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ABSTRACT
“the performance of thé Spiral Reader rﬁe‘asuring machiné
is discussed_and the device is c’ompai'ed with other  machines that | " ) @
measure bubble chamber film. The methods used to filter out tzb'acksv

from the measured data are described.
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I. INTRODUGTION

I was asked to talk to you today about the Spiral Reader meas-
uring machine, and to _infc‘)‘rm ybu about its capabilities and its progress,
so as to aid those of you who are trying to decide upon future plans for
bu’bblg-chamber ané.lysis at your institution. The analysis of bubble-
chamber film is geﬁerally divided into at leaét three steps: first, the
scanning of the film--locating and reco‘rdingv the events of interest; sec-
ond, the measuring of the events-;accurately measuring a few points in
two or three views for each frack of the event; and last, a highly com-
puterized aha.lysis of these measurements,. In niost experiments, the
measurement stage has been tiue botflenéck; thaﬁ is, this stage has
limited the number of events procéssed, and therefore is the costliest
~ stage in processing an event, Undersfandably, there has long been a
motivation to automate the measuring process,

. ;'Converitional" measuring machines, which are digitized pro-
jection microscopes (called Franckenstein‘é at Berkeley), measure from
3 to 15 events per hour, depending upon many factors such as the degree
§f éutoma.tion and upon the type of event being measured. A number of
devices have been or are being deQeIOped which can increase this speed.

With each of these devices the operator does less of the work and a
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soﬁhisticated computer program does more, Devélopment of the Spiral
Reader, the first of these devices, was started back in 1958, though only
.in;th'é.la'.st two'years it bas becomé a suécessful measuring machine, It
has been n&easurir;g at the rate of about 100. e.i.rents/}l1 and has measured
more than 350 000 events this yéar. : Aﬁothef measuring device, also
developed at the Lawrence Radiation Laboratory at Bei*keley under thé'
direct_ion of Professor Luis Alvarez, is the SMP (scanniﬁg-measuring
projector), now being use_d at ma'n'y‘labora,torie.s.' Though the SMP has
provéd to be a useful meé.suring device, its measuring speéds are not
comparablg with thbs»e of the Spiral Reé.der;lethe Lawrence Radiation
Laboratory has released all of its SMP's a,‘1l'1d is building more Spiral
Readers, Other measuring machines that ‘may be capable of high-speed
measurement are the Flying-Spot Digitizer (FSD), sometimes called the
Huff-Powell Device (HPD), vc)hich has; been built af a number of labora-
tories, and PEPR, about which you will hear more today from Irwin
Pless. These devic.es- have one basic‘ thing in common, in contrast to
the Spiral Reader. Whereas the Spiral Reader is designed specifically -
to measure bubble-chamber film, thé other measur.in.g 'machine’s are
more general purpose devices, They can 'bé used to scan or measure
other things and in particular, they provide-fg_he inforfnation with whiéh
one §oﬁ1d automatically scan bubble -charnbe’xl" film.

The dgvelopmen’f of automa;tic scaﬁhing is an intriguing problem
which, I''m s.ure,' will be solved some day, But s_ince _people.are exceed -
ingly good at identifying complex patterns in a short time, I don't é:ﬁpect
anyone to develop Ian automatic scanning system that will compete eco-

nomically with a human scanner in the next few years, If one is

i-
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interested in these devices as tools in analyzing bubble -chamber film in
the next few years, I believe that they should be compared only as meas-

uring devices.

II. DESCRIPTION OF THE SPIRAL READER

The operator of the Spiral Reader sits at a table as shown in
Figs,1 and 2. He looks at a projected image of the event on the table
(Fig. 3) and a magnified image on a TV screen (Fig. 4). His essential
task is to ce‘nter the vertéx of the event on tine CrOosSs -hAair on the TV
screen and press a button, seéting in mqtion a process that digitizes the
event in about 3 sec. Many operations é.fe done"'automatical‘ly.under the
control of a smali computer --a PDP-4 that can be seen in Fig, 1.._ ‘The
six fiducials {two in each view)} are measured éutqmatically. The views
are changed automatically and the stage is moved automatically to posi-
tion the film at the approximate location where the scanner recorded the
vertex, this information having been read into the PDP-4 on magnetic
ta?e. The fillm is éutdmatically advanced from frame to frame so that
on a routine event all the operator needs to do is to center the vertex.

In the measurement process, an optical-rriechanical system
in effect moves a narrow, radially oriented slit so that its center follows
a spiral pattern as shown in Fig. 5. A point is digitized at every dark
spot on the film that cuts out more than about 20 percent of the light
passing through the slit. Since the slit is about 10 bubble-diameters long,
single bubbles are‘ never digitized but tracks that radiate out from the
vertex are almost always digitized. This procedure provides a prelim-

inary filtering of the data in which about 500 to 1000 points are digitized
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in each view, far less than one gets from less -specialized machines.

The accuracy of the measurements made with the Spiral
Reader is comparable with the accuracy of Franckenstein measurements
of the same length of track, The length of measured track is limited in
two Ways on the Spiral Reader, First, because the slit is radial, a |
track is not digitized after it has turned through from 20 to 40 deg of ar;v.
This impdsgs a negligible limitation on ‘the accuracy of momentﬁm de-
termination. Second, the present Spiral Reader measures only 40 cm
of track. and for high-mofnentum tracks on a large charr;ber, this signi-
ficantly limits the px;ecision of momentum determination. The second
Spiral Reader, which is, almost completed, will measure up to 80 cm"of. .
track.  As is the case for all machines that measure in fhe image plane,‘ )
the Spiral .Reader has optical distortions that rﬁust be corrected for.tv
This calibration is especially important for the Spiral Reader, because
"~ it has two systems of measurément that need to>be iq:tei'cg.librated.

- . _ '8

Whereas most points on the tracks are measured in :.po'la.r-coordinate
system that measures the slit posit‘ion at )Athe timé to digitization, the
vertex position, the fiducials, and the end points of sitopping—tré.cks are
measured with an X-Y stage. Mosf distortions are understood, and |
those not yet understood are con'iparablei in magnitude with the distor-
tions in the 72-in. bubbie chamber, Since the distortidns are quite re-
peatable, we expect to do a better job of cofrecting for them in the near

future.

III. FILTERING
Often, when I describe the Spiral Reader system and I arrive

at this point in the description, my listener thinks he understands the
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sysfem, except perhaps. for a few programming details, This attitude
exemplifies the gross underestimation that is often made of the magni -
‘tude of the task of filtering the raw data--the job of extracting, fl:'orn
some 1000 poiﬁts in ea.»ch.view', those po'inté that are on tracks and then
matching up these tracks. The development of such a program is not a
sfraightforward task but requires cor_xs.iderabl.e experimentation and many
corﬁprqmises in an effort to perform operations with a.logical code that
. a human would perform on  a rather subjective vbasis_
| Everyone.who has developed such programs has adopted apro-
cedure 6f first using a program that relies on some human guidance,
with the intenfion of reducing this guidance as the program becomes
more éophisticated. . Inthe cé.sé of the Spiral Reader this guidance took

the form of measuring a point (a so-called "crutch point'') at the end of

each track. This crutch point served to make filtering easier and to pro-vv

vide information with which to match tifle track images in the different
views. About 18 months ago we got away from this fnethod and now we
rneaisulre crutch points on only about 10 to 20 percent of the tracks--.thos'e
that.are short, sﬁoPping, or obscured in some way. Sothe Spiral Reader

program " POOH" (as in "Winhie the POOH") operates on a '"'minimum-

guidance' system: it is told only the position of the vertex and the num-

ber of tracks to be found. |
In some other systems (such as the HPD), guidance has taken

the form of predigitization on specially built machines. Such a process is

time-consuming, and in some cases comparable in speed with conventional

Franckenstein measuring speeds., As long as a system uses such pre-

digitizing methods, the speed of the final measuring device is almost

s
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irrelevant. Not until a s"ystem.ca'n eliminate such a predigitization mode
can it compete with the Spiral Reader in efficient use of measuring per- = «
sonnel, This does not mean that minimum guidance is needed for effi-
cient operation, Indeed, the Spiral Reader deveIOpment is moving toward
more guidance rather thanvléss. A system hé.s been developéd for meai.s-
uring crutch points rapidlf during the 3-sec dead time during which the
" data are being digitized. . |
Figure 6 shows a four-prong event that was measured on the
Spiral. Rvea.der.‘ . Note the potential problems that the program may have
in filtering this event. Will tfxé program have trouble with t;he short
track? Will it discriminate against the nearby dark track that does not
beloﬁg with the event? Will the '"coat haﬁger" thaf goes aiong the X-axié
'through‘, the vertex Be called # track? | Wiil the three forward-going t_racks
be distinguished? Figﬁre 7 shows the points that the Spiral Reader dig-
itized for this event in é.n R - 6 coordinate system, with the radius R
" plotted on the ordinate and t'hé azimuth 0 plotted along the ébscissa.
The zero for € is to the left (wh_at}.;vould normally be called 6 = 180°)
" and 6 increases in the clock-wis_e direction. In this coordinate system,
'tzfacks through the vertex appear as straight lines whosekx-int_ervcept is a
measure of the initial direction §f the _track:and whdse slope is a measure
of the tracK's curvature; the amountvof "hpok" at the bbttom of the plot ~e
measures the distance th_e.tra.ck camé frc;m the vvertex, or more pre-
cisely, the distance from the position where the operator centered the
stage, In Fig. 7, one-can-easily ;identif‘y’:':th‘e‘ ‘béarn track, the short
track, and the group of outgoing tracks., The cross at the end of the

" skort track indicates a crutch point that was measured by the operator,
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Without this crutch point POOH would not have féund the short tra;k be -
cause POOH requires at least seven points on a track. Such a require-
ment is necessaryvto avoid finding a flood of spurious tracks. The
nearby dark track shows up on Fig, 7 as two very curved sets of points,
The program has no trouble in discriminating é.gainst these points; they
deviate far too much from a straight line to be called a good track, One
can appreciate that the precise measurement of the vertex position is
essential to this method of filtering, O_ften, however, such unwanted
tracks are not discriminated against and POOH finds spurious tracks,
In this picture the ''coat-hanger" was found as a spurious track. Indeed,
in some experiments with a-high density of tracks, an average éf more
"than one spurious track per view is found. - Most of these spuriéu_s tracks
are of poor quaiity and could be eliminé.téd by using stricter accéptance
criteria for tracks, DBut in this business, one must be aware of the fact
‘that a four-prong, for example, has 15 tfack images to be found, and
missing any one of them will cause the event to fail, So if the program
misses 5 percent of the tracks, it fails more than one-half of the events,
One cannot afford to apply ‘}ersr strict criteria, In order to.veliminate

spurious tracks, POOH uses a MATCH routine that has the job of not only

matching those track images that are correct, but of eliminating the wrong

ones. This is an approach that Ibélieve any minimum-guidance system
-will have to adopt. ;It is hopeless to expect to eliminate spurious tracks
adequately on the basis of the informbation available in one view alone,
There is a large class of spurious-track images that are best eliminated
by relying upon inter-view cofrelations rather than by appl'yiﬁg strict ac-

ceptance criteria in one view,

i
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Most of the difficult filtering problems arise from iﬁterferences
between tracks, either interferences With extraneous tracks such as nearby
beam tracks, or between two tracks in the same event., The group of
forward-going tracks in this evZnt presents such a problem. Figure 8 is
a display of this region that is magnified in the 8 direction by a factor of
4 and left at the same magnification in R In this figure the points found
by POOH to be on tracks are intensified, In this case, one can see that
POCH succeeded in untangling the three tracks, Sqmetimes, however,
it doesn't do so well, Figure 9 shows a display of the same tracks ih a
different view, In this case only two of’the tracks were found. POOH
finds tracks by lool;ing first near the origin and then tracking out. If two
tracks are not distinguishable for the first one-fifth of the way (8 cm),
POOH will not find them without help. Technicaliy, this failure we ‘call
an operator failure, because the operators are instr'ucted to put crutch
points on the ends of both tracks if they are coincident for such a long
distance. But, clearly the information is there--a trained person can
. see the three tracks easily. A more sophisticated filter program could
find all of the tracks, and we are continually making POOH more sophis-
ticated and more reliable, In fhe past year, failure rates in POOH have,
in most experiments, decreased by a factor of 2 or 3, so that on good
film the failure rate in POOH on two prongs is about 3 percent and on
f;)ur prongs is about 8 percent, When tracks are faint or when the beam
track density is great, the failﬁ;e rate may be much l_a.rger than this,

One more feature of the Spiral Reader deserves mention,
When the Spiral Reader digitizes a point, it records not onlythe radius

and azimuth of the point, but also its pulse height, This pulse height is a
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fairly reliable measure of the fraction of the light cut out by the track

and is useful ionization information. By averaging the pulse-height values
for the first 8 cm of track one gets a number that gives about 6 standard
deviations of discrimination between a minimum-ionizing track and a black
one. Such information is almost essential for some large experiments
that are made possible with the Spiral Reader, I have measurements of
more than 100 000 K p two-prongs, about half of which are kinematically
ambiguous. The Spiral Reader ionization measurements make it un-
necessary to go back to the scanning table to look at these 50 000 ambig-

uous events.

IV.. CONCLUSION

One Spiral Reader is in operation. In a couple of months the
second one is due to go into operation at Berkeley., Construction of
another has been started at SLAC. CERN intends to build one, and a num-
ber of other laboratories are seriously considering building them. I am
told that it costs $200 000 to build a Spiral Reader, including the PDP-4
computer. This cost is small compared with the operating budget of a
laboratory that can process the 1 or 2 thousand events per day that the
Spiral Reader can measure, and in the long run the accumulated operaﬁing
costs of any of these machines are far greater than the initial investment.
At present, the operating costs of scanning and measuring with the Spiral
Reader at Berkeley amount to about 30 cents per event. The cost is about
equally divided between scanning, measuring, and filtering on the CDC
6600, If the filtering were done on an IBM 7094, the filtering cost would

be about 2 1/2 times greater, and the cost per event would be about 45



-10- UCR1,-17328

cents, which is still better than the approximately $1 per event that
measuring on the Franckensteins costs,

At present the Spiral Reader is the only fast measuring machine
in production that does not require time-consuming predigitization. In
the next few years other machines will join the Spiral Reader in this cate-
gory. I would be the last one to count out other systems because they
are not yet performing adequately, for I well remember the time only
2 1/2 years ago when the Spiral Reader was held in such low esteem that
those people who made surverys of the field of semi-automatic measuring
machines neglected even to mention the Spiral Reader, I see no reason
why PEPR, for example, cannot eventually be at least as good a machine
as the Spiral Reader, and if PEPR were put on-line to a fast-enough com-
puter, it could ultimately be faster than the Spiral Reader. However, for
making economical measurements of bubble-chamber film, I expect that

nothing will surpass the Spiral Reader in the next 5 years.

Work done under auspices of the U, S. Atomic Energy Commission,
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FIGURE CAPTIONS

Fig, 1. Layout of the Spiral Reader.

Fig. 2. Table at which the operator sits.

Pig. 3. Projected image of a bubble-chamber event as seen on the
table by the operator. The circle corresponds to an 8-cm radius
in the bubble chamber,

Fig, 4. Magnified image of the vertex as seen by the operator.

Fig. b Spiral pattern swept out by the slit of the Spiral Reader.

Fig. 6. Four -prong event,

Fig., 7. R - O plot of the data that was digitized for the four-prong
in Fig. 6.

Fig, 8, Magnified plot of the left-hand fourth of Fig. 7 with the points
found to be on tracks intensified.

Fig. 9 Plot of the same type as Fig. 8 for a different view of the same

event,
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A.

Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
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.
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