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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.
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STATUS OF THE IRL FLYING SPOT DIGITIZER

.The Berkeley Flying Spo_t Digitizer (FSD) includes a Hough-Powell
device of the kind first proposed at the 1960 Instrumentation Conference.l
Implementation of such a device at Berkeley began in 1961, and we reported
the measurement of our first event to the Instrumentation Conference in
1962.°

Other Hough;Powell devices have been operated at CERN and Brookhaven,

and. now a new wave of hardware fabrication has made many such devices almost

‘ready to begin physics operations. The groups at Bologna and Paris have
measured and reconstructed events, and others are already digitizing film.

Our measurement of events for actual physics use begin in 1963. In these

three years of operatioh, we have measured more than 300,000 distinct events
which have been included in Qarious reported physics experiments. Qur exper-
jence in physics production has extended over three chambers; the Berkeley 72"
and 25" Hydrogen Bubble Chambers and the Brookhaven 80" Hydrogen Bﬁbble Chamber.
In some of the experiments, the chamber has been £illed with deuterium. The
beam mamenta nave ranged from 300 MeV/c up to 6 BeV/c.

The FSD at Berkeleyvhas 50 far been operated in the HAZE mode. In this

- mode, manual scanhing finds wanted events and identifies them for subsequent.

“automatic measurement under computer control. The functions which the scanner

performs are: (a) preselection of those frames which contain events of'intefest,
(v) identification of the event type, (c) association of appropriate mass codes

with each of the tracks, and/identification of the tracks in each of the three

views. Once this scanning information has been recorded on ‘tape, computer con-

trol of the measurement process is fully automatic..



Recent performance with film from the Berkeley 72" HBC has been : "
about as good as we expect to achieve, without having major improvements Y
to the chamber illuminafion and optical systemé. let me therefore give g
some of the rates assgciated'with recent experience ﬁéing this chamber.

‘This experiénce comes from two experiments: a h.BeV/c n+p.exposure, and
a6 BeV/c PP exposure. Only four prong events are 5éing scanned in the
ﬂ+ experiment, aﬁd about one event is found in ﬁhree.frames. Two-; four-,
vsix—prong and strange particle eveﬁts are being scanﬁed in/the p p experi-
ment; and about one event is found per picture. Thefe are perhaps 12 beam
tracksvper piéture in each experiment.

The scanheré'find and makelroads for about 15 e?ents per hour of actual
scan table operation. Howevef,lwe found that the scanners pace themselves
50 that only about.3/h of'the,time in which they are nominally using the
table is actual used for scanning. Once roéds.have been made, the FSD
measures under computer control at the rate of 125 event measurements per
hour. Begause~the computer is,directly online;vwe can evaluate the'quality
of measurement, and if an appérentlyvrandom fqi;ure has oécured in the measufer
ment, theiprogram can immediately request a rééeated measurement. This happens -
in a small percent of the total viéws measured, s0 that a net rate of about
110 events er hour is achievéd. |

Our recent experience for all data has produced a.compietibn ratio averag- » ;
ing about 85%. This. means thét 85% of the events found by the scanners have .
beeﬁ successfully completed by the spatial recdﬁstrudtion program at the
conclusion of their first FSDYmeasurément run. This ratio is not greatly
different from that which one:obtains With Frahckenstein measurements. However

exam;nation'of individual scanner completion ratios éhows that some scanners
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" do very much better than others while some, of courde, do worse. We have

measured some rolls in which 97% of the events_found by scanners were

successfully completed. The current average for the 6 BeV experiment is

-avove 90%.

‘We have studied the pérformancé of an exﬁeriment which typifies recent
72" HBC performance. It is neither the best nor the worst. In this experi-

‘ . +
ment, scanners were searching for 4 prong events produced by 3.5 BeV/c Tt

mesons. A proton contamination of about 10% was predicted. The sample

studied was 2800 events which have been normalized to a 1000 event sample in
Table I for convience of intérpretation.» Tablg I shéws the distributidn of
this sample into the variOQS'categories. A cBmpletion ratio of 85% was
observed, and abbut 86% of the processed events were ﬁhambiguously classified
by kinematics. The remainihg 20% cdnstitute&jﬁlbackground which included'
ambiguous events;_and multiple neutral produc%ion as well asbevents,having no
kinematic fit. There is good reason to beliéﬁe thaﬁAionization measurenents
can confirm most kinematicvéélectiohs, and re§ol§e many ambiguities.: A reason-
able distribution of fitsvis_qbsérved5 i.e. the distribution of the events

into the.various categories is consistent with the physics.

Thereforé, we believe that the HAZE mode of operatioh is running quite

well. We expect that additional experiments will be performed in new chambers,

and there will bé the usual problem of adapting fiduciaIS'and'camera markings to
optimize HAZE performance."The filtering‘praﬁéés séems to ‘be ih a-satisfactory
state, since less than 2% 5f'the events are»éiassed?asvintrinsic fai}ures,'i.e.,
always’rejected’by filtering: Thééé events‘ﬁéry fréQuently havé ﬁhfee or more

extraneous beam tracks repéétedly crossing oﬁe'of the tracks of thé event.
, atedy ¢ v | o : o
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The solution'to this ﬁroblem is.best aqhieved‘by seéarating beam tracks
through the use 6f beam stepping magnets. = . Voo
IoniZatioﬁ meaéurements have been{made oﬁ all_£racks measured since |
1964, but we are just beginning to reach é sufficiéntly stable plateau of
chamber operation to understand and make use of these ﬁeasurements. With
the new procedures, we find‘that we can distiﬁguish tracks whose relative
ionization is 1 1/2 times ﬁinimum from minimum ionizing tracks. Similar
differénces caﬁ be distinguished up to relative ionizations of four times
} o minimﬁm. Thus the FSD ioniiation measurements.aie better than the usual
écanner's estimates, although certainly lesé precisé than aéﬁual bubble
couﬁts with a microscope. We believe that as:furthgr understanding is
gained of chamber temperature, pressure; and illumination vgriations it
will be possibie'to further refine the procedﬁres by which ionization measure-
ments are related to relatiV§ ionizatilons unitsf
I Should like to next éénsider the system'consisting'of the same hardware
and computer, but differentEprograms. This s&$tem,jwhich'we call DAPR (Digital
Automatic Pattern Recégnitién), is a complete;y autéﬁatic scanning,.measuring
and analyzing system. Theréfare several réaébns’wh&_it seéms desirable to move
on from the HAZE system to ﬁAPR. The results §f DAPR operationﬁ on most types
of events will be as¢good és‘HAZE measurementé, andiin some cases better. DAFR
is preferred to HAZE because:bf its‘completely:aﬁtométicify and the consequent -
absenqe of fluctuatidhs,and'%iasésIfroduced bjja5I&rge_group of scanners work- -
ing on any one éiperiment. DAPR.is:preférrediélso because it is more economical

_than other measurement processes. DBecause no:scanners are required, scheduling
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and control of the experiment is more easily accomplished.

We do not &et have a DAPR system ready for physics use, although we
expect to be in'prodnction early in 1967. The programs have been developed
in prototype form and have demonstrated adequate performance in a variety of
chambero and experlments. |

When DAPR becomes operational ohe mode of FSD use will be fully auto-

matic scanning and measuring;v In this mode,‘film may be taken from the

' developing tank directly to the FSD and- measured without prior scanning of

any sort. The DAPR program w1ll produce on magnetlc tape a digital abstrac-

tion of the signlflcant 1nformat10n contalned on the film. Another mode of

DAPR operation would allow’manual preselection of certain»framea, followed
by automatic abstraction of data from those frames in just the same manner as
if no preselection had occurred. This preselection mode of operation would be

applied if events are suffieientlyvsparse as to make abstraction of all pictures

'U'economically unjustified. In experiments involving short.tracks such as

fifd
deuterlum recoils, DAPR would be operated w1th prescanning in which the scanner

measures the short stub on the roadmaking dlgitlzer; These measurements of the
short track are‘then carried:through to thevepatialvreconetruction program with-
out further FSD measurement. | :

Rates of measurement W1th DAPR will be comparable to rates with HAZE. The
HAZE program uses onLy a relatlvely small fractlon of the total computer main
frame time available; DAPR will utilize a large fraetion of the computer main
frame time during_the'data_abstraction'procesee Nerertheless, some 30% or so
of the o?erall'computer mainpframe_would be;arailab;e'even with DAFR in operagtion.

\
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_ﬁhe'IBM 7094 Model IT is the slowest computer capable of operating the

DAPR program at these rates. It is therefore the most suitable computer 0

‘-The result of this pfocessiﬁg is a data abstfaction‘tape, which contains all .l\

! : : .
since DAPR requires dedication of all tape units, memory, and discs available

on most computérs in order to operate efficiently.

The prbtotype DAFR programs have been operated in real-time and on data
from ceveral bubble chamber experiments. I have selected two slides, each
illﬁstrating one view of an event. One is frém the'Befkeley 72" chamber the

other from the Brookhaven 80" chamber. Figure 1 shows the actual 72" chamber

.¥ilm image, a graphical presentation of the data contained on the abstraction

XA

tape, and a display of thos¢ tracks which héve been provisionally associated
intoIVertices. "It is dbvib@s that some false vertices are found, but Jjust as
in the‘manual scanﬁihg proéeés,.these false vertices are easlly eliminated by
comparison between views. Figure 2 contains‘a similar set of displays for

an event from the Brookhaven 80ﬁ chamber.

Thé,DAPR process consiéts therefore of severai éomputer programs. A
first track following:program'controls the F$D and‘receives digitizings of fhe
film. This program oﬁerates,invreél—time. Other programs operating & few
moments after %he film méés;remént combine significant infdrmation of tracks
measﬁred in thé several sweeps of each Vieﬁ,wsearch_for jrovisional vertices,

and in the case of Eerkeley'format film, combine all views into a single record.

significant data from each measured frame in the film. When a sufficient amount ;-

of film has been abstiadted; thé scanning‘%;bcess is performed on the computer

@

by1giving-scahhihg instruct;pns to a spec;élgprogram. We expect that the produc-

tion scanning will oceur at & rate of about 5,000 frames per hour. The résult
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of the scanning process will be a HAZE Librafy tape which agrees exactly in
inforﬁation content with the present HAZE Library tapes.

 In sumary, we think that the difficult questi"fm of whether digital
automatic pattern recognition can be achieveé has been answered in the
affirmétive. .Wé beiieve this process will bé bettef and chesper than any
othér meéns of analyzing bgbble'chamber pictﬁres. ihe abstraction of data
ffom film wili &ield a reliable and unconfused digital description of the
significant information in the film. This digitél_ébstract' can be scanned
by computers at sufficient'rates to make poésible exploratory scans without

the overwhelming barriers of time and cost tﬁat now,cdnstrain the experimenter.

L

2

1 | L .
P.V.C. Hough and B W. Powell., Proc. Int. Conf. Instr. H. E. Phys , Berkeley
(Interscilence Publlshers, N.Y., 1961) p. 243:

Preliminary Operating Expefiénce with HoughiPowelliDevice Programs; With

. H. S. White, T. Aronstein, C. Osborne, N. Webre, and W. G. Moorhead.

Nuclear Instruments and Methods 20 (1963) 393-400; North~Holland Publishing Co.




TABLE I

Distribution of 1000 Events Found by Scanner:after First HAZE Measurement

(4-prong, 3.5 BeV/c n+p.Events in 72" HBC; ~10% Proton Contamination)

Reconstructed by HAZE-FOG

L, el -

n Beam Events ' 588
st Non Beam Events __— 39
" p Events o - 66

Ambiguous (Fits 2 2 categories) 131
No kinematic fit - 32

Total evehfs reconstructed

- Rejected by HAZE-FOG

' Scanner Errors - o N o8k
Film_Fbrmaﬁ Errors 3

" Roadmaker Hardware Errors 3
FSD Hardware Errors 6 ;
FOG Rejections .é 3

All other, including HAZE-FILTER .= 45

Total events rejected

856

1hlh
1000

»
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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.








