Lawrence Berkeley National Laboratory
Recent Work

Title
THE A-HYPERON MASS AND ENERGY SPECTRUM FROM THE NUCLEAR CAPTURE OP
NEGATIVE K MESONS

Permalink

https://escholarship.org/uc/item/4038v85{

Author
Mason, Conrad ).

Publication Date
1960-07-01

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/4038v85f
https://escholarship.org
http://www.cdlib.org/

ey -

UCRL9297

UNIVERSITY OF
CALIFORNIA

Ernest O [auwrence
"Radiation
Gf,abomwr

THE A-HYPERON MASS AND
ENERGY SPECTRUM FROM THE NUCLEAR
CAPTURE OF NEGATIVE K MESONS

[ )

TWO-WEEK LOAN COPY

This is a Library Circulating Copy
which may be borrowed for two weeks.
For a personal retention copy, call

Tech. Info. Division, Ext. 5545




DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



. UCRL-9297
S - - UC-34 Physics and Mathematics
TID-4500 (15th Ed.)

UNIVERSITY OF CALIFORNIA

Lawrence Radiation Laboratory
Berkeley, California

Contract No. W-7405-eng-48

THE A-HYPERON MASS AND ENERGY SPECTRUM FROM THE
NUCLEAR CAPTURE OF NEGATIVE K MESONS

Conrad J. Mason

(Thesis)

July 7, 1960



- . )
3

b gy i : Nt Rt p
i L2 L e »- 5
S . o it :’-"»". N ,..‘.y'«. 3 oy e - ' N“Z{‘
M ~ o0 o e LR T ',
’ o ' %
E o . " P Py iy
- * N L B . P e I .
Bl W L SRR S
WL R By A e e e
3y T e
Y
E - e
o B LA AT T ey 2 ’::g#-,_ id P
A v o X PN ¢ R PR
;e wd Z0 vy o w e t - v - -, AP
5 oA N T A Toer % * A
o T R

Printed in USA. Price $1.25. Available from the
Office of Technical Services ’

U. S. Department of Commerce
Washington 25, D.C. '



<,

THE A-HYPERON MASS AND ENERGY SPECTRUM FROM THE
NUCLEAR CAPTURE OF NEGATIVE K MESONS

Contents

Abstract e e e e e
Introduction . . . . . . . .
Experirﬁental Arrangement
2B Stack
2D Stack ¢« v e e he e e e e e e e e e
Scanning Procedure, , , , . .
Measurements
Range e e e e e e e e e e e e e
Shrinkage Factor . . . . . . . .
Emulsion Density ., . . .. .
Angiles o e e e

.Calculations

Range e e e e e e e e e

Space Angle . ., . . . . . . . . . . Co.
Mass and Q Value. . . . . . . . . .+ .+ o« « . .
Energy Spectrum |

Acknowledgments |, , , . . .. . . . .

-Appendix

Automated Microscope . . . .

References .

10
13

14
16
17
20

21
23
24
31

. .39

40
48



THE A-HYPERON MASS AND ENERGY SPECTRUM FROM THE
NUCLEAR CAPTURE OF NEGATIVE K MESONS

.Conrad J. Mason

Lawrence Radiation Laboratory
University of California
Berkeley, California

July 7, 1960

ABSTRACT

In two emulsion stacks exposed td K -meson beams, a total of
128 A-like decays in which the secondaries came to rest were found by
area scanning in the region of stopping K mesons. All of these events
were analyzed and 116 proved to be hyperons. The range-measurement
techniques employed were essentially those used by Barkas and co-
workers in determining the range-energy relation for emulsion. The
emulsion densities and.shrinkage factors were precisely determined in
order to obtain reliable results. The A-hyperon mass as obtained from
the analysis of the events in the first stack is 1115.30+0.11 Mev
(29 events); in.the second, it is.1115.46+0.09 Mev (87 events). The
errors include the statistical and systematic errors associated with each
stack. The two mass values.are not inconsistent. The weighted mean
mass is 1115.40+£0.14 Mev, where the total error arises from the
statistical errors of the two determinations and from an 0.12-Mev
error associated with systematic effects, i.e., the error in.the range-
energy relation and the uncertainties in the rest masses of the secondaries.
The corresponding Q value for the decay via the charged mode is
37.56+0.13 Mev. The #-hyperon production spectrum from the capture
of K mesons is presented. A description of a microscope equipped

with automatic coordinate-readout devices is appended.



INTRODUCTION'

The original observations of unstable particléé of traﬁshucleonic
.mass arising from the interaction of cosmic radiation with matter, have
led to many attempts to determine the fundamental ﬁropér'tiés of these
particles. Among the first to be investigated was the ;/zX\'.v;=hyperon, a
neutral particle whose decay into two charged secondaries gives rise to
a characteristic V-shaped event. In 1947, such a decay was first ob-
served in a cloud chamber by Rochester and Butler. : Su‘bsequeht ob-
servations of similar events by others led to the identification of the
secondaries as a proton and a pion. " -

Once the decay mode was established, it became possible to
determine the Q value of the decay and, consequently, -the A—hYperon
fnass, Early cloud chamber experiments to determine the Q value
were hampered by a scarcity of events, since A -hyperons were ob-
‘served only infrequently., The rarity of events, coupled with éystematic
errors inherent in cloud chamber measurements, rendered impossible
a precisé mass determination. Results of these early experiments are
presented in a review article by R, W. Thompson. 2 In an effort to re-
duce the magnitude of systematic errors, Friedlander et al. in 1954
employed nuclear track emulsion exposed to cosmic radiation; on the
basis of ten events, they found the Q value to be 36.92%0.22 Mev, a
result consistent with the cloud chamber measurements. ~

Danysz and Pniewski in 1952 discovered in emulsion a star-
producing fragment from a high-energy cosmic-ray interaction, a
finding which led to the proposal that such'a nuclear "hyperfrégment”
contains a bound hyperon. 4 Of necessity, only a A=hyperon can remain
bound long enough for the fragment to be observable; a Eo'hypéron
decays via .y emission almost immediately into a A-hyperon, whereas
fast reactions producing A-hyperons occur for Zi’hyperons. The
experimental verification of the above hjrpothésis is dependent upon the
measurement of a positive binding energy for the A-hyperon in a

hyperfragment.
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A survey of hyperfragment binding energies presented .at the
1957 Rochester conference by Telegdi, > in which he used the above
emulsion value for the Q value of the A-hyperon decay, 'shwéd
negative binding energies for hyperfragments tentatix}ely identified
.as .eitherAH2 .orAH3. A garouping of these uncertain events with those
definitely identified'asAH -still showed an ﬁover-a_ll.ngt deficit in.binding
energy of approximately 0.12 Mev. . Yet, clea-_rly,AH hyperfragments
did exist. This situation was untenable, and one had either to invalidate
the assumption that a bound hyperon was present or to attribute a
systematic error to the Q-value measurement. Because the remain-
ing hyperfragments did exhibit positive binding energies--which seemed
- to suggest the correctness of the hypothesis, supported also by evidence
from hyp.erfragment decay modes--a remeasurement of the A-hyperon
mass was in order. A cloud chamber Q-value measurement by D' Andlau
et al. of 37.940.4 Mev was also presented .at this conference.

The concurrent development of large accelerators, notably the
Cosmotron and Bevatron, and of beam-separation,techniqﬁes had per-
mitted production of ''copious' quantities of strange particles. At
Berkeley, Barkas et al. had developed an enriched K -meson beam
that was utilized to expose a series of emulsion-..stacks,? . These stacks
contained large numbers of hyperons resulting from K -meson re-
actions with nuclei of the emulsion.  To redeterminé the mass of the
A -hyperon, one stack--the 2B stack--was scanned for A-hyperon de-
cays. Preliminary results of the analysis of these decays were pre-
sented at the Padua-Venice Conference in 1957. 8 On the basis of 18
events, we found the Q value to be 37.45%0.17 Mev, a sufficient in-
crease over the previous emulsion measurement to give theAH3 hyper-

fragments a positive binding energy.



Our result, although in accord with the cloud chamber measure-
ment. by D! Andlau et al., was clearly at variance with the hitherto
accepted Q value. Subseciuént emulsion studies have give'n results
not in disagreement with our preliminary value. Bogdanowicz et al.
.have reported a Q value of 37.58+0.18 Mev on the basis of 53 events. 9
.Also, Brucker et al. have found a value of 37.71%0.16 Mev, as quoted

by Ammar et al. in a recently completed survey of hyperfragment
binding energies.

The final result of our mass determination is presented here.
This study incorporates 92 events found in a second stack--the 2D
stack--exposed to a K -meson beam separated by a coaxial velocity
~spectrometer, 11 2B stack events not included in our preliminary study,
and the previously published data. _ o o

The kinematic analysis of a A-hyperon decay yields not only
a mass value but also the kinetic energy of the hyperon at its decay
_point. Consequently, by applying suitable corrections to the observed
energy spectrum as cohstructed,from such -decays, the energy spectrum
of the A-hyperons at production may be obtained. These corrections--
whose primary purpose is to take into account the geometry of the experi-
meht—»have been applied to the energy spectrum of the A-hyperons
.observed in the 2D stack, and the corrected spectrum is presented.
One can also evaluate the absolute yield of A-hyperons ultimately pro-
duced as a result of K -meson captures by the nuclei of the emulsion
if (a) a sufficient number of events can be included to limit statistical
errors to reasonable values, and (b) reliable data on.scanning
efficiencies and biases are obtained. Because these conditions could
not be met in this experiment, any attempt to determine a meaningful
value for the yield would prove fruitless.

A description of a microscope é-quipped with automatic coordin-

ate-readout devices is appended. This instrument was employed to

facilitate the range measurements.



EXPERIMENTAL ARRANGEMENT

2B Stack

Consisting-l'of. 240 600-micron pellicles of Ilford G.5 nuclear
track einulsion, the 2B stack when assembled was 12 inches long, 9
in. wide, and 6 in. high. It was exposed to a 300-Mev/c separated
K -meson beam. The experimental arrangement of the apparatus
used to develop the beam and the location of the stack at exposure are
illustrated in Fig. 1. The 6.2-Bev proton beam of the Bevatron is
allowed to strike a 1/2 X1X3-1/2-in. copper flip-up target at the 73-deg
‘position near the north tangent tank. Negatively charged secondary
particles in the forward direction relative to the primary beam are
deflected outwards by the magnetic field of the Bevatron. Of these
sec‘ondaries, only those having momenta in the interval 435%20 Mev/c
can pasé through the collimating slit formed by the yoke of the Bevatron
magnet. At the point of exit from the Bevatron structure, the particles
have a central momentum of 427 Mev/c; ‘this difference in momentum is
caused by energy loss in the wall of the vacuum tank. The beam flux
here is of the order of 6X103vparticles per cmz' per 1013 protons on the
target, with a 7 /K~ ratio of 3000/1. After passing through the
quadrupole focusing magnet, the beam traverses a polyethylene de-
grader (nominal thickness 19.4 g/cmz'), which reduces the © momentum
to 394 Mev/c,»- and the K momentum to 300 Mev/c., = The analyzing
magnet in the system serves to separate these two beam components
spatially, .the final separation between the peaks being'approximatelyy
19 in., with the K mesons undergoing a deflection of nearly 180 deg.
At the stack position, the K -meson flux is 50 K?/cmz‘/lols p on the
. target, the ratio of minimum-ionizing tracks to K mesons being
~ 800/1, with a momentum gradient of-1.6 Mev/c/cm along the face

of the stack and a momentum dispersion of *2 %.

©
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Fig. 1. Experimental arrangement of the separated K
beam for the 2B stack exposure.



‘The stack was exposed with the pellicles in.the horizontal plane,
the K mesons incident upon the .12X6-in. face of the stack. . During
~the course of the exposure--for which a total of 7)(1013 protons were
incident on the target--the stack position was altered by successive
elevations, giving it a nearly uniform exposure.‘ The background
components of the K beam, all of which were minimum-ionizing,
consisted of p mesons (arising from Tm-meson.decay between the
target and detector), electrons, and pions, in.a ratio of 8/1/1. It was
‘hoped that the final analyzing magnet would effect a complete separation
of the 7 -meson and K -meson beams; its failure to do so can be
‘attributed to scattering in the shielding, degrader, and Bevatron magnet
structure, as well as to the presence of secondary pion sources. How-
ever, of the twice-minimum tracks entering the stack within 10 deg of
the expected beam direction, approximately 95 % are K mesons. Since
M mesons are weakly interacting particles, their presence inlarge
numbers. did not hinder scanning for A-like events. On the other hand,
the w flux from all sources.produced background that seriously hampered

such. scanning.
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2D Stack

The 2D stack, composed of 108 3X6-in. pellicles, 600 p thick,
of Ilford K.b5 nuclear track emulsion, was exposed to a K -meson beam
separated by a coaxial velocity spectrometer, 11 A schematic diagram
illustrating the experimental arrangement for this exposure is given
in Fig. 2.. The secondary beam was produced and extracted in much
the same manner as for the 2B-stack exposure, with the exception that
a slightly smaller (3~1/2X1/2X1/2-in) copper flip target was used. In
addition, a new beam port was channeled through the magnet structure
in which was placed a 40-in. 1/4-mil polyethylene bag filled with
helium to reduce multiple scattering of the secondary beam over this
portion of its path. The central momentum of the beam at the point
of exit from the Bevatron was 450 Mev/c.

‘A detailed description of the beam optics and apparatus is
given by Hofwitz, et al.,lz who developed the beam. The front face of
the stack was placed 6 in. behind the 1X1/2-in. aperture of collimator
C2, with the pellicles in the vertical plane. The orientation was such
that the K mesons entered parallel to the 6-in. axis of the stack, as
shown in Fig. 3, which also depicts the beam geometry at the stack
position. The front face was shielded from x rays by 1/4-in. Pb, the
remaining faces shielded by Pb, Cd, and paraffin. At the stack location
the ratio of minimum-ionizing tracks to K mesons was 100/1, with
a K flux of approx 20 K"/cmz_/].o13 p on the target. The exposure
time was such that 1.3><1014 protons were incident on the target.
Approximately 85 % of the background consisted of p mesons, and
possibly electrons, the remaining 15% being - ™ mesons. From the
range distribution of the K mesons, one finds the K-meson momentum

at stack entry to be 43010 Mev/c.
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Fig. 2. Experimental arrangement of the separated K
beam for the 2D stack exposure. The stack was
.placed 6 in. behind the aperture of Collimator C2.

-



ke

-12-

Vertical

T e
e°°g

= Horizontal

¢

7.62cm

wg. 7 cm—

(108 pellicles)
Aperture of C-2(|"xL2"). |
| 0&“ | | MU-18587
& .
Fig. 3. Beam geometry at the stack position for the 2D

stack exposure.
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A SCANNING PROCEDURE

In both the 2B and 2D stacks, the events.corresponding to
A-hyperon decays were located by area-scanning the region in which
the K mesons came to rest. The following criteria were established
to aid in.the identification of A-like events:

1. The origin of the event must be ''clean, '"i.e., characterized
by the absence of any grain or grains indicative of an interaction.

2, An increase in grain density of both tracks must be observed
.as each is followed outward from the origin. An exception is a short
dark track, in which it is impossible to detect such a change.

- 3. . The tracks ml’ls:t,haxlre the proper terminal behavior for their
supposed identities, e.g., a track tentatively identified as a pion should
show the characteristic scattering for this particle near the end of its
range as well as an indication of a terminal interaction.

» Scanning a total volume of 160 crn3-in the 2B stack yielded 35 A-like
events which satisfied the above criteria. For the 2D stack, 92 similar
events were found in a scanned volume of 50 é~m3.

.The scanning efficiencies for locating A-like events are markedly

~different for the two stacks. Because of the relatively large amount of
background present in the . 2B stack, the average scanning efficiency is
#15% . On the other hand, for the .2D stack this figure is =41 %. |
Only those A-like events whose secondaries came to rest were
used in the mass determination. Although it is possible to determine
the residual range of a particle that interacts -in flight by means of
grain- or blob-counting techniqués or both, the uncertainty in this
quantity is such as to preclude obtaining precise results when .applied

to a mass determination.

‘W
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. MEASUREMENTS

Range

In order to be utilized as an instrument for precision range
measurements in nuclear track emulsion, a microscope must have
three coordinate axes, each equipped with some form of readout device
to measufe length. The X and Y axes are usually definéd by pre-
cision lead screws which provide for trahslation of the stage in two
directions, the Z axis being defined by the optic axis of the microscope.
The measure of length in.this last direction is the displacement of the
objective necessary to keep a track in focus.as it is being followed.

The range of a particle is measured with respect to the coordinate
system formed by these three axes.

All range measurements were performed on the automated
microscope described in the appendix, except for ranges <1 mm.
Periodicity in microscope lead screws does not permit precise measure-
ment of such short ranges; instead, as a substitute, a calibrated
reticle is employed. Microscopes were equipped with 10X oculars
and 53X oil-immersion objectives for the range measurements.,

. Owing to the multiple scattering of a particle as it traverses
‘a medium, a measurement of its true range cannot be obtained. Instead,
the trajectory must be approximated by a series of straight-line
segments whose end points are selected by a predetermined.convention.
Here, the convention.adopted is that which was used by Barkas et al. 13
to establish the range-energy relation .in’.emulsion, i.e., the three
coordinates of the track are recorded whenever the particle undergoes
a single scattering > 5 deg or when the total scattering accumulated
since the previous measurement is 5 deg. Such'a rectification of the
path of the particle results in a measured range in error by <0.1 % of
the true range, and introduces no error in the determination of particle

energy, this energy being found from the range-energy relation.
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The range of each track was measured independently by two
observers. .The average difference.in the two results is <0.7%.
Because range straggle for tfh_e‘ pion and the prvotc_mvris,olf the order of
3% and 1% respectively, this.degree of precision in the range measure-~

ments was deemed . adequate.
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Shrinkage Factor

When nuclear track emulsion undergoes processing, a .contraction
in the vertical dimension occurs. Naturally one is interested in the
i'ange' of a particle in the unprocessed emulsion. Accordingly, a
correction factor must be introduced which multiples all vertical
dimensions. Further, even.aftevr processing, the thickness of any
pellicle is not cénstant, but depends upon the relative .vhumiditlya The
use of a shrinkage factor makes the necessary corrections for both
these effects.

Prior to processing, a sample of pellicles is taken from the
stack. The thicknesses of these pellicles are measured, either
directly or as a by-product of determining their densities., After .
the processing, the.thicknesses of these pellicles are remeasured at
.a standard reference point; the shrinkage factor for the prevailing
relative humidity is defined as the mean ratio of the unprocessed to
the processed thickness., Concurrently, the thicknesses of the other
pellicles of the stack are determined at the reference point. It is
assumed that the shrinkage factor obtained from the sample applies
to these pellicles also, since the magnitude of the shrinkage is de-
termined primarily by the glycerin concentration of the final alcchol
di'ying bath. For a group of pellicles processed in a single batch, the
shrinkage factor is reasonably constant, enabling one to.obtain the
original thickness of each pellicle.

By~ utilization of the techniques outlined above, the shrinkage
factors for both stacks were determined to £1%.

To allow for the change in shrinkage factor caused by fluctuations
in the relative humidity, the following procedure is adopted: Before
any measurements.are taken in a particular pellicle, its thickness is
determined at the reference point. Comparison of this value with the
original allows an.evaluation of an 'dnstantaneous'® shrinkage factor

to be applied in the subsequent range calculations,
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Emulsion Density

‘Variation of emulsion density occurs primarily because of the
absorption of water \}apor? - Since the stopping power of water is quite .
different from that of dry emulsion, there is a marked dep»en__d_-‘_e,nce of
stopping power upon density. The nonlinear nature of this dependence
is illustrated by Fig. 4, in which the percent range decrease per per-
cent density increase is plotted as a _functv-i‘o_n of particle velocity.

In order that the needed.?ange corrections may be applied, one must
evaluate the emulsion density, preferably in such a manner that the
density measured is that which the emulsion possessed at the time of
exposure. ‘ B . N

. A precise determination of the emulsion density is perhaps
best made by an application of Archimedes® principle :’_cq"succe.;ssive
weighings of emulsion samples in air and in carbon tetrachloride.

For large pellicles, as in the 2B stack, these samples were obtained
by cutting off unimportant portions: of the pellicles. .In the 2D stack,
on the other hand, entire pellicles served as samples. - Weighing the

- entire pellicle seems the more reliable_procedure,_ _since it minimizes
the error introduced by changes in .den,s;‘ity near pellicle edges.

By the above procedure, the emulsion densities.of the two stacks
used in this.experiment were determined to-%0.1%. As the 2B stack
was composed.of several manufacturer 'ssbatches, c_are'wa:s taken to
insure the selection of several ‘lemulsion samples from each batch.
Further, after assembly, the stacks were not.dismantléd urﬁ:il pro-
cessing was initiated, at which time the denéity measurements were
taken. This procedure insures that the me_asur-ed. density at the time
of measurement is the same as the density of the stack at the time of

exposure.  The density measurements.appear in Table I

L3
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Fig. 4. Variation of proton range with emulsion density.

' The percent range decrease per percent densit
increase above the standard density of 3.815 g/cc
is plotted against the velocity (f) of the particle.
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Table I

Measured emulsion densities

Stack Batch densities .Mean density
' (8/cc) (g/cc)
2B 3.8212+0.0010 : 3.8258+0.0046
E -3.8303+0.0015 .
2D | 3.8392%0.0029  i.ieeee... '

Because of the manner in .which-the- 2B stack was assembled,
successive pellicles were not from the same batch. The figure quoted
in the last column of Table I is the mean density as calculated from
those batch densities represented in the central portion of the stack,
the region in which the A-decay secondaries were observed .and
.measured, The error given is the internal standard deviation of the
mean. It-is this mean value which was used in calculating the Z2B-
stack range éorrections_. _

Determining emulsion density in the above manner allows one
to find the volume of the samples used. If, in particular, these samples
are entire pellicles, thei‘r.areas can be measured after processing.
Since they are mounted.on glass, shrinkage in the transverse dimensions
is.negligible. Thus, for each pellicle, the ratio of volume to area
equals ‘its mean‘_unprocesséd thickness, a quantity which can be utilized

in. finding the shrinkage.factof.
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Angles

In order to determine the .space angle between the secondaries
of the A-hyperon decay, one must measure (a) the projection of the
space angle in the horizontal 'plane (normally, the plane of the emulsion),
and (b) the inclinations of the s.econdaries‘with re'spect"td the horizonta_l',’
i.e., the dip angles. _

The projected angle is found with the aid of a hairline reticle
mounted in the focal plane of the microscope ocular, which, 1n turn, is
clamped to a goniometer affixed to.the eye tube. Particulaf attention
was paid to the problem of deterrhining the true trac‘k,di'rectioh.
Erroneous measurements may result from small-angle scatterings
of the secondary near the origin of the event. In lieu of a vrig‘id convention,
the shortest lehgth of track consistent with obtaining a reliable measure-
ment was used, With two independent observations made of‘ each event,
| the projected angle was found to have an uncertainty of +0.2 deg.

The dip angle.of a particular track is obtained by measuring its
vertical displacement after it has traversed a known horizontal distance.
A calibrated reticle in the microscope ocular is used. to establish the
horizontal distance, and the fine-focus screw of the microscope permits
measurement of the vertical diSplacement.. A relatively éhort horizontal
length ( = 20 microns) was used so that all rheasurem_ents could be per-
formed with the track centered in the field of view in order to eliminate
.errors arising from curvature-of-field effects.: Again, caution was
~exercised not to be misled by scattering of the particle near the origin.
In addition, a measure of pellicle thickness at the standard reference
point was taken whenever dip angles were measured in a P‘elliple, be-
cause the 'instantaneous" shrinkage factor must be known in order to
calculate these angles. Two observers measured each event.,:. A
meaningful average error cannot be quoted for these observations,
since the error is a function of the dip angle; . ail the measurements,

however, were in reasonable agreement.
All the above angle measurements were performed on microscopes

' equipped with 10X oculars and 100X oil-immersion objectives.
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CALCULATIONS

The range of a glven partlcle in a smgle pelhcle 1s calculated
in a stra1ghtforward fash1on from the formula v
A 1/2

R.= é{ (%541 - fxi)z * Wiy - Yi')z f[s.(itzierl - 7) %) '

where X5 Yo and z; are the coordinates of a point on the track at which
~the _ith measurement is taken, and " S is the shrinkage factor for the
prevailing relative humidity, i.e., the "instantaneous" ‘shrinkage
factor. If a particle traverses several pellicles, the individual pellicle
' ranges are summed to yield the total range. To facilitate range com-
putations, a pr‘ogram that utilized the oiltput of the automated micro-
scope was written for the IBM 650 data- process1ng machine.

Since the range-energy relation is establislied for emulsion
with the st andard density 3.815 g/cc, corrections must be applied to
-ranges measured in emulsion of aidifferent density. The range
corrections in the 2B stack are of the order of 0.23 % for'the proton
and 0.25% for the pion, and in the 2D stack, 0.49% and 0.54%. These
figures..ar'e‘ based upon Fig. 4 and upon the densities given in Table I.
The energies corresponding to the corrected ranges are obtained from
the fangve—-energy relation for protons in emulsion of standard density.

‘The statistical errors present in the range measut efnents are
(a) measurement error and (b) range‘strag’gle, ‘The measurement
error, evaluated by carrying out two ihdepcﬁden‘c medsurements on
each track, was = % 1/3%, as rmentioned pr‘eviousl.y; In order to
calculate an eéxternal statistic-al error for each event, it was assumed
‘that a constant mieasurement error of =+ 1/2% ap_plied,toall range
measurements. The magnitude of the second’ error, that of range
straggle, is well known for emulsion and has been evaluated by
Barkas et al. 1? for protons as’ a function of ve10c1ty 'For' a 'typical”

A event--i.e., one with a pion range =2, 5 cm and.a proton range
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~ 0.5 cm--the uncertainties introduced by range straggle are 3.2 %

and 1.3% for the pion and proton, respectively. The range-straggle

‘error is compounded with the measurement error té.y}ield the fotal

statistical error, which is used in the external-error calculation.
Various systematic errors are inherent in the range calculations,

primary among these being the errors in. measured emulsion density

‘and in shrinkage factors. The fractional error in range arising from

the uncertainty in emulsion density can be found. by using the relation

28 Dk (Pﬁ) (.A“_PIP_) .
R Ps Pm
where K is the percent range decrease per 'percent density increase,
Pg ‘the standard density, Pm the measured density, and’ Apm the
error in p__. K is of the order of 0.8 for typical secondary ranges
encountered in moderate-energy A decays. Note that the uncertainty
in density, though small, is reflected almost dir'ecfly into a range un-
certainty of the same order of magnitude. |

An uncertainty in the shrinkage factor produce‘s a range error
more difficult to evaluate generally, since the magnitude of the error is
dependent upon the geometry of the track, i.e., ‘the ‘lar‘gér the Z
component of range, the greater this error. On 'th..e_ assumption that
_the error in shrinkage factor was equal to'its,expeﬁrhental error of %l %,
the range error was calculated explicitly for each track, and no general

evaluation was attempted.
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Space Angle

The space angle between t_h.e secondaries of a A—like event can
be evaluated from the measured projected angle and dip angles by

means of the formula
cos ¢ = cos.6_cos §_ (tan §_tan & ,.+>cos ) ,
. p o p T o

where ¢ is the space angle, 60 the projected angle, and _‘épiand 617
the dip angles of the proton and pion, respectively. ‘

Measurement errors and mliltiple scattering of the secondaries
give rise to a statistical error in the space-angle measurement. - As
mentioned previously, the projected.angle was determined to within
0.4 deg. For the purpose of calculating an external statistical error,

a constant erfor of *1/3 deg was applied to all projected angle measure-
ments énd, whén compounded_with the statistical error ari‘s_ing,from the
» multiple scattering of the proton, yielded the total statistical error in
the projecteci angle, pion scattering being negligible. The magnitude
of.the proton ,mulfiple scattering as a function of velocity has been
calculated for emulsion by Barkas and Yoﬁng..lé_ .'

‘Statistical error in the diph angles was assumed to result only
from measurefnent error,. the lattér being large compared with the
error intx;'oduced by s,cé.tter_ing; Ho‘wever, no average _'s,ta,tisti_cal error
can be cited for- the dip-angle measure‘:ments,..bec.ause the magnitude
Qf the errér_ depends upon the dip angle itself, Consequently, for each
dip angle, the stétistieal error was t‘aken to be the mea_s»urement error
as determined from two independent observations. |

With the aid of a program written for the~IBM 650 data-processing
machine., the space angle as well as its statistical error, evaluated
from the total statistical errors in the dip and preojected angles, was
.calculated for each event. .

The space angle's only systematic error has its origin in the
shrinkage-factor error of * 1%, which introduces a systematic error

in the dip-angle measurements.
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MASS AND Q VALUE

The equations relating the mass and Q value of the A;hyperon
in the decay A — p + 7 to the energies of the secondaries and to the

space angle between them can be written

e oy M ‘ | Y /2
My = M, [1 +<—1) {;{1 + 2 (VpYq - /(sz—l) (YT,'Z-I) coswb)}jl
__— o

M
P
Q = MA = (Mp+ MTT) ’
where MA' Mp’ and M-rr are the rest masses of the hyperon, proton

-and pion, respectively, ‘Yp and Y, are the relativistic parameters
for the proton and pion, and ¢ is the space angle.

| By use of the first of the above relations, the mass and its total
statistical error (whicﬁ results from statistical error,'s in range and angle
measurements) were evaluated for each event.

The distribution functions for the range and angle measurements
of a given event are, of course, normal error curves with standard
deviations equal to the measurement errors. If these errors are small,
as they are here, they propagate linearly' and the resulting distribution
vfunction for the mass value must be a no:rmalverror curve. Consequently,
. one can apply standard statistical procedures to calculate the mean
-value and its error.

| The weighted means of the mass values, with the corﬁputed
statistical error of each event used as the weighting factor, were de-

- termined for the two stacks; the results are:

1115.300.11 Mev (29 events),
1115.46£0.08 Mev (87 events).

ZIB stack: MA
2D stack: MA
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The error quoted is the internal standard deviation of the mean. The
mass-value ideogram for the 2B stack is shown in Fig..5 and that
for the 2D stack in Fig. 6. All events for which mass values differed
from the ‘mean by more than 2.5 standard deviations were considered
background events. The 2B and.2ZD stacks contained .six and five
such events respectively, indicated in the ideograms by the shaded
areas. ' ‘ ‘ v.
The internal and external errors were. in .very good agreement
_for the 2B stack. For the 2D stack, the internal error was 0.02
Mev greater than the external error; the discrepancy resulted. from
a broadening of the distribution because ‘of the statistical fluctuation
in the shrinkage factor, an effect not considered in_.'thé -c'yélvc\il'a_t'ion of
the total statistical error associated with each 'eVenf,MTh"e'r'e is a
difference., however, between the 2D stack and the ' 2B ‘stack events;
in the latter the secondaries lie ‘predominan'tlylin the plaﬁe of the
' ‘emulsion, since presence of background hindered the détection of steep -
secondaries. Naturally, these "flat" events are less subject to errors
in'.shrinkage factors; consequently, the abo've'méntidn‘ed.,agreement be -
tween internal and. external errors is to be ,expect'éd if othef‘uh&-etected
sources of error are absent. : - A
Systematic errors for the mean values cited above were évaluated
in the following manner: the uncertainty in thé ‘mass value of'e'a',c':h event
arising from a given systematic érror was calculated explicitly; the
systematic error in the mean value from this.source eciuals the average
of these mass uncertainties. . The systematic' errors ihélﬁde uncertainties
"in (a) the measured emulsion density, (b) the shrinkage factors,
(c) the range-energy relation, and (d) thé rest massds af the pion and
proton. .Table II lists the magnitudes of these errors.and, for each
stack, the resultant mean errors in the mean masses. The mass un-
certainty resulting from the shrinkage—'factor uncertainfy differs for the
two stacks because of the aforementioned difference in the geometries
of the events in the stacks, i.e., 2B events are "flat'' in comparison

with the 2D events, which have.almost all possible orientations.
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Fig. 5. Mass value ideogram for the 2B stack. The mean
' value, indicated by the arrow, is 1115.30 Mev;
‘the statistical error in this result is # 0.11 Mev
(29 events). Shaded areas correspond to background
events. . R :
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Fig. 6. Mass value ideogram for the 2D stack. The mean
value, indicated by the arrow, is 1115.46 Mev;
the statistical error in this result is £ 0.08 Mev

(87 events). Shaded areas correspond to background
events. '
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Table II

- Source and magnitude of systematic error.
and the resulting mean errors in mean mass

S " Uncertainty in Mass(Mev)
Source - Magnitude of Error . ~ 2B Stack . 2D Stack

(a) Emulsion density ~0.1%% $0.02 0.0l

~ (b) Shr‘inkage factors x1.0% ' ¥0.03 - %0.04

" (c) Range-Energy £0.5% U 20.11 " #0.11
Relation ‘ ' S o

(d) Rest Energies
' Proton | #0.01 Mev #0,01 0.0l
Pion £0.06 Mev £0.05  *0.05

2See Table I
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Prior to calculation of a weighted mean mass for the two stacks,
~the systematic and statistical errors in.mass associated with a stack ‘
must be compounded. These systematic errors, which become random
in nature when a number of stacks are involved, are (a) the uncertainty
in the emulsion density, and (b)' the un’EeftaihtY in the shrinkage factors.
Being ndw a combinaﬁion of statistical, density," and shrinkage-factor
errors, the total !''statistical'' uncertainty in the mean mass for the
2B stack remains *0.11 Mev, whiie for the 2D étac{:l% its“}alue be-
comes * 0.09 Mev. With these fotal errors(, a _com_f)érisdn_of the mean
mass values for the two stacks ‘isho‘ws no inconsistenc;r. Ay 2 test
indicates that one would éxpect two measureménts td differ by at least
this amount 289% of thg time. Hence, a weighted’._rne_én“ can be ob-
tained; it is My = 1115.4020.07 Mev, and the Q value derived from
this figure is 37.56%0.07 Mev. (

The systematic errors introduced by uncertainties in the range-
energy relation and the rest masses of the secondaries are combined
with the above errors in the weighted mean mass’ and >Q' v'élue to give

the results (for 116 events):

Mp
Q

Normally, the error in Q value is less than that in mass as a result

1115.40%0.14 Mev,
37.56+0.13 Mev.

.0f smaller contributions from the rest-energy uncertainties of the

secondaries, which are 0.01 Mev for the pion and nil for the proton.
Values for the proton and pion rest masses of 938.213+0.010 Mev

and.139.63+0.06 Mev, respectively, were used. 17

Most of the above computations were performed on the IBM

650 data-processing machine.
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Three additional sources of error and their possible effects
on.the mean mass value must he considered. There are (a) pion in-
elastic scattering, (b) distortion of the emulsion, and (c) inner
‘bremsstrahlung in the decay. ‘

With regard to (a), the maximum en'ergy»los s that a pion could
.sustain without detectably altering a mass value would be approximately
.2 Mev, since an event was considered background if its measured mass
differed from the mean by more than 2.5 standard deviations. The
probabiiity of such an energy loss is very small. An.undetected
scattering, moreover, would have little effect on fhe meah_mas s; in »
fact, an event whose mass value is one standard deviation from the
mean changes the 2B mean value by only 0.02 Mev and the 2D mean
value by only 0.01 Mev. ' “

The effects of emulsion distortion--which are not systematic in
nature--are .negligible, as demonstrated by the agr;eernent of the internal
and external statistical errors for each stack. This result is fo be
expected, since the region scanned for A-like,evente was in the central
portion of each stack, the area most free from distortion. ‘Th.e pions
of only a few 2D events approached the pellicle edges, where dis-
tortion may become severe, but these events did yield mass values
w1th1n exper1menta1 errors. In add1t1on, no large local dlStOI‘thnS
were obs‘erved in the course of area scanning.

' An estimate of the effect of inner 'brer‘nsstrahlung on the mean
mass can be obtained by utlhzmg the semiclassical expressmn for the
bremsstrahlung spectrum applied to the decay pion. 18 As in the case
of inelastic pion scattering, the maximum photon. ener'-gy must be
limited.to 2 Mev; a greater energy would result in the event' s being
class1f1ed as background However, the average photon energy as
calculated from the above spectrum w1th the 1rnposed cutoff of 2 Mev

is only 0.001 Mev--an amount which is completely negligible.
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“ENERGY SPECTRUM
The A-hyperon energy spectrum at production is a superposition
‘of several spectra that arise from the allowed modes of "A’-h'y'peron
production involving K -meson reactions with complex nuclei. The
types of reactions . are:

" (a) direct production with a single bound nucleon, e. g.,
K +N-=A+7 . —_ T T

‘ - (b) 1nd1rect productlon that 1nvolves the format1on of an inter-
‘mediate = hyperon, e.g., K + N - = + followed by
72 + N-> A + N and also by —>A + y for the neutral Z) hyperon,
(c) direct production with two bound nucleons o
The reaction that gives rise to a particular A hyperon
usually cannot be 1dent1f1ed_unamb1guously because of the overlapping
_ of the individual productlon spectra. However, 1f the effects of A-
'.nucleon scatter1ng are ignored, the energy spectrum at productlon can’
be obtained from the observed energy Spectrum by correctmg the latter
for the geometry of the exper1ment In addltlon, the absolute yleld of
v"free” A hyperons--l. e., those not bound in hyperfragments-mthat are
Aultlmately produced as a result of K~ ==rneson reactlons may. be found.
.”The results of an 1nvest1gatlon whose aims were to determme the
productlon spectrum and yleld for a selected sample of events in the

2D stack are presented here. .

' In order to develop an expressmn that relates the productlon
vspectrum and yleld'to the experimentally observed_»quantltles,, one must
make-two assumptions. Firvst-, it is‘ assumed that wsource space--»the
volume in Wthh A- hyperon productlon occurs--is that reg1on in' which
the K~ mesons react. In reahty,l the total source space 1nc1udes not
only th1s reglon but also the reg1on in which the X- hyperon reactlons
take place However, the geometr1es of the two source spaces are nearly

identical, since, of the = hyperons that escape from the parent nuclei,

-~
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the charged hyperons typically travel about 7 mm before interaction,
‘and the neutral hyperons——because of their fast radlatlve transition to
A- hyperons--travel only neghglble d1stances In addltlon, charged=
hyperon reactions contribute 11tt1e to the. A. hyperon flux, ch_a;ged
hyperons are emitted in approx. 18%_of the K~ -1rr1’eson reactions, 19
and of this number, 60% decay. 20 - . a

Second, to simplify the analytic treatment of this problem,
A production from K -meson reactions in flight was ignored. The
angular distribution of the Ai-hyberéns in observation space--a region
much smaller than the total volume scanned for A -hyperons--showed
no marked fore-aft asymmetry with respect to a plane normal to the
beam direction. This neglect of in-flight interactions allows one to
assume that A-hyperons are produced isotropically in reactions within
source space. |

The equation relating the yield and production spectrum to the

. observed energy spectrum and the total number of decays is

_ag(ro) =r/r 1
—— p(x',y',z') e >~ dV'dv =N
4nr ' r
0 ,
vV V! (1)

where ag(ro) is the probability of producing a A-hyperon whose mean

(r

080 (o)

_»decay -1éngth in the laboratory system is f ( where Ty = yﬁczr),
plx',y',z') 1s the dens1ty of K mesons in source space;

= { (x! -X) + (y' »Y) + (2! Z) } 1/2 , the distance between the
volume element dV' in source space‘ and the volume element dV in
observation space; NO is the total number of hyperons found in ob-
servation space; and go(ro) is the observed spectrum. The location
of the origin of the coordinate system to which a point x7',y',z' in
source space and a point X, Y, Z 'in observation space are referred is
arbitrar y. The equation may be written in the _é.‘bo've form,  because

there is no correlation between the hyperon production enérgy and its
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' po1nt of product1on in source space,‘ i.e., the product1on d1str1but10n
functlon of A- hyperons in source space is g1ven by ag(r )p(x';y ,z').

For convemence, let I(X, Y Z ro) dénoté the 1ntegrat10n over source

space, and J(r ) = (X, Y Zz, ro) dV Then,v
| - aglry) = 47 Nogo(r0)~r /J(ro), L@
. so that the y1e1d is given.by
a | g.(r.vo) dlf.o =.4YTrNO. A 8o(rg)~ ro/J~(§.0)}_ drg .. (3)
0

The evaluation of I and 'J proves difficult for any but the |
simplest geometries. In our case, it is found that the density of the

K mesons is well represented by the function

‘ : ' [ 2 n v.'2 1
P = py exp {-% [ (:—) | +(Y;“— ) +<:—>L_] }

xtr y
S - | ‘ o (4)
i. e., the product of three normal d1str1butlons, where the x' ‘axis is
taken along the beam direction, the y axis is the vert1ca1 and the
z' axis is the horizontal; - O 1 = ‘7,2Amm, oy, = 11. 8 mm, ¢ _, = 20.9 mm,
. and Py = 300 Kc’ mesons/cc. The origin of the c:oordruat‘e“s_y_stem is.
taken to be at the center of source space so that- Po ,br_ep.re‘s.e‘n'ts the
density of stars at the origin. 7 } _
, The evaluation of I can be performed by transformatlon to a
~coordinate system. centered at the pomt X, Y, Z Algebra1c operatlons
applied to the integrand, in wh1ch the e,xp11c1t'tunct10n ,of the density
appears, yield - o _ o T
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m
Yo |
I‘(‘X, Y, Z: rO) = Poe .
: 0-0
exp
where _
1
Yo(X» YD Z) = - [ <
2

YI(X’ Y, Z,0,04) =[X sin quos o) + Y sin stin ) + Z cos 6:' ’

0 o o

i 2 . : 2 2
v,(0,4) = = [(w'+<S1n6sln¢> s 0059}],
2 0 g _, 0]
x Y

zl
which, upon integration over r, can be written as

I(X, Y, Z, ro) =

1\? |
2m ™ (y1+-)
Sy , . ) o ‘m. .
pge YO fjexp{l_ __0._} LI A O
00 '

Yy VY, 2 meo (mt)2m+1)
1 2m+l
0 sin0d0dé .
2y v,

| (6)
No analytical evaluation of th‘e.integration over the angles was attempted;
instead, an approximate result was obtained by (a) determining, for

a given Tge the values of the integrand at the point X, Y, Z in the
positive and negative directions of the coordinate axes of the translated
coordinate 5ystem:(b) averaging these, énd (é:) ihtegré.ting the average

value--denoted by G (X, Y, Z, ro)--over the whole solid angle. The error
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introduced by this approximation is approx 11%. "If the maximum
values of X,Y, and Z are limitedto o_,, 0_,, and o _,,

x y z
respectively, then--to #8%--G is independent of X, Y, and .Z for

values of Ty encountered in this experiment, excluding the very small

(r, <1/2 cm) and the very large (r0 >3 ¢m). Consequently, the

0
evaluation of J is easily performed, since I(ro) becomes simply

.—Y o
4mp, e 9‘G<r0); thus -
_ Yo
J(ro) = 47 G(ro) /pO e dv

)
v

= 47 Glr,) |p (X,Y,2)aV
\4

= 47 G(ro_) NK ,

where NK is the number of 'K mesons contained in observation

~ space. Hence

_ N T .
a glry) = (—°> gy (o) — (7)
NK G(ro)
and - ’ , ©O
N0 ' ( r
a = — g r ) dr . (8)
NK 0 0" 0 G(ro) 0 :

The following boundaries were given to observation spaée (the region
systematically searched for A hypéronsv): —dx , £ X O 1>
-0 SY S0, -0-35~dz,\<'Z<+0.802,. o o
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In order to evaluate the absolute y1e1d it 1s ,necessary to de-

termine the efficiencies of those who 'scanned for ﬁ llke events,
Reliable da.ta of this nature are 11m1ted to.a small percentage of the
personnel so engaged and these found alitotal: of;‘_ 1_:7‘A‘4§‘1ype_n‘_l_o'n(s, or
30 % of the total number in observation space_. A yielrd d‘etermination
based on such small numbers would have 1irtle meaning, the minimum
uncertainty being at least * 25%. As a resﬁit, ohlg},a gevom_etricl.
- correction is applied to the observed spectrum. I.

As mentioned above, G(X,Y, Z,r ) is not 1ndependent of X, Y,
and Z for small values of rge Thrs behav1or stems from the divergent

nature of the integrand as r, tends to zero, as is evident from an

inspection of Eq. (6). Howeger, one can show that the geometric
c.errection factor--r»O/G-—approaches unity as Ty _approaches z.ero

as follows: if r, is small, only the local density of K mesons in the
vicinity of the point X,Y,Z becomes important, since exp [:—(r/ro)]

is large only for small values of r. Consequently,

p(x ', y',2') = p(X, Y, 2),

so that
. , =r/r0 . L
I(X,_Y: Z, 1‘0 Fp(X,Y, 2) e * dav! z'41‘rr0p(X, Y, Z).
\ r .
Vl
Thus
J(rqy) = 4mr P(X, Y, Z2) dV = 4mr N
\'
and _ NO )
ag(ro) = — > go(ro) s ) . N (9)
N : v .

K , S
which corresponds to the previous result (see Eq. (7)) if rO/G is set

equal to unity.
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The values of r /G as a function of hyperon energy as well as
‘the observed and corrected spectra appear in Flg 7.
Only those A-like events were analyzed in which t‘.h'efd‘e"(':ay
' secondaries came to rest. Thus, a poésible bias in the ‘observed distri-
bution arises from the effect of 7 interactions in’ flight. The rnagnitude
of the correction factor that compensates for this effect can be estimated
by assuming that the interaction cross section is independent of energy
and equal-’ to the geometric cross section. = Beécause the numbe¥ of-high'—
‘energy hyperons-=those in the interval from 25 Mev to 50 Mev--is
small, the correction to be applied to this portion of the sﬁectrum is
also small (one event) and can be neglecte.d in view of the large ‘statistical
errors in this region. For the remaini'ng" events of lower energy,
Virtually_no correlation exists between the kinetic ener‘g'ie';s of the decay
pion and the A hyperon. If one assumes a n'iean'picn range = 2.1 cm
for these events, a total of three events .should be added to the observed
spectrum, again a small correction. A total of four A-like events
whose decay pions did interact in flight was observed. Pions that escape
from the stack constitute an additional source of bias. Although ob-
servat1on space was centrally located in the stack, where the probability
of escape was small, one such event was _observed. A correction of only
one event has no influence on the observed spectrum within statistical
errors. Finally, one must consider the effect of_scanning efficiencies
that depend upon the momenta of the A hyperons. No reliable data are
available to correct for such. an effect, if indeed it exists.
A similar determination of the A-hyperon production spectrum
has been performed by Bogdanowicz et al., who used Monte Carlo
techniques to calculate for the1r observed spectrum &:correction factot.

which is - only pairtially gepmetnc in nature.
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- Fig. 7. Energy spectrum of A hyperons. The unshaded
histogram corresponds to the corrected spectrum,
the shaded histogram to the observed spectrum.

The geometric correction factor, shown in the inset,
is plotted as a function of hyperon energy.
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APPENDIX

Automated Microscope

The m1croscope has long been the basic tool for research that

employs nuclear emulsion techmques. Successive ref1nements in
mechanical design have .produced instruments noteworthy for their
precision. However, to make fu11‘ use of their capabiiities has always
meant the dev0t1on of much time to the routine task of 'dial-reading, "

W1th the development of devices that ascertaln and express
electrlcally the angular position of a shaft, measurements performed
on a microscope now can be carried out qulckly, yet wu:h a precision
comparable to that obtainable from a standard research microscope.
Known as analog-to-digital converters ("digitizers';), 'these devices
transform shaft position into a discrete c.emb.inatioh‘of on-off switches
by means of a coded-disk and wiper-arm assembly,. A‘microscope
equipped with these converters and the associated electronic equipment
form: a complete system for the aut_omati'c readout of the X, Y, and Z
coordinates of any point in the "working volume" of the instrument.
The output of this system may be channeled into various devices for
data presentation', but preferably should employ ohe'that can introduce
information into a computer. ' o

A system of this form has been in almost vcontinuous use for two
Years. As expected, an over-all reduction in time spent upon taking
measurements is effected; typically, range measurements on particles
that traverse several pellicles are performed at a rate five times as
fast as when employing manual techniques—=withodt loss of precision.
Simultaneously, the elimination of "dial.-reading“ error increases the
reliability of the measurements. Also, the acquis_iti_oh of the data in
a form suitable for processing by high—s.peed computers has proved

advantageous for the problem of data reduction.
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‘The microscope in use--pictured in Figs. 8 and 9--has been
specifically designed to solve the problem of scanning large emulsion
pellicles. =~ A large stage allows for the adequate support of these
pellicleé in almost any orientation. Lead screws w1th travels of 10 cm
on both the X and Y axes allow coverage of a wide area, ellmlnatlng
mgch of the need for plate relocatlon. A novel feature of the de51gn,

: suggested by Dr. Harry H. Heckman, is the split yoke used to support
a standard binocular head. A 13—‘in. clearance between the objective
and the iroke at the stage level is achieved without sacrifi‘cing structural
rigidity. This assembly proves mere rigid than the ordinary microscope,
which has a very limited throat capacity. Further, this design allows
the inclusion of a suitable illuminating source without the prohlems
that arise from the need for thermal 1solat1on of the light source and,

" most 1mportant from the necessity of obta1n1ng a good image.

Of the analog to- digital converters attached .to the three
mechamcal axes of th1s microscope, those on the X and Y screws
yield 1000 counts per revolution for 100 revolutions. As a result,
with the millimeter-per-reveolution piteh of the sc‘rev{rs on these movements,
the least distance measurable is 1 micron anywhere in an interval of
10 cm. The Z axis is equipped with a thousand-count-per-revolution
uhit which is limited to one revolution. Using a 10-to-1 reduction be-
tween the dlSk and the f1ne focus screw, one can measure vertical
distances of 1 V3 anywhere in an 1nterva1 of 1 mm. _

The associated electronic equipment perforrns a varlety of
functions, as illustrated schematically in Fig.10. First, because the
output of the digitizers is in binary fofm, it must be converted to
decimal form before card-i)unching, thisl conversion beihg performed
by a translator. The three disks are reed »sequ_entially into the translator,

whose output is fed into a card punch via a punch-control chassis,
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ZN-2441

Fig. 8. Side view of automated microscope. The encoder
assemblies are mounted at the rear of the instrument.
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ZN-2442

Fig. 9.' Rear view of the automated microscope, showing
the split yoke and location of the illuminator.
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Fig. 10. Information flow diagram. The paths of the
indicative information and of the coordinate
information are represented by the dotted and solid
lines, respectively.
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Second, because punched cards form the raw data, it is desir-
able to punch indicative information on each card to identify it. Thus,
in addition to the three coordinates associated with a particular point,
the following information appears: (a) event number, (b) prong
number, (c) pellicle number, (d) microscope number, and
{e) card number (entered automatically). The entry of this information
on the cards is accomplished elecfronically by an indicative-information
control panel, shown in Fig. 11.

Third, in any system of this sort, a provision for correcting
errors in measurement is essential. Suitable computer programming
can detect the presence of an error-~identification punch and negate
the effect of the error. Circuitry providing for the insertion of such
a punch is included. . _

Fourth, provision has been made for expansion of the system
to accommodate a greater number of microscopes, while still using
only one translator, one punch-control chassis, and one card punch.
Suitable interloecking_circuitry can be incorporated in.a microscope-
switching chassis to prevent the simultaneous entry of data from
different microscopes. Each additional microscope will require for
information entry. only the three digitizers, the indicative-information
control panel, and a disk-switching chassis. The system was designed
in this manner because with an automated microscope more time
would be spent in the operations of track=follov§ing than in data recording
(in marked contrast to manual readout methods). If limited to a single
.microscope, the circuitry and card punch would stand idle most of
the time, but by having several microscopes work into a punch and
"common'' electronics. a more efficient duty cycle is obtained.

The bulk of the circuitry is reduced by the use of transistors
andprinted-circuit boards, both of which also serve to reduce
maintenance problems. Relatively "'fast'' circuitry is employed to
keep readout time to a minimum.As a result, the time required to
punch the indicative information and the three cocordinates is 4 seconds,

the maximum speed of the card punch.
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Fig. 11. Indicative information control panel, showing
the arrangement of the rotary switches used to
enter the indicative information. The control
switches are on the lower right.
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Considerable attention was paid to the problem of providing a
system easily used by scanning personnel. In actual practice, one
need pe'rform only two operations. when measuring an event (after
initially settlng the rotary switches on the 1nd1cat1ve 1nformat10n con-
trol panel): (a) depressmg the 'record'" button when a:measurement. is
taken, and (b) resetting the pellicle- nU.mber switches as a particle
traverses successive. pellicles There is no need to 51gn1fy the end
of an event or attend to the card numbermg,l nor 1s ‘there any necessity
to operate the mlcroscope any differently from the ordlnary research -
mlcroscope. For convemence the "record" and ”error" switches
located on the 1nd1cat1ve information control panel are duplicated in
functlon by similar switches in a small box 51tuated near the
mlcroscope, .a foot switch is also provided whlch_-‘:serves as an

alternative ''record' switch.
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this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.





