qdmpensated for in
the following ways. (a) The recognizable events lost by inefficient
scanning and the resultant correction have been discussed under Film
Scanning. (b) Pictures with too many tracks were eliminated in a |
. systematic way by counting beam plus backgfound tracks crossing any
25-cm length perpendicular to the beam axis. When this count was >
45, the picture was rejected. This eliminated those decays in which the
production origin was obscured because of an excessive number of tracks
in the upstream region. (c) < The branching ratio for charged decay of
A particies was taken to be 63 %. 18 (d) The probability of observing
a v° decay via its charged mode depends on the particle's lifetime,
. momentum, and geometrical factors. Gayther and Butler19 give a
simple expression that aliows a correction to be made for those that

decay via the charged mode outside the observable regioh; ‘The



C=21-

‘ "tO/T T/T
probability of decay in the visible regionis P(t,, T} =e -e

where the time ratios refer to the same frame of reference, to is

the time of flight from the production point to the point where the decay
can first be observed, and T is the maximum time of flight from the
production point to the exit point from the fiducial volume. The exponents

are of the form

to/T = = 8 ., T/1-= m X,
cT p : ¢cT . p.

where a is a fixed distance necessary in order that a 'V particle

" get sufficiently far from a production origin to be distinguishable from
two prongs af the production star. It is taken to be 3 mm, which is
about the range of a |.L+ in propane from at decay. Here L+ a is
the distance along the flight line from production dr.igin to the inter-
section with.a surface of the fiducial volume, the v° momentum is

-10 sec and Ty as LX 10"l

p, and T, was taken to be 3X 10 0 sec in
calculating P(to, T). A . ,

As an example, the detection probability P(to., T) is shown as
a function of momentum in Fig. 10 for both v° types. The value of
P(p) was calculated for ‘L = 35 ¢cm, an average potential path, and
for L =66cm, a maximﬁm potential path. . The graph shows that
D(p) ie insensitive to L -changes up to about p = l'Bev/c° Beyond
that, greater 'L values increase the detection probability,«

. This technique is used in correcting the _AO momentum spectrum
(Fig. 11). . By the method of Gayther and Butler, each observed event
is given-a weight of W = .(1/P). . This corrects for those events decaying
outside the fiducial region.

There is another method one can use to correct for decays out
of the visible region when a well-delined beam and visible production
origins are available in a large chamber. . The. v? decays-are lost
because of edge effects and production-plané bias. The correction for
production-plane bias has already been .discussed. The correction for
depth dependence of scanning has been discussed and found to be

negligible.  The correction for edge-effects' along the -side walls of the
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chamber are included in the correction due to production-plane bias.
The loss due to the ends of the chamber is the only correction that
remains. The number of observed A decay origins as a function of
x (the beam distribution) is plotted in Fig. 12. A decays are missed
near the front wall of the fiducial region (x = 25 cm) because the pro-
duction is outside the fiducial region. The A decays are missed .
near the end wall (x = 75 cm) because the decay is outside the fiducial
volume for production just inside the end wall. However those decays
missed near the front wall are not to be considered as a correction,
becauoc their productivon was outside the 1'1.ducia'l region. Those decays
missed near the end wall are considered as a coArrection to the number
" of observed A's for cross section purposes. The cross section for
Y° production is derived from those.. production events in the fiducial
volume. If the distribution of decays is' assumed constant along the
beam direction, then the observed sample of A decays in Fig. 11
represents 93% of the ‘Yo hyperons produced in fhe fiducial region.
One can check the correction for the end-wall effect and the
production-plane bias by comparison with the weighting factor of Gayther
and Butler. The production-plane and end-wall bias combined indicate
that (79 £ 7)% of the A decays are observed. The weighting factor
applied to the observed decays shows that (75 % 9)% of the A decays
‘are observed. . The agreement between the two methods of correction
is well >wi'thin experimental error, | '
{(e) There are two-factors contributing to this bias. As is well known, .
v° particle-hs with decay 'planes nearly parallel to the lens axis through
which they are being observed are more difficult to detect in scanning
than those with decay planes perpendicu‘lar‘to' this axis. - The strong
magnetic field and the long track lengths effectively remove this bias,
as was shown in the discussion of decay-plane bias. '
The second fadtor contributing to the bias of type (e) arises
when a decaying A hypéron emits'a low-energy negative pion in the
laboratory. One requirement in scanning was that the v° decay
exhibit a definite negafive prong. A range of 1 cm in propane was taken

as a lower limit on the negative prong. If the negative pion formed a
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Fig. 12. Distribution of the A decays along the beam.
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prong of l-cm length or less the event was discarded. . This effect is
enhanced in propane,. since a pion with.an energy of 9 Mev will travel
only 1 cm or léss, and the observed positive track is easily confused
with the effects of the neutron background. If one assumes isotropic
decay in the center of mass, the fraction of A's of a given momentum
~ which has 7" mesons with ranges less than 1 ci in the laboratory
system is given by the curve of Fig. 13. By folding this curve into
the momentum distribution of the A's, .the percéntage of A hyperons
discarded is found to be 7 %.

. o] .
In summary, these correclions to the Y cross section are as

follows:
(a) joint-scanning efficiency (elz) ‘ 93+7 9,
(c) fraction of charged decay - . 63 %
(d) production-plane bias | . 85+5 %,
(é) low-energy T bias ‘ : 93  %.

The combined product of these correction factors gives an
.observational efficiency of 43.0%, which is used to correct the Y°

cross section.
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-~ Identification of Events

An event was called a V° if it consisted of two prongs, one of
which was negative. - A V? was measured if a pion interaction could
be associated with it as a production origin. Such an event was sub-
sequently measured in both views by the use of a digitized microscope
that yielded coordinates along a track in punched-card form. This data
was processed on an IBM-650 computer to yield track momentum and
directioﬁ (dip and azimuth angles) with their associated errors. The
coordinates of the production and decay points were.given. The range
of tracks étopping in the liquid and the length used in determining angles
and momenta were indicated for all tracks. The computed momentum
.errors allowed an additional 10% for multiple scattering in propane.

Some V° were identified in.scanning,v either by ionization estimates
or by the fact that the positive tr;ck.of the Vo'stopped in the chamber or
‘interacted in the propane. For those ve particles that could not be
identiﬁéd by inspection, a-Q value was calculated by first assuming
a A decay and then.a K° decay. If the calculated quantity
Q(m, p)*6Q included 38 Mev and Q(mw, m)26Q did not include 214 Mev, the
event was classed as a . A, and vice versa for the K° decays. If the
calculated .Q values and their respective error intervals included 38
Mev and 214 Mev, the event was classed as an ihdistinguishable
A-0 event. A few events which satisfied none of these conditions were
apportioned in the same way by relaxing the Q limits to Q£26Q. This
class of events was almost always composed of poorly measurable decays; -

.both legs were short in the visible region and gave poorly determined
momenta from curvature measurements, or small-angle scatters
occured which distorted the curvature and resulted in very inaccurate
momentum values. ' | '

For practical purpc\)ses,, it was always obvious in scanning which
pion interaction was.associated with an observed v° decay. However,

. a check on this question utilized a constraints calculation that balanced
components of the resultant V® momentum about the line of flight by
adjusting the measured momentum and direction of the v° legs. A
maximum momenturﬁ unbalance of 10 Mev/c was permitted for eé.ch
component. All origins assigned to v° .partiéles in scanning were con-

sistent with these constraints,
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III. RESULTS AND DISCUSSION

Total Cross Section. .

A f1duc1a1 volume was selected in the chamber for total -CTOSS~
section and mean-life detcrm1nat1ons The volume mea.sured 14 cm
high, 40 cm w1de, and 50 cm in length along the beam. Only those
events that included the productmn origin and its decay V . within
this volume were considcred for analysis. To find a Y. A cross section,
one needs to know the actual path traversed in the tar'get'by beam pions
and the number of A produce&, It can be shown that the a.{./Aevt;ége beam

pion entering the chamber traversed an effective l‘éngtl"i K,I.._(.lue;:i )

" before interacting, where a is the maximum length it conld traversed
and still produce a visible interaction, and 'I\T 18 t;(;a mean free path
for 5-Bev pion interactions of.all kinds in propane. ‘The beam was

-~ sampled by counting in every twenty-fifth acceptable picture the number
of beam tracks that entered the fiducial volume within #5° of the mean
beam direction. Tracks that suffered sudden changes in curvature were
classed as electrons and were not counted. The average number of
entering tracks times the number of acceptable pictures gives the

" number of entering pions. This product multiplied by A (l-e Y—Qa )
T T

gives the total path traversed by the beam, which amounts to
1.094 )(106 gm/cmZ if the propane density is assumed to be 0.415 gm/cms.
The various factors that correct the observed number of A particles
have ‘been discussed under Experimental Method.

The high incident-pion energy and the resultant multiplicity of
final states available make it impossible to separate carbon events »
from free-proton events by a kinematical analysis. Likewise =°
pfoduction cannot be distinguished from direct’ . A production because
the momentum is not unique for a given production angle. Thus the N
cross section found here will represent that for both A ‘and =°
hyperons together. The method used to distinguish hydrogen events

: from carbon events is outlined below
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Production stars for A's were divided into three classes.
Production stars with slow prongs were not used in this estimate. The
number of those with an even number of fast prongs was N(even) and
those with an odd number of fast prongs, N(odd). A previous experi-
ment with 5-Bev pions on hydrogen has shown that hydrogen events
consist efxtirely of stars with an even number of fast prongs.

Therefore, all the hydrogen events are contained in .N(even). There
are also events produced in carbon, and the number of those carbon ‘
events with even numbers of fast prongs is indicated by N(C). If

N(C) were known, then the number of hydrogen events . N(H) would be
équal to -N(even)— N(C). '

In order to estimate N(H) the assumption is made that N(C)
= N(odd). On the basis of this assumption, it is found that the carbon
contamination is (26 + 11}’/0 .

The justification for this assumption lies in the fact that 5-Bev
pions on hydrogen produce only even numbers of fast p'rongs, that the
m -p and T -n total cross sections at 4.5 Bev aré approximately
equal, 21 and that a T -n event would produce an odd number of fast
prongs only. Thus with these assumptions, the collision of pions with
quasi-free nucleons near the surface of the carbon nucleus should give
even numbers of fast prongs for a proton:and odd numbers of fast prongs
for a neutron. For collisions with nucleons deeper in the nucleus or
secondary reactions of mesons in the nucleus; boil-off protons would be
expeActed to appear as slow prongs, and these events are excluded by the
requirement of fast prongs only. Assuming that the corresponding set
of A-6 indistinguishables divide in the same ratio as the distinguishables
implies that 439, of the A-0 events are to be classed as A's. Thus one
finds:
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fraction of charge decay

low-energy’ n  bias

end-wall effect

- production-plané bias -

- observed
carbon .

'beam—path length

o(n p—-KY°)

The sum of the cross section KA and K =°
is 0.56£0.18 mb, 2%

measured thus far (1300 Mev)

12)

'(‘93}7)%
63%
939%-
(93+5)%
(85%5)%
68+12%
(26£11)%

1,094 x10%gm/cm 2 £6,

74(68)

8(‘%}’})(1 094)(0.43)

=39 2

= 97.5X10 cm

© 0.98%0.16mb
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A10 em

at the highest energy

This high cross section

at 5 Bev may be an indication that other channels contributing to the ob-

-served A may have opened because of the high energy available in the

center of mass.

film,. 1®

Since only two =

and because there is no obvious reason why &

should be much stronger than that for. =

T, it is impossible that =

~ hyperons were observed in this

production
—0

decay could produce a singificant contribution to the Y® cross section.

It has beén suggested that the exchange reaction

‘contribute,

="p - An could

'believed that the selection of evehts has eliminated this pos sibilﬁi'ty

The increase of the cross sect1on over that at 1300 Mev could be con-

sidered as evidence for an incorrect estimate for the carbon contammatxon,

but this requires production in complex nuclei, and it is

were it not for the fact that it is in rough agreement with that determined

by Eisler et al. at 1300 Mev. 6

An additional check on the determination of carbon contamination

is provided if we assume an (A)Z/3 law for production and find the*per

. A o
nucleon cross section of propane for Y

we have

production by 5 Bev pions.

Thus

(491
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167 -29 2
5032 X 10 cm

(1.094)(0. 43)(_471_)(23.75)

d(Yo)/nucleon =

=(1.09#0.14)mb/nucleon .

The fact that this value is slightly larger than the cross section for
free protons is in agreement with the greater transparency of the carbon
nucleus at higher energies. It is also in agreement with.the fact that
inelastic pions are produced with energies above the associated production
_ threshold. These additional pions can interact, producing s‘trange
particles before escaping the carbon nucleus and thus enhancing the
production of neutral hyperons on carbon.

If we assume the validity of the contamination estimate, the
carbon cross section for Y° production by 5-Bev pions is

(7 G-Y°K) = —0 117 — K 10" 2% o2

(0. 43)(1@94)(1_4_)(3)

=(6.05%0.89)mb.

For convenience, a list of events used to determine theseA
quantltles is listed below:
" Number of A events from even. fast -prong stars 58
Number of indistinguishable events from even fast-
prbng stars g 24
Number of A events from all types of production ’
stars : : 138
Number of indistinguishable events from all types |
of production stars . A 67
Number of 8021 events from all types of production

stars ' 183 .
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.The A Lifetime

The . A lifetime is .o.f some interest because of the difference
between values obtained mainly from A decays observed in cosmic
rays and some values obtained in threshold experiments using accelerators.
The accelerator results for the mean life arc generally smaller than the
cosmic ray values.(See Appendix ‘). 14 The experimental conditions
of these conflicting e asurements are usually quite différent.‘, - The cosric
ray cxperiments presumably utilize high-energy pions incident on complex
nuclei to produce neutral hyperons. . The preduction is usually not ob-
served directly. The accelerator exper'iz"nents,use well defined ™
beams of energy just above the assoéiated production threshold. The
strange particles are 1arge1y‘_prodvllced in simple pion-nucleon interactions,
. and the production origin is observed directlsr, | o

The accuracy of this lifetime measurement is insufficient to
distinguish between the different values found.. . However, this measure-
ment is of some value in that it simulates a well-controlled cosmic ray
experiment, since the incidéntepion energy is high, and.most of the
production occurs on.complex nuclei {(carbon). - An additional improve-
ment is that the production origin is always observed directly.

. The technique used here is standard. 24 if the A is produced
at the point P and decays a distance { away at: D, then the proper
decay time is ‘t = {m/c){£/p). The potential time is T=(n'1/c)(L/p)n
where L is the distance from P along the line of flight to the inter- .
section with one of the surfaces that define the fiducial volurﬁe. The
fiducial volume used here is the same as that used in the cross section
determination. . The same cut-off correction of 3 mm as discussed
previously is applied to £ and L. .This excludes two observed A
events with decay lengths less than 3. mm. -

. The average potential time in this experiment is 16 times the
average decay time, and.a good lower limit for the lifetime is provided
by the average decay time. Thus 121 well-measured A-production-
and-decay origins provide an.average decay time't = (3,12:1:0,34))<10_10

sec where the 11% error is combined from the statistical uncertaint‘y
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of 9% and a random momentum error of 6%. Most of the momentum
error is due to multiple scattering. An integral decay plot is shown
inv:Figo 14. . The decay curve drawn corresponds to the observed
average .decay time.

The maximum-likelihood estimate of the mean life25 provides

an additive correction to the mean decéy time of (1/N) El, Ti/(e )\Ti-l)

' - =T, i=i
which is approximately (1/N) § Tie ' for XTiA 1. Here N

: - i=i -

is the number of events. One can estimate this correction by assuming
a rough value for \ = "7-1 and evaluating the above term. If the value
T ='3)<10_10 sec is assumed, the correction amounts to 4% of t and
the corrected mean life is ™w (3.24%0.36) 10"10 sec.

Although the value for TA

reported here is high, it agrees
with.the values generally found in cosmic rays 4 and also that obtained

in the Berkeley bubble-chamber experiments.
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Fig. 14. Integral decay plot of 121 A decays

(uncorrected for losses).  The slope drawn is the
mean decav time. ' '
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Production Angular Distributions

The Center-Of-Mass Distribution

‘The_an_igular distribution for neutral-hyperon production peaks
backwards for production in the vicinity of threshold. The events ob-
served at 5 Bev exhibit the same form. . Figure 15 shows the pro-

duc_tion.a.ngula?r distribution for the observed A particles. Here £

- is the center-of-mass production angle when the production system is

assumed to be a 5-Bev pion incident upon.a proton at rest. No distinction’
can be made between directly produced A's and those arising from

=° production.

The Laboratory Distribution

The Yo-productionAangular distribution in the laboratory system
is largely forward as shown in.Fig. 6. Here QL is the polar angle of

the outgoing A with respect to the beam axis., There were no A

" hyperons observed to travel backward in the laboratory system.
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- Decay Angular Distributions

The Up-Down Distribution

The up-down distribution with respect to the A-hyperon production
plane depends on two conditions: first, that the hyperons have spin
.and are polarizable, and second, that parity is not conserved in their
decay. 26 The A haé a preferred decay orientation with respect to
its:spin, In pérticulaf-the 7~ comes off preferentially "up”“": when
"p!is defined as ﬁiX’ﬁAL,' . The vectors are unit vectors a'i.ssociated
respectively with the incident-pion momentum and the outgoing-A-
particle momentum. - The original interest in this distribution for
hyperons was to test parity conservation for decay processes that did
invol\ré a neutrino. v

The description of this decay asymmetry follows that previously
given in the iit,eitatuﬁi:er; 27 The pseudoscaler § = ﬁn° 'f)i )(f)‘A , where
all quantities are measured in the laboratorﬁ system, was examined

4 = 3 /
for 135 A decays and yielded a P, =— .= £.+ —3 =0.1220.15 .
1 N Tl Ty . .
Here ?’1 is the component of hyperon polarization along ﬁi )(ﬁA

averaged over all production.angles, and a is'a constant that represents
the degree of parity violation. The constant a has been measured.
Consequently the up-down asymmetfy measured here represents a
measure of the hyperon polarization for the entire sample of A
hyperons produced in hydrogen and ca?bon (Fig. 16). There is no
indication of an up-down decay asymmetry.

- Selection of those A particles originating from production stars
with fast prongs should represent A's produced in direct pion-nuclear
interactions, and for this sample we obtain af’l = 0.12+0.21 which

indicates the same lack of up-down decay asymmetry.
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The Fore-Aft Distribution

The decay angular distribution in the A rest frame with respect

29

to the A line of flight has recently been of interest. Observations
of A decays arising from associated production by m -p interactions
near threshold yield a symmetrical fore-aft decay distribution. ‘How-
.ever,. several experiments in which strange particles are produced by
high-energy particles incident on complex nuclei have shown a fore-aft
asymmetry for the observed A decays. 30 These experiments all agree
on the sign of the effect, which is that the proton g'oes preferentially
backward in the A rest frame This experiment yields the same |
result. Figure 17 shows the distribution in the decay angle' (9 )

that the proton makes with.the A line of flight in the decay- rest frame.
In this distribution only those V's positively identified'as /A hyperons
are tabulated. There is a definite backward peaking for all identified
A particles. This distribution is undou:btedly biased by the fact that
slow protons are most easily identified, ‘and therefore those going
backward enrich this sample.

In an attempt to overcome this bias, all events that were
consistent with being A hyperons are plotted in F1g 18. These
include all events where it was impossible to distinguish between
A and 0 particles but not those where the decay was positively
identified as a 6. This curve shows a deflmte asymmetry. The

asymmetry is estimated from

N

— Sk .
P, = 3/N = (cos 6 ) # 23/N = - 0.31%0.12,
=1 +%i

1=

where - ?3 --is the component of hyperon polarization along its direction
of motion averaged over all center-of-mass production angles.

To make this d1str1but10n 5ymmetr1c would require an error
2.5 times the statistical error. A similar curve (Fig. 19) was drawn
for those V' s positively identified as 6 particles. The value of

aP;

3 for this distribution is 0.04#£0.13, showing no evidence for asymmetry.
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If this particular asymmetry for the cornbined distribution is
real,. it implies that the observed sample is longitudinally polarized
along its directidh of motion. "If one assumes the A.hyperon was
produced directly , this implies that parity was not conserved in the
direct production. Presumably =° production is’ contributing to the
observed sample of . A particles. Gatto has shown that if the decay
=0 Y /A conserves parity and the direction of the A relative to the
= © is not observed, then the A .arising from =° decay will exhibit

a polarization dependent on the polarization state of the =°. 31 Gatto

has also shown Lhat A hyperons arising from .= decay can exhibit
a fore-aft asymmetry. This should have a negligible effect-on the
distribution, since so few = hyperons are observed.

A possible explanation is that the combined distribution in
6* is symmetric but that the apparent asymmetry results from a

+
- *
bias in calculating 6 A check on the consistency of the IBM-650

program that yields 9{_ is afforded by Fig. 20 which is a family of
curves of constant decay opening angle as functions of Plz'l?_\L and
P2=P_ » the momentum of the positive and negative prangs,
respectively. . For a particular A decay the measured values of
(P+ ,- P_) define a point on some curve corresp‘ondin“g.to : A-Idec‘:ay
openinf angle. If it falls to the right of the heavy dotted line

{(cos. 6 +

goes backward. Now consider the distribution for the identified A

= 0), the proton goes forward, and if to the left, the proton

‘'sample (Fig. 17). . For this distribution 103 protons go backward and
33 forivs'/ard, By the use of the measured (P+ , P) for thes‘e‘ same
events and of the curves of Fig. 20, the same division of 103 backward
and 33 forward protons is found. Thus the calculation is consistent
with respect to the fore-aft distribution, and one may assume that the
asyrﬁmetry is not due to a calculational bias.

If one assumes that parity is conserved in production, then

aT33=—Q.31 represents a fluctuation greater than 2.5 standard deviations.

Furthermore the above discussions show that it is highly unlikely that
the asymmetry for the combined distribution (Fig. 18) is due to bias.

. Therefore one must conclude that the combined sample is longitudinally
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polarized with the same probability that ‘.(31_:!;1 2) % is not a fluctuation
from an isotropic distribution.

The conclusion is that within-the statistical limits of this
experiment there .is an indication that parity is-not conserved in the

production of ¢the A hyperons.. o ‘ -

The A :Momentum Distribution

The laboratory momentum distribution for all the observed
A° particles is shown in Fig. k0. The solid curve is the observed
distribution. The dotted curve represents the corrected distribution

19

weighted according to Cayther and Butler. The distribution pecaks
around 500 Mev/c which is consistent with the observed backward

peaking in the production center of mass.

Production-Star Prong Distribution

The prong distribution for all production-star types associated
with an identified A is shown in Fig. 21. The average prong

multiplicity is 3.8 and the maximum observed was 10 prongs.

)
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" "APPENDIX

Table of lifetimes. -

Group o T'ebhnique+' No." of events TA X lOlOscc
Berkeley(K-capture) H.B.C. C76° 2.95%0.4
Berkeley(assoc. -prod. ) H.B.GC. 340 3.04£0.35
Columbia H.B.C 454 T ]
Pisa } 2,29"’8.;?
Bologna P.B.C -0.

. : . o 40.45
Columbia C. C 74 2'75—0.38
Jungfraujoch C. C. 40 3.0410.78

: -0.51
Michigan | P.B.C 61 2:08%0-46
-0.31
Massachusetts Institute -~ c.c. 200 2,4%0.2
of Technology ‘
+0.16

Mean 41ifetime . AT 2.,60@0.14

“From Prog. 958 Annual International Conference on High-Energy
Physics at CERN (CERN,. Geneva, 1958), p. 220.

+Abbreviations used are:
H. C. B. hydrogen bubble chamber
P. B. C. . propane bubble chamber
C.C. cloud chamber.'
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