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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 

July7, 1960 

ABSTRACT 

In two emulsion stacks exposed to 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 Ul5.30±0.ll 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 mas.s 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 rnasses of the secondaries. 

The corresponding Q value for the decay via the charged mode is 

37 .56±0.13 Mev. The A.,.hyperon production spectrum· from the capture 

of K- mesons is presented. A description of a microscope equipped 

with automatic coordinate-readout devices is appended. 
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INTRODUCTION 

The original observations of unstable particles of transnucleonic 

mass arising from the interaction of cosmic radiation with matter, have 

led to many attempts to determine the fundamental properti~s of these 

particles. Among the first to be investigated was the A.-hyperon, a 

neutral particle whose decay into two charged secondaries gives rise to 

a characteristic V- shaped event. In 194 7, such a decay was first ob-
. 1 

served in a .cloud- chamber by Rochester and Butler. Subsequent ob-

servations of similar events by others led to the identification of the 

s.econdaries as a proton and .a pion. 

Once the decay mode was established, it became po'ssible to 

determine the Q value of the decay and, consequently,·. the A-hyperon 

mass. 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 systematic 

errors inherent in cloud chamber.measurements, rendered impossible 

a precise mass determination. Results of these early experiments are 
2 

presented in a review article by R. W. Thompson. In an effort to re-

duce the magnitude of systematic e~rors, 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. 
3 

Danysz and Pniewski in 1952 discovered in e!Jlulsion a star

producing fragment from a high-energy cosmic-ray interaction, a 

finding which led to the proposal that such a nuclear "hyper fragment" 

contains a bound hyperon. 
4 

Of necessity, only a A-hyperon can remain 
0 .. 

bound long enough for the fragment to be observable; a 2: hyperon 

decays via y emission almost immediately into a A-hyperon, whereas 
±-

fast reactions producing A-hyperons occur for 2: hyperons. The 

experimental verification of the above hypothesis is dependent upon the 

measurement of a positive binding energy for the A-hyperon in a 

hyper fragment. 
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A survey of hyperfragment binding energies presented at the 

1957 Rochester conference by, Telegdi, 
5 

in which he used lhe above 

emulsion value for the Q value of the A-hyperon decay, showed 

negative binding energies for hyper fragments tentatively identified 

as either .AH
2 

or AH
3

. A grouping of these uncertain events .with those 

de-finitely identified as A H
3

, still showed an over-a,ll net deficit in .binding 

energy of approximately 0.12 Mev. Yet, clearly,A B
3 

hyperfragm:ents 

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 meas.urement, Because the remain-

ing hyperfragments did exhibit positive binding energies--which seemed 

to suggest the correctness of the hypothesis, supported qlso by evidence 

from hyperfragment decay modes--a remeasurement of the A-hype.ron 

mass was in order. A cloud chamber Q-value measurement by D 1 Andlau 

et al. of 37. 9±0.4 Mev was also presented .at this conference. 
6 

The concurrent development of large accelerators, notably the 

Cosmotron and Bevatron, and of beam-separation techniques had per

mitted production of "copious n quantities of strange particles .. At 

Berkeley, Barkas .et al. had developed an.enriched K- -meson beam 

that was utilized to expose a series of e.mulsion.stacks._7 These stacks 

contained large numbers of hyperons resulting from K- -meson re

actions with nuclei of the emulsion. To redetermine 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-

·s.ented at the Padua-Venic.e 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 measuremeht to give theA H
3 

hyper

fragments a positive binding energy. 

.V 
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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. Subsequent emulsion studies have given results 

not in disagreement with our preliminary value. Bogdanowicz-: e.t al. 

. have reported a .Q value of 37 .58±0.18 Mev on the basis of 53 e:vents. 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 

b . d' . 10 1n 1ng energ1es. 

The final result of our mass determination is presented here. 

Thi.s 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 ZB stack events not included in our preliminary study, 

and the previously published data. 

The kinematic analysis of a A-hyperon decay yields not only 

a mass value but also the kinetic energy of the hyperon at it~ decay 

point. Cons.equently,. by applying suitable corrections to the observed 

energy spectrum as constructed 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

ment--have been applied to the energy spectrum of the A-hyperons 

. observed in the ZD stack, and the corre.cted spectrum is presented. 

One c;;tn 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 b~ included t.o limit statistical 

errors to reasonable values, and (b) reliable data on scan.ning 

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 micros,cope equipped with automatic coordin

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

facilitate the range measurements. 

\ 
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EXPERIMENTAL ARRANGEM~NT 

2B Stack 

Consisting of 240 600-micron pellicles of Ilford G.5 nuclear 

track e.mulsion, the 2B stack when assembled was 12 inches long, 9 

in. wide, and 6 in. high. It was exposed to a 300-Mevlc 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 112 XlX3-ll2-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 

secondaries, only. those having momen~a in the interval 435±20 Mevlc 

can pass 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 Mevlc; this difference in momentum is 

caused by energy loss in the wall of the vacuum tank. . The beam flux 
3 . 2 13 

here is of the order of 6Xl0 partlcles per em· per 10 protons on the 

target,· with a n- IK- ratio of 3000IL After passing through the 

quadrupole focusing magnet, the beam traverses a polyethylene de

grader (nominalthickness 19.4 glcm
2

), which reduces the 'lT- momentum 

to 394 Mevlc, ··and the K- momentum to 300 Mevlc. The analyzing 

magnet in the system serves to separate these two beam components 

spatially, the final separation between the peaks being approximate!~ 

. 19 in., with the K- mesons undergoing a deflection of nearly 180 deg. 

At the stack position, the K- -meson flux is 50 K"" I em 
2 I lO 

13 
p on the 

target, the ratio of minimum-ionizing tracks to K mesons being 

~ 80011, with a momentum gradient of·l.6 Mev/clem along the face 

of the stack and a momentum dispersion of ±2 o/o. 
Jl 
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Fig. 1. Experimental arrangement of the separated K
beam for the 2B stack exposure. 
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The stack was exposed with.the pellicles in .the .horizontal plane, 

the K mesons incident uponthe 12X6-in. face of the stack. During 

the course of the exposure~-for which a total of 7Xlo
13 

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 j.! mesons (arising fr.om 1T~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 eJfect a.complete separation 

of the 1T- -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 o/o are K- mes.ons. Since 

j.! mesons are weakly interacting particles, their presence in -large 

numbers did not hinder scanning for A~like events. On the other hand, 

the 1T flux from all sources produced background that seriously hampered 

such scanning. 

,II 
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2D Stack 

The 2D stack, composed of 108 3X6-in. pellicles, 600 fJ. thick, 

of Ilford K.S 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,.-,J/2Xl/2Xl/2-irr) 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 Horwitz, et a1.,
12 

who developed the beam. The front _face of 

the stack was placed 6 in. behind the lXl/2-in. aperture of collimator 

CZ, 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/l, with 
-; 2/ 13 a K flux of approx 20 K em _ 10 p on the target. J'he exposure 

14 
time was such that 1.3X10 protons were incident on the target. 

Approximately 85 o/o of the background consisted of f.!. mesons, and 

possibly electrons, the remaining 15o/o being 1T mesons. From the 

range distribution of the K mesons, one finds the K-meson momentum 

at stack entry to be 430±10 Mev/c. 
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20 " >O 

MUB-183-A 

Fig. 2. Experimental arrangement~£ the sep~rated K
beam for the 2D stack exposure. The stack .was 

.placed 6 in. behind the aperture of Collimator C2. 
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Vertical 

'--------Aperture of C-2 (l"x f'l · 
MU-15597 

Fig. 3. Beam geometry at the stack position for the 2D 
stack exposure. 
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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 re-st. 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 must.have the proper terminal behavior for their 

supposed identities, e. g.,. a track tentatively identified as a pion should 

show the characteristic s.cattering for this particle near the end of its 

range as well as an indication of a terminal interaction. 

- Scanning a total volume of 160 cm3in the 2B stack yielded 35 A ... like 

events which s·atisfied the above criteria. For the 2D stack, 92 similar 

events were found in a scanned volume of 50 ·em 3 . 

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

_different for the two stacks. Because of the re.latively large amount of 

background present in the 2B stack, the average scanning efficiency is 

:::::15 o/o. On the other hand, for the 2D stack this figure is :::::41 o/o. 
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 techniques or both, the uncertainty in this 

quantity is such as to preclude obtaining precise results when applied 

.to a mass determination. 
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MEASUREMENTS 

Range 

In order to be utilized as· an instrument for precision range 

measurements in nuclear track emulsion, a microscope i:nust have 

three coordinate axes, each equipped ·with some form of readout device 

to measure length. The X and Y axes are usually defined by pre

cision lead screws which provide for translation 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 lOX 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 o/o 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 

obs.ervers. The average d.ifference in the two results is .<0. 7%. 

Because range straggle for the pion and the proton is. of the order of 

3% and 1 o/o respectively, this .d.egree of precision in the r~nge l'l?-easure

ments was deemed.adequate. 
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Slfrinkage Factor 

When nuclear track emulsion undergoes processing, a contraction 

in the vertical dimension occurs. Naturally one is interested in the 

range of a particle in the unprocessed emulsion. Accordingly, a 

correction factor must be introduced which multiples all vertical 

dimensions. Further, even after processing, the thiCkness of any 

pellicle is not c6nstant, but depends upon the relative humidity. 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 thickness.es 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 thickness.es of the other 

pellicles of the stack are determined at the reference point. It is 

assumed that the shrinkag~ 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 alcohol 

drying 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 o/o. 
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 "ci.nstantaneous n shrinkage factor 

to be applied in the subsequent range calculations. 



-17-

Emulsion Density 

·Variation of emulsion density o<:curs :primq.rily because of the 

absorption of water vapor .. Since the stopping powe~ of water _is quite 

different from that of dry emulsion, there is a mar.ked dependence of 
. . . . . . ' .. ·. 

stopping power upor,t density. Th~ nonlinear _nature of this dependence 

is illustrated by Fig. 4,_ in which the percE;nt range decrease p~r per-
. ' . 13 

cent density increase is plotted as a function of particle velocity. 

In order that the needed range 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 . 

. A precise determination of the emulsion density is perhaps 

best made by an application of Archimedes 8 principl~ to_ successive 

weighings of emulsion samples in air and in. carbon tetr(3.,chloride. 

For large pellicles, as inthe ZB stack, these samples were obtained 

by cutting off unimportant porti'ons; of t~e 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 der1~·ity near pellicle ~dges. 

By the above procedure~ the emulsion .densities of the two stacks 

used in this. experiment were determined to ±O.l o/o. As. the 21? . stack 

was composed of several manufacturet :'s;batches., care. was taken to 

insure the selection of several :~emulsion samples from eac;:h batch. 

Further, after assembly, the stacks were not dismantled until pro

cessing was initiated, at which time the density measurem,ents were 

taken. This procedure insures that the measured. 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. 

,;; 
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Fig. 4. Variation of proton range with emulsion density. 
The percent range decrease per percent density 
increase above the standard density of 3.815 gjcc 
is plotted against the velocity (13) of the particle. 
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Table I 

Measured .emulsion densities 

Stack Batch densities Mean density 
(g/ cc) (g/cc) 

2B 3. 8 21 2 ±0. 0 0 10 3. 8258±0. 0046 

- 3.8303±0.0015 

2D 3.8392-±0.0029 0 • 0 0· 0 Cl • 0 0 

Becaus.e 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 s.econdaries were obs.erved and 

measured. The error given is the internal standard deviation _of the 

mean. It is this mean value which was used in calculating the 2B

stack range corrections. 

Determining. emulsion density in the above manner allows one 

to find the volume of the samples us;ed. If, in particular. these samples 

are entire pellicles, their _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 yolume to area 

equals its mean unprocessed thickness, a quantity which can be utilized 

in finding the shrinkage. factor. 

-. 

t 
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An,gl.es 

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 secondaries with respect to the horizontal, 

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, in turn, is 

clamped to a goniometer affixed to the eye tube. Particular attention 

was paid to the problemof determining the true track direction. 

Erroneous measurements may result from small-angle scatterings 

of the secondary near the origin of the event. ln lieu of a rigid convention, 

the shortest length of track consistent with obtaining ,a r~liable measure

ment was used.. With two independent observations made of each event, 

the projected angle was found to have an uncertainty of ±0. 2 de g. 

The dip angle .of a particular track ~s 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 short horizontal 

length ( :::: 20 microns) was used so that all measurements 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 pell~cle, be

cause the "instantaneous" shrinkage facto~. must be known in order to 

calculate the~e angles. Two observers measured each event. A 

meaningful average error cannot be quoted for these observations, 
,· ' I 

since the error is a function of the dip angle; all the measurements, 

however, were in reasonable ag;reemen~. 
All the above angle measurements were performed on microscopes 

equipped with lOX ocuiars and IOOX oil-immersion objectives. 
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CALCULATIONS 

Range 
/::~ 

The range of a given particle in a .single pellicle is calculated 
. ·, . ·, ' . : . . . . ~ : . . . ' ·' . 

in a straightforward fashion from the formula 

where x., y., arid z. are the coordinates of a point on the track at which 
1 1 1 

the ith measurement is taken, and· S is the shrinkage factor for the 

prevailing relative humi~ity, i.e. , the "instantane~us '' shrfnkage 

factor. If a particle traverses several pellicles, the ind:i:vidual pellicle 

ranges are summed to yield the total range. To facilitate ·rarige com

putations, a program that utilized the output o£ the automated micro

scope was written for the IBM 650 data.:.pr~cessing machine. 

Since the range-energy relati'on is established 'for emulsion 

with the standard density 3.815 g/cc, corrections must be applied to 

range·s measured in emulsion of a~.different density. The range 

corrections in the 2B stack are of the order of 0. 23 o/o' for' the proton 

and 0. 25% for the pion, an'd in the 2D stack, o·.49% and 0.54o/o. These 

figures are based upon Fig. 4 and upon the densities given in Table I. 

The energies corresponding to the corrected ranges are obtained from 

the range-energy relation for protons in emulsion of standar'd de~sity. 14 

The statistical errors present in the range measurements are 

(a) measurement error and (b) range straggle. The measurement 

error, evaluated by carrying out two independent :measure~ents on 

each track, was :::::: ± 1/3%, as rn~ntioned previously. in o·rder to 

calculate an external statistical error for each event, it was assumed 

that a constant measurement error of ± 1/2% applied to all r'ange 

measurements. The magnitude of the secor:id'error, that of r'ange 

straggle, is well known for emulsion and has beeri.evaluated by 

Barkas et al. 
15 

for protons as· a function of 1Ielocity. For a ''typical" 

A event- -i. e. , one with a pion range ::::: Z:. 5 em and. a 'proton range 
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~ 0. 5 em- -the uncertainties i-ntroduced by range straggle are 3. 2 o/o 

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

error is compounded with the measurement error to yield the total 

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 

.D.R p .D.p 
--= K ( m) (~) 

R ps Pm 

where K is the percent range decrease per percent density increase, 

p the standard density, p the measured density, and .D.p the 
s m m 

error in p . K is of the order of 0.8 for typical secondary ranges 
m 

encountered in moderate-energy A decays. Note that the uncertainty 

in density, though small, is reflected almost directly into a range un

certainty of the same order of magnitude. 

An uncertainty in the shrinkage factor produces 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 larger the Z 

component of range, the greater this error. On the assumption that 

the error in shrinkage factor was equal to its experimental error of ±1 o/o, 

the range error was calculated explicitly for each track, and no general 

evaluation was attempted . 



-23-

Space Angle 

The. space angle beh;Veen the secondaries of a A-like ev.ent can 

be evaluated from the measured projected angle and dip angles by 

means of the formula 

cos .<j> = cos ,0 cos 6 (tan 6 tan o'IT :t cos 8) '. 
p 'IT p . 

where <j> is the space angle, e the projected angle, and 0' and 6 
p 'IT 

the dip angles of the proton and pion, respectively. 

Measurement errors and multiple 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 c-alculating an external st<:).tistical error, 

a constant error of ±1/3 deg was applied to all projected a!lgle measure

ments and, when compounded with the statistical error arising from the 

multiple scattering of the proton, yielded the total statistical .~rror in 

the projected angle, pion scattering being negligible. The magnitude 

of the proton .multiple scattering as a function of velocity. has been 
.. 16 ' 

calc.ulated for emulsion by Barkas and Young .. 

Statistical error in the dip angles was assumed to result only 

from measurement errqr, the latter being large compared with the 

error introduced by s.cattering. However, no average :sta,tistical error 

can be cited for the dip-angl~ measurements, because the magnitude 

~f the error depends upon the dip angle itself. Consequently, for each 

dip angle, the statistical error was taken to be the measurement error 

as determined from two ·independent observations. 

With the aid of a program written for the,..JBM 650 data-processing 

machine., tlie space angle as well as its statistical error, evaluated 

from the total statistical errors in the dip and projected angles, was 

calculated for each event. 

The space angle 1 s only systematic error has its origin in the 

shrinkage-factor error of ± lo/o, 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 + n to the energies of the secondaries and to the 

space angle between them can. be written 

=M 
p 

Q = MA - (M + M ) ' 
.lil. p iT 

where MA' Mp' and MiT are the rest masses of th~ hyperon, proton 

:and pion, respectively, y and y are the relativistic parameters 
p iT . 

for the proton and pion, and <j> is the space angle. 

By use of the first of the a hove relations, the mass and its total 

statistical error (which results from statistical errors in range and angle 

measurements) w..ere evaluated for each event. 

The distribution functions for the range and angle meas.urements 

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 

function for the mass value must be a normal error 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 computed 

statistical error of each event used as the weighting factor, were de

termined for the two stacks; the results are: 

2B stack: MA = 1115.30±0.11 Mev (29 events), 

2.D stack: MA = 1115.46±0.08 Mev (87 events}. 
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The error quoted is the internal standaJ?d deviation of the mean. The 

mas s.-value ideogram for the 2B stack is shown in Fig. 5 and that 

for the 2D stack in Fig. 6. Ali events for which mass· values differed 

from the mean by ·more than 2.5 standard deviations were considered 

background events. The 2B and 2D stacks contained six arid fi~e 

such events re-spectively, indicated in the ideograms by the shaded 

areas. 

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 the calculation of 

the total statistical error associated-with each event. There is a 

difference, however, between the 2D stack and.the 2B 'stack events; 

in the latter the secondaries lie predominantly in the plane of the 

emulsion, since presence of background hi~dered the detectio~ of steep . 

secondaries. Naturally, these "flat" events are less Subjec't to errors 

in shrinkage factors; consequently, the above mentioned agreement be

tween internal and external errors is to be expected if other' und.~tected 

sources of error are absertt. 

Systematic errors for the mean values cited above were evaluated 

in the following manner: the uncertainty in the mass vc:ilue of each event 

arising from a given systematic .error was calCulated explicitly; the 

systematic error in the mean value from this source equals the average 

of these mass uncertainties .. The systematic errors include uncertainties 

in (a) the measured emulsion density, (b) the shrinkage factors, 

(c) the range-energy_ relation, and (d) the rest :inasE>e:s:; ffifCthe pl.on and 

proton. Table II lists the magnitudes of these errors and, for each 

stack, the resultant mean errors in the meari masses. The mass un

certainty resulting from the shrinkage-factor uncertainty 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 11 in comparison 

with the 2D events, which have .almost aU possible orientations. 

'"' 
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Unit area: m 

Mass (Mev) 

MU-20890 

Fig~ 5. Mass value ideogram for the ·zB stack. The mean 
value, indicated by the arrow, i's 1115.30 Mev; 
'the statistical error in this result is' ± 0.11 Mev 
(2.9 events). Shaded areas correspbnd to background 
events. 
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Unit area:~ 

Mass (Mev) 

MU-20891 

Fig. 6. Mass value ideogram for the ZD 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 

Uncertainty in Mass (Mev) 
Source Magnitude of Error . 2B Stack 2D Stack 

(a) Emulsion dens:lty 
. a 

-±0.1%<: ±0.02 ±0.01 

(b) Shrinkage factors ±l.O% ±0.03 ±0.04 

(c) Range-Energy ±0.5% ±0~11 ±0.11 

Relation 

(d) Rest Energies 

Proton ±0.01 Mev ±0.01 ±0.01 

Pion ±0.06 Mev ±0.05 ±0.05 
•' 

aSee Table I 
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Prior to calculation of a weighted mean mass for the two stacks, 

th~ systematic and statistic:al 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;~ertainty in the shrinkage factors. 

Being now a combination of statistical, density,· and shrinkage-factor 

errors, the total "statistical" uncertainty in the mean mass for the 

2B stack remains ± 0.11 Mev, while for the 2D stack its value be

comes ± 0.09 Mev. With these total errors, a comparison of the mean 
2 

mass values for the two stacks ,shows no inconsistency. Ax test 

ind,icates that one would expect two measurements to differ by at least 

this amount 28% of the .time. Hence, a weighted mean can be ob

tained; it is MA = 1115.40±0.07 Mev, and the Q valu~ 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' value to give 

the results (for 116 events): 

= 1115.40±0.14 Mev, 

= 37.56±0.13 Mev~~ 

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

. of 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.l39.63±0.06 Mev, respectively, were used. 
17 

Most of the above computations were performed on the IBM 

650 data-processing machine. 



-30-

Three additional sources of error and their possible effects 

on the mean mass value must be considered. There are (a) pion in

elastic scattering, (b) distortion of th~ emulsion, and (c) inner 

bremsstrahlung in the decay. 

With regard to (a), the maximum energy loss 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 devia.ti.on-$. The 

probability of such an energy loss is very small. An undetected 

scattering, moreover, would have little effect on the mean mass; 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 ag~E:rement of the internal 

and external statistical errors for each stack. This result is to be 

expected, since the region scanned for A-like events was in the central 

portion of each stack, the area most free from distortion. The pions 

of only a few 2D events approached the pellicle edges, where dis

tortion may become severe, but these events did yield mass values 

within experimental errors. In addition, no large local distortions 

were obs'erved in the course of area scanning. 

An estimate of the effect of inner bremsstrahlung on the mean 

mass can be obtained by utilizing the semiclassical expression for the 

b hl 10 d h d 0 18 A 0 h re.ms stra ung spectrum app 1e to t e ecay p1on. s 1n t e case 

of inelastic pion scattering, the maximum photon energy must be 

limited to 2 Mev; a greater energy would result in the event 1 s being 

classified as background. However, the average photon energy as 

calculated from the above spectrum with the imposed 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 prod~cti6il-{s a superposition 

'of several spe.ctra that arise from the allowed modes· of- A-hyperon 
. . . 

production involving K- -meson reactions with complex midei. The 

types of reactions are: 

(a) direct production with a single bound .nucleon, e. g. ' 

. K- + N -..A + 'If; --> 

(b) indirect product~on that involves the formation .of an :inter-

mediate ~ hyperon, e. g. , K- + N _...,. ~ + TI, followed by 
. ) . -

~ + N-. A + N and also by ~-A + y for .the neutral ~ hyperon; 

(c) direct production with two bound nuc~eons. 
: ·. 

The reaction that gives rise to a particular A hyperon 

usually cannot be id~ntified unambiguously pecause of the oyerlapping 

of the individual production spectra. However, if the effects of A

nucleon scattering are ignored, the energy spectrum at_ production .can·:_,_ 

be obtained from the observed energy spectrum by correcting the latter 
. • ' • :. •· • ', I • 

for the geometry of the experiment. In additi~n, the abs.olute yield of 
'.: . 

"free" A hype:tons--i. e., those z:ot bound in hyperfragments--that are 

ultimately produced as a re~ult of K- -meson reactions may be found. 

The results of an investigation whose aims were to determine the 
. . . . ~ . . 

production spectr~m and yield for a selected sample of events in the 

2D stack are presented here. 

In order to develop an expression that relates the production 

spectrum and yieldto the experimentally observedquantities, one must 

make two assumptions. First, it is assumed that source space--the 
. .. i. . 

volume in which A-hyperon production occ":lrs-- is. that .region in' which 

the K- mesons react. In reality, the total s.ource space includes not 
. . . 

only this. region but also the r,egion in which the_ ~-];lyp~ro? reactions 

take place. However, the geometries of the two source spaces are nearly ... 

identical, since, of the ~ hyperons that escape -irom 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 radiative transition to 

A-hyperons--travel only negligible distances. In addition, charged

hype.ron reactions contribute little to the A-hyperon flux; cha!ged 

hyperons are emitted in approx. 18 o/o of the K- -meson reactions, 19 

and of this number, 60o/o decay. 20 . , 

Second, to simplify the analytic treatment of this problem, 

A. production from K- -meson reactions in flight was ignored. The 

angular distribution of the A-hyperons 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 

Jfp (x', y', z') 

v v• 

l 
-2-
r 

(1} 

where ag(r 
0

} is the probability of producing a A-hyperon whose mean 

decay length in the laboratory system is r 
0 

( where r 
0 

= 'Yf3cv); 

p(x 1 , y 1 , z 1 } is the density of K mesons in source space; 
' { ' 2 ( , 2 , 2} l/2 . ' .. r = (x·~ -X} + y·_- Y} + (z _- Z} , the d1stance between the 

volume element dV1 in source space and the volume element dV in 

observation space; N 0 is the total number of hyperons found in ob

servation space; and g
0 

(r 
0

} is the observed spectrum~ The location 

of the origin of the coordinate system to which a point x~1 , y 1 , z 1 in 

source space and a point X, Y, Z in observatlon space' are referred is 

arbitrary. The equation may be written in the above form,· because 

there is no correlation between the hyperon production energy and its 
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. •· 
>·;,_::· . ..... .;:·.:::.·:-

. point of production :l.n' sourc'e -~pace, i. e. '.the p'rod~'ct:ion distiibution 
' . : ' ~ ' . . . . . . . . . ·- . : I . ' • ,. , 

function of A-hyperons in s?urce space is gl.ven'by ag(r o)p(x 1 ; y 1 ' z I). 

For convenience,· let I(X, Y, Z, r 
0

) denote the integration over source 

space, and. J(r ol ~ 1 !(X, y. z, r ol dV. Then, - . -' 

ag(r
0

) = 47r N
0

g
0
.(r

0
)•r0/J(r

0
);: 

so that the yield is given by 

The evaluation of I and 'J proves difficult for any but the 

simplest geometries. Irt our case, it is found that the density_ of the 

K- mesons is .well represented by the function 

P = Po exp { 
--1 

··2 

( 2) 

(3) 

(4) 

i.e. , the product of thr~e normal distributions, where .the x'' axis is 

taken along the beam ~irection, the . y~ axis_ is the vertical, and the 

z 1 axis is the horizontal; a 1 = 7.2 mm, a 1 = 11.8 m~, (J 1 = 20.9 mm, 
· X . . · y , ,·. · Z 

. and p
0 

= 300 K- mesons/cc. The origin of the coordina~e.system is. 

taken ~o be at the center of so~rce space s~ that p
0

. repre.sents the 

density of. stars at the origin. . , 

The evaluation of I can be performed by trans.formation to a 
. ' . . ' . ;· .. 

coordinate sy~tem_ centered .at the point X, Y_, Z~ . Algeb.raic operations 
~ . . ' . . . -- . . . . . . - . 

applied to the i_ntegrand, in which the e~plici~. ~unction of the .. _density 

appears, yield 



where 

'Yl (X, Y, Z, 8, <j>) 

1 

2 

~34~ 

= [X sin 8 cos <j> 

ax, 

+ y sin e sin <I> 

ay, 

(5) 

whic·h, upon integration over r, can be written as 

~-vo 
p e 

0 

I(X, Y, Z, ro) = 

( ~1 )2 
y +-

1 r'o, } _!_ 

Y2 .rY;. 
- f (-l)m 

m=O (m 1.)(2m+l) 

2m+l 

}sinBcl:Bd$. 

(6) 

No analytical evaluation of the integration over the angles was attempted; 

instead, an approximate res;ult was obtained by (a) determining, for 

a given r
0

, the values of the integrand at the point X, Y, Z in the 

positive and negative directions of the coordinate axes of the translated 

c.oordinate system, (b) averaging these, and (c) integrating the average 

value--denoted by G (X, Y, Z, r
0
)--over the whole solid angle. The error 
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introduced by this approximation is approx 11 o/o. ···If the ma:x:imum 

values of X, Y, and Z are limited to a 1 , a 1 , and a 1 , 
X y Z 

respectively, then- -to ±8 o/o-- G is independent of X, Y, and Z for 

values of r 
0 

encountered in this experiment, excluding the very small 

(r 
0 

< 1/2 em) and the very large (r 
0 

:> 3 em). Consequently, the 

evaluation of J is easily performed, since I(r 
0

) becomes simply 

-y 
4np

0 
e ~ G(r 

0
); thus .. 

/Po 
-y 

J(r 0) = 4n G(r 
0

) e 0 dV 
./ 

v 

= 4n G(r 
0

) Jp (X, Y, Z) dV 

v 

= 4n G(r 0) N K , 

where NK is the number of K mesons contained in observation 

space. Hence 

and 

. a = dr
0 

. 

(7) 

(8) 

The following boundaries were given to obse-rvation space (the region 
. ' . . . 

systematically searched for A hyperons): -(J I ~X ~ (J I' 
.X X 

(J 1 ~ y ~ (J 1 1 -0,35 a 1..:S Z ~ + 0.8 (J I, y y z z 
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In order to evaluate the absolute yield it is,n~cessary to de

termine the efficiencies of those who scai;med for A~like events, . 

Reliable data of this nature are limited to a small p~rcentage of the 
' . '· .·' 

personnel so engaged and these found altotaL 0L· J,7 A .!J.ypea-.ons, or 

30% of the total number in observation space .. A yield determination 

based on such small numbers would have little meaning, the .~inimum 

uncertainty being at least ± 25%. As a result, only a geometric 

correction is applied to the observed spectrum. 

As mentioned above, G(X, Y '. Z, r 
0

) is not independent ofX, Y, 

and Z for small values of r 
0

• This behavior stems from the diver gent 

nature of the integrand as r 
0 

tends to zero, as is evident from an 

inspection of Eq. (6). Howeve.r, one can show that the geometric 

c.orrection factor- -r
0

/ G- -approaches unity as r 
0 

approaches zero 

as follows: if r 
0 

is small, only the local density of K mesons in the 

vicinity of the point X, Y, Z becomes important, since exp [ -(r/r
0

)] 

is large only for small values of r. Consequently, 

so that 

Thus 

and 

P (X I ' Y' ' z I ) :::::: P ( x Y ·z) ' ' ' 

I(X, Y, Z, r
0 
~ p(X, Y, Z) f. -r/r 

VI 

0 • ..!:.2 dV' ::::'4rrr
0

p(X, Y, Z). 
r 

J(r0 ) "4nr0 j(X, Y, Z) dV "4nr0 NK 

v 

ag(rO):::: (NO). gO(rO)' 
NK 

(9) 

which corresponds to the previous result (see Eq. (7) ) if r /G is set 
0 

equal to unity. 
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The values of r 
0
/9 as a function of hyperon energy as well as 

the observed and corrected spectra appear in :Fig. 7'. · 

Only those A-like events we;e analyzed in which the' decay 

secondaries came to rest. Thus, a possible bias in the obserVed distri-
·.' 

bution arises from the effect of n- interactions in· fl1ght: The magnitude 

of the correction factor that compensates for this 'effect can be estimated 

by assuming that the interaction cross section is in:deperident of energy 

and equal to the geometric cross section, Because the number of high-
' 

·energy hyperons--those in the interval from 25 Mev to 50 Mev--is 

small, the correction to be applied to this portion cif the spectrum is 

also sm.all (one event) and can be neglected in ·view of the large statistical 

e·rrors in this region. For the remaining events of lower energy, 

virtually no correlation exists between the kinetic energie's of t'he decay 

pion and the A hyperon~ If one assumes a mean pion range ·~ 2:1 em 

for these events, a total of three events should be added to the observed 

spect~um, again a small correction, A total' cif 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

servation 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 Gario 

techniques to calculate for their observed spectrum a:~,correction. factor~· 

which is· o_nly p.a:.r.Ltially .ge:ometfic in nature, 
21 

: /• 
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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 microscope has long been the basic tool for research that 

employs, nuclear emulsion techniques. Successive refinements in 

mechanical design have produced instruments noteworthy for their 

precision. However, to make full use of their capabilities has always 
I 

meant the devotion of much time to the routine task of "dial~reading, " 

With the development of devices that ascertain and express 

electrically the angular position of a shaft,. measurements performed 

on a microscope now can be carried out quickly, yet with a precision 

comparable to that obtainable from a standard research microscope. 

Known as analog-to-digital converters ("digitizers"), these deyices 

transform shaft position into a discrete combination 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 automatic readout of the X, Y, and Z 

coordinates of any point in the "working volume 11 of the instrument. 
22 

The output of this system may be channeled into various devices for 

data presentation, but preferably should employ one that can introduce 

information into a computer. 

A system of this form has been in almost continuous 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- -without loss of precision. 

Simultaneously, the elimination of "dial-reading" error increases the 

reliability of the measurements. Also, the acquisition of the data in 

a form suitable for processing by high-speed computers has proved 

advantageous for the problem of data reduction. 
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·The microscope in us.e--pictured in Figs. 8 and ,9--has been 

specifically designed to solve the problem of scanning large emulsion 
23 

pellicles. · A large stage allows for the adequate support of these 

pellicles in almost any orientation. Lead screws with travels of 10 em 

9n both the X and Y axes allow coverage of a wide area, eliminating 
' . 

much of the need for plate relocation. A novel feature of the design, 

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 yoke at the stage level is achieved without sacrificing structural 

rigidity. This assembly proves more rigid than the ordinary microscope, 

which has a very limited throat capacity. Further, ;his design allows 

the inclusion of a suitable illuminating source without the problems 

that arise from the need for thermal isolation of the light source and, 

most irrip_ortant, from the necessity of obtaining a good image. 

Of the analog-to-digital converters attached to the three 

mechanical axes of this microscope, those on the X and Y screws 

-y:ield 1000 counts per revolution for 100 revolutions. As a _result, 

with the millimeter-per-revolution pitch of the screws on these movements, 

the least distance measurable is 1 micron anywhere in an interval of 

10 em. The Z axis is equipped with a thousand-count-per-revolution 

unit, which is limited to one revolution. Using a 1 0-to-1 reduction be

tween the disk and the fine-focus screw, one can measure vertical 

distances of 1 fl. anywhere in an interval of 1 mm. 

The associated electronic equipment performs a variety of 

functions, as illustrated schematically in Fig.lO. First, because the 

output of the digitizers is in binary form, it must be converted to 

decimal form before card-punching, this conversion being performed 

by a translator. The three disks are read sequentially into the translator, 

whose output is fed into a card punch via a punch-control chassis. 
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Fig. 8. Side view of automated microscope. The encoder 
assemblies are mounted at the rear of the instrument. 

ZN-2441 
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Fig. 9. ' Rear view of the automated microscope, showing 
the split yoke and location of the illuminator . 

ZN-2442 
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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 electronically 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 interlocking_ 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-following 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 11 electronics. a more efficient duty cycle is obtained. 

The bulk of the circuitry l.s reduced by the use of transistors 

and printed-circuit boards, both of which also serve to reduce 

maintenance problems. Relatively "fast 11 circuitry is employed to 

keep readout time to a minimum.As a result, the time required to 

punch the indicative inform.ation and the three coordinates 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 perform only two operations. when.!lleas"l!-r~n,g f!:P. event (after 

initially setting, the rotary switches_ ory. the indicativ~-information con

trol panel): (a) de pre~ sing the i'ireco~d"\ button when a: measurement is 

taken, and (b) resetting the ·pellicle-number switches as a particle 

trave:r:-ses succe;ssive pellicles. There is no need to signify the end 

of an event or attend to the card riurnberin:g{ nor i~\~there any necessity 
';· . ". . 

to operate the microscope any differently from the ordinary research 

microscope. For convenience, the "record" and 11'error" switches 

located bn the indicative-information control pa:nel are duplicated in 

function by similar switches in a small box situated near the 

microscope; a foot switch is also p·rovided which'serv~s as an 

alternative "record" switch. 
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mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behalf of the 
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mission, or employee of such contractor, to the extent that 
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to, any information pursuant to his employment or contract 
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