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PERFORMANCE OF THE DAPR SYSTEM

Howard S. White and Demnis Hall

Lawrence Radiation Laboratory
University of California
Berkeley, California

INTRODUCTION

‘The Digital Automatic Pattern Recognition (DAPR) System for the unassisted
dlscovery and measurement of events in bubble chamber film has been described

at previous conferences of this series -3). The obgectlve of the DAPR

-process is to produce on magnetic tape a concise abstract of the usable

information cOntained in each film image, and then, by means of a digital

'computer, to perform all further analysis pr0cedures from the 1nformat10n

stored on this data abstract tape.

The hardware for the DAPR system consists of a Flylng Spot Dlgltlzer
(FSD) of the Hough-Powell type, attached to an IRM 709#-11 computer. This
hardware configuration has been used for phy51cs measurements at Berkeley
since 1963 as part of the HAZE system. HAZE performs automatlc measurement of
bubble chamber evente under the guidance of manual scanning. DAPR makes use
of this hardware without significant modification, and thus takes advantage of

the reliability and precision which have been established during the measure-

- ment of nearly two million events in the HAZE mode of operation. A Tandem

FSD which is now being fabricated to sugment the measurement capacity will
strongly resemble the original unit, dlfferlng only in those components most

affected by the gains in laser and integrated c1rcu1t technology made since

' 1961 when the first FSD was designed.,

Fundamental to the DAPR system is the process byiwhich_information on
film is converted to a digital abstract on magnetic tape. Digitizings from
the FSD are associated into track segments. Segments from the sweeps

necessary to cover the image in both normal and orthogonal mode are then

‘linked into tracks. Each track of each view is represented on the Data
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Abstract Tape (DAT) by a set of average points uniformly distributed over
the length of the track, and by a measure of bubble density .in clear regions
away from other tracks. This ionization information is contained in the
counts of digitizings and the total intersectionsldf the scanning spot with
the track locus. Fiducials are recognized, and their measured locations

are preserved. Other lines which are digitized at fixed locations in
repeated views are deleted, along with tracklike point sets originating from
marks exterior td the chamber image. What is preserved on the DAT is there-
fore a precision measurement of ionization and track,lpcus with respect to
‘reference fiducials, exactly corresponding to the meashrements made by HAZE,
except thét.éVery track in every abstracted image is so recorded.

In order that the scanning programs which make use of the DAT can readily
perceive evehts,'further information describing the association of tracks is
stored on the tape at the time of image abstraction. Verticies are detected
in each view as being the clustefing of track end53 confirmed by the deter-
mination that all associated tracks intersect at:a'cpmmon point. Coincidences
due to viewing point are resolved by interview comparison; Final association
of tracks in each v1ew with a spatlal vertex is made for tracks which can be '
matched in space. A table whlch summarizes this assoa1at10n of tracks and
verticies in.the three views is contained on the DAT, in addition to the
track measureinents° ' » | |

Generation of the DAT is performed at a rate established by the FSD
measurement speed. Film of small chambers, such as the IRL 25" HBEC, requlres'
about two seconds per normal or orthogonal view measurement, so that when
stage retrace and film motion is included, an elapsed time of about oL
seconds is required to measure the three views oﬁ_one bubble chamber exposure.
Thus the one FSD unit yields a measurement rate of about 150 triads abstfacted
per hour. The central processor of the IEM 7094-IT computer is occupied
somewhat less than half time in controlling the FSD and achieving the data
abstraction. A second or tandem FSD unit is expected to increase the
measurement rate by about 1l.8. Part of the computer capacity will remain
available for background computations even when both FSD units are active.

The DAPR scanning process operates without further reference to the

bubble chamber film. Events are selected by applying scanning criteria to the
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detected verticies listed on the DAT, and the track measurements are edited
into the_HAZE library format for subsequent processing through geometry and
kinematics programs. Because the verticies are étored on the DAT in a form
readily perceived by the digital scanning process,‘comparison of scanning
eriteria with measured data to recognize desired events proceeds at a very
rapid rate. Depending upon the number of events to be written out to the
HAZE librarY'tape, the rate of scamning is from 12,000 to 15,000 t;iadé per

hour.

‘COMPARISON EXPERIMENT

The best determinafion of the perfdrmance of ‘a new system is obtained by
comparison of its results for a substantial number of events with those
obtained from some other well understood system. Film from a 1.53 GeV/c ﬂ+
expdsuré of thé'LRL 25" Hydrogen Bubble Chamber was chosen for this comparison.
This film had recently been analyzed for 2-prong eVénts by use of the HAZE
systém, and for Lh-prong events by use of the COBWEB system of online
Franckensteins 4 s SO that a three-way comparison seemed possible. Further-
more, the IRL 25" HBC is optiqally clean, having two glass sides which allow
images uncluttered by side effects of the illumination. The lbw momentum
pion beam produces simple event types with a minimum of scanning ambiguities,
And finally, there remains a sizable quantity of unmeasured film of this typé
and momentum region. However, the film chosed was‘not'as good as we might
have wished. In particular, the beam fracks are too closely spaced for best
results. It was also discovered in the course of the DAPR measurement that
static electric discharges in the camera produced images which caused serious
problems for positioning views on the FSD. These positioning errors also

lowered the completion ratio of the HAZE measurement.

- COMPARTSON PROCEDURE

Eight contiguous rolls were sélected for compérisono JA11 13,005 frames
were processed to form a DAT. Although prescanning in the form of HAZE roads
existed, we chose to operate DAFR in the entirely unassisted mode. Only '
éfter the scanning program had selected verticies for assignment was it made
aware of the HAZE‘scanning information, so that appropriate error codes could .
be assigned for bookkeeping purposes tb unselected verticies which had been
found by the HAZE scan. '
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Because éomparison of the measurementé on é track-by track basis was
desired, it was necessary to ensure that the track labeling be done in the
same manner for both DAPR and HAZE measurements. The HAZE labels initially
had been assigned by the scanners, and experience hés shown that some
inconsistencies of labeling are characteristically present. Therefore,
the HAZE measurements were converted to the format of the DAT, and the tracks
were relabeled by the DAER?EEéﬁhing process. This procedure guaranteed
identical labeling while causing only minute differences to the event through-
put; we observed 8L.6% throughput for the 2-prong events as a direct result of
the HAZE measurement, and 8L4.4% throughput for the same data with the DAFR
rela'belingo It is of interest to compare these values with the normal through-
put value of'92% for what is conSidered typically good film, giving evidence
that the film selected for the compariéon was below the usual quality.

The chamber volume in which verticies were acceptéd was limited 'for both
the DAPR and HAZE scans. For DAPR, the limit at the entrance side of the
chamber was set by the requirement in the scannlng criteria that the incident
track be measured over a sufflclent length to establish that it was a beam
track, while the limit at the exit side was set only by the need for outgoing
tracks to beé unambiguously matched. On the other hand, the HAZE scanners
were instructed to acc_ept' events in»whicvh “the incident tré,ck, even though
short, appeared to follow the orbit of a beam track,‘allowing a much
earlier acceptance region than for DAPR. Similarly, the HAZE criteria at
the éxit sidé took into account the requirement for kinematical uniqueness,
and forced the acceptance volume to be more restricted than would have been-
required for track matching alone. The intersection of tkese two voiumes,
which is illustrated in Figure l will be referred to as the "joint fiducial
volume" ( JFV)

There are only 462 4-prong events within the joint fiducial volume. These
‘yielded results similar to those defived from the comparison of the 2-prong
events between DAPR and HAZE. On the other hand, the small number of events
and the different basis of comparison (COBWEB rather than HAZE), makes the
4-prong data difficult to quantitatively relate to the larger data set.

Therefore, ﬁe shall restrict the detailed discussion to the 2-prong data.
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A simple set of scanning criteria was formulated to identify the 2- and
Lh-prong events to the DAFR scanning program. TheSegcritefia were intentionally:
conservative; so that any residual track match br_vertex association ambiguity

~would cause the vertex to remain_nnselected as a desired event. .The scanning
criteria imposed the following requirements: The measured parameters for the
incident,track were required to be consistent with the defined beam orbit.
Charge consefvation was imposed. The vertex was reQuired to have at least
one track associated with it in each view. At least two view measurements

with suitable geometry for reconstruction were requlred for each tracko

COMPARISON RESULTSv THROUGHPUT

One bas1s for comparison of measurements is the number of events Whlch
are avallable to the kinematics programs. of 1nterest is not only the ratlo
of geometry completlons to total events, but so also is the nature of the
events whlch fall to be’ satlsfactorlly measuredo-

A total of 3140 2-prong events was found within the JOlnt fiducial
volume in the 13,005 frame sample of film, This total includes 2957 events
found by the HAZE 3cannef, as well as 183 events newly found by DAPR. After
a very painstaking scan of part of the film, we beiieve that it is.unlikely
that more than 2% of the total 2-prong beam event sample is not counted
within this total n.um.ber° ‘

The distribution of ‘these events accordlng to whether their measure-
‘ments passed or failed geometry is shown in Figure 29, Somewhat more than
half of the events (1752 = 55.8%) had hoth HAZE and"DAPR measurements pass
satisfactorily through the geometric reconstructiop. These events will form
the basis for a detailed comparison of track parameters to be discussed helow,
The remaining 1388 events had no geometric output from one of the HAZE or
DAPR soufces, or both. Note that in the case of HAZE measurements, most of
these events were found by the HAZE scanner, but had their measurement
rejected for some reason. In like manner, most verticies were found by the
DAPR process; but the track measurements were such that the DAPR event
selection criteria were not met. This distribution therefore addresses the
throughput efficiency, not the finding efficiency. These categories will

be discussed in more detail in the following sections.
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DAPR RESULTS MISSING

Results from geometric reconstruction are not present for the‘DAPR
measurements described in Figure 2 under the categories "HAZE ONLY" and
"NEITHER". The 722 events (23.0%) included in the "'H'AZE ONLY" category
are those found by the HAZE séanner, and satisfactorily measured by HAZE,
but either undetected or unselected by DAPR. The 252 events (8.0%) marked
"NEITHER" include 17 which were unseen by the HAZE scamner, but were
selected by the DAPR scanning program and then failed in the geometric
feconstruction. The 974 events in these categories'were inspected at the
scanning table, and each event was classified according to the apparent
cause of its fallure. This classification was based upon the coded comment
supplied by DAPR and upon the appearance of the event and ité surroundings
as viewed at the scanning tabie. Figure 3 shows the distribution of these
assigned causes. | _

Film format problems which'preventéd one or more Qiews from being
properly positioned by the FSD caused the rejection at abstraction time
of frames containing 5.0% of the JFV sample. Nearly all of these are due
to static discharges made in the camera which introduced confusion in the
area of the edge markings by which the view is positioned. This is not a
cbmmon problem in 25" HBC film, and undoubtedly contributed to the lower
HAZE thrqughput observed for this film. If we correct the throughput ratio
for these events, we obtain a DAFR throughput of 72.6%, which indeed was
exceeded for the first six of the eight rolls.

Many of the events which éould not be selected were victims of.their
surroundingé° These are shown in the next major division of Figure 3.
Although the events are well distributed across the chamber in the total
sample, the tracks of any one beam pulse are rather tightly clustered.

The most significant result of such overlaid beam tracks was the addition
of a track or tracks which could not be excluded from the vertex, which
therefore produced geometric ambiguities that prevented the clear choice
necessary for event selection. This class is indicated as "Close Beam
Tracks" in the distribution. An example of such an event is shown in
Figure h, where the forward outgoing track was confused with the nearby
beam track enough to produce a poor vertex po%nt, thereby excluding the

backward track.
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In some cases, two events were sufficiently close to confuse the vertex
generating algorithms of DAPR. This caused all of the tracks of both
verticies to be gathered into a single vertex prodﬁcing‘the logical "OR" of
the tracks. The class is so named. ‘ ’ ‘

Some events are made ambiguous by'the presence of an unrelated, but
spatially coincident track which ends nearby. We call these tracks "inter-
lopers", and the class is named accordlngly An example of this is shown
in Figure 5, where a track produced at a vertex near the entrance ends quite
near a 2-prong event in the lower half of the picture.

The following of an electron spiral of a few centlmeters radius is
generally quite incomplete, giving rise to several short segments which
represent part of the total spiral. When one ef these passes through a
vertex, it ueually produces an ambiguify which the program cannot presently
resolve. 4An example of this "Electron Spiral' class is shown in Figure 6.

For a considerable fraction of the DAPR measurements not output through
geometry, there is an apparent dependence upon configuration. These are
shown in another major division of Figure 3. Most of these eonfiguration
dependent selection failures are in the category of "Vertex Algorithm"
failures. The only algorithm presently incorporated in the DAPR vertex
search routine depends upon the bresence of two or more track endpoints
near each other, with at least one endpoint being quite near the inter-
section point of the two tracks. One large subset of 2-prong events is
guaranteed to fail this search algorithmg those evehts in which one
outgoing track departs from the vertex in’a direction essentially parallel
to the incident track. Small angle elastic scatters and inelastic events
are both observed in the "Vertex Algorithm" failure category. The present
algorlthm is by no means the only one feasible, and it soon will be
augmented by another algorithm especially tailored to pick up these events.
An example of "Vertex Algorithm" failure is shown in Figure 7, where the
elastic scattering produced by the beam track nearest the right side of the
picture is followed as a continuation of the incident track. In Figure 8,
the inelastic event is most obvious as a change of bubble density fairly
early in the chamber, and no significant deviation of the beam track is
seen for some distance. The presence of a number of close beam traeks

makes this picture difficult for visual inspection as well,
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The DAPR program is conditioned to retain only tracks on which a minimum
of twelve hits have been made. This minimﬂm.requires‘that the track be at
least 720 microns in projected length along the direction cf the stage
travel. Trécks in the bubble chamber shoiter than 1.5 centimeters generally
are not found:by DAPR because of this requirement, giving rise to the
selection failure class "Short Stub™. An example of this is shown in
Figure 9, wheére the shorter of the two elastic recoil tracks is approximately
at the limit of being seen by DAPR track following.

A short track outgoing frcm a primaxry event which leads to a nearby
secondary event is similar to the category‘of "Vertex OR" previously
discussed, except that of course this class is produced by the event
configuration. An example of "Short Secondary" is shown in Figure lO, wheie
the left-most ‘beam track.produces a 2-prong event with a secondary 2-prong
about 1 centlmeter away° |

Some event configurations have tracks obscured by other tracks of the
event, as in the Yeprong event shown in Figure 1l. Others have tracks so
placed that the thfee-#iew geometric reconstruction cannot produce a unique
match of the track-views, as is iliustratedtin Figure 12 by the 2-prong event
with coincident tracks at the bottom of the picture. These classes are
indicated in Figure 3 by the legends "Conflguratlon Precludes Track Following"
and "Ambiguous 'I‘racks "

A few of the events detected by the DAPR vertex search, and selected
by the DAPR'scanner, failed the three-view geometry program FOG. However,
for a number'of'events; no apparent reason for failure was seen when they
‘ were v1ewed at the scanning tabley these were assigned to the category

"Reason Unclear™. They have since been studied in detail by use of various
diagnostic procedures. Some are found to result from frame positioning
errors undetected by DAPR, errors which caused one v1ew of some other trlad
to be measured in place of the correct one. Some events have tracks which
extend beybnd the usual region of chamber illumination, so that the track
was rejected as unwanted noise. The latter can be corrected merely by
- changing a constant within the program. The event in Figure 13 that is
. produced by the right-most beam track conteihS'such a track, extending out

beyond the chamber image to the left of the picture.
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Not all of the events which remained unselected by the DAPR scanning
program failed to have a detected vertex. Figure 14 shows the distribution
" of undetected verticies among the a7k events.not output by DAPR which have
Just been discussed. 'It should be noted that correction of the cauées
yielding "Film Format" and "Vertex Algorlthm" failures will reduce to only
3% the fractlon of verticies unperceived by DAPR, with half of these due to
close beam tradks. This compares, as we shall see, to nearly twice this

. number of events missed by the HAZE scanner.

/

DAPR EVENTS NOT OUTPUT BY HAZE

Each event output. by the geometry program fram:fhe DAPR measurement,
but not from the HAZE measurement was carefully reviewed at the scanning table.
The 414 valid 2-prong events are distributed between those which were found, . »
and those which were missed by the HAZE scanner in the manner shown in
Figure 15. Allowance has been made to credit the HAZE scanner with finding
the event when procedural or scanning hardware efrors prevented the HAZE
measurement from being successful. Even so, 166 events, or 5.3% of the total
sample were. not detected by the manual scanning process. There were no
obvious features to distinguish any of these events from the total distribu-
tion, except that the HAZE scanner missed events invisible in the one view
whieh he scanned. : _ |

An additional h3 verticies from the 13;005 frame JFV sample successfully
net the critefia which were given to the DAPR.scanning prbgram, but proved
upon inspecfion not to be valid 2-prong events. The distribution of these
43 "fake" events as determined by scanning table inspection is shown in |
Figure 16.

The eight secondary events were selected by the DAPR scanner only
because of an oversight in writing the scannlng criteria, which neglected
to require that "beam events" must have an incident track that actually
enters the chamber. '

The classes of "Short Sigma" and "Short Secondary" are due to DAPR's
inability to see short tracks. Their frequency can be reduced by tightening
the tolerance by which tracks are allowed to miss the comon intersection
point. Some of the L-prong events have one very faint track, which digitizes

S0 pooriy that it is not followed. If this track is caused by the negative
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pérticle, and if the forward positive sufficiently resembles a beam track,
the track match routines delete the "outgoing beam" track, leaving an
apparently valid 2-prong event., This hapjenéd‘in nin¢ céses. On the other
hand, the deletion of an apparently'"ouﬁ-going beam" track allowed the
selection of perhaps 10% more Z2-prong events whichbwere'very close to a
neighboring béam track. Finally, some adjacent track‘endings meet all
present criteria for both verticies and selected events.

We believe that the problem caused by these fakes is not serious.
Many can bé eliminated by small changes in the DAPR proéedures and scanning
criteria. Takes which then survive will represent 6nly a small increment to
the set of fakes found by manual scanning, and can be guarded against in
the kinematic analysis by the same means now used to ellmlnate scanning

amblgultles and mistakes.

DAPR MEASUREMENT QUALITY

We now turn to the 1752 events for which geoﬁetry output (kinemstic
input) fram both the HAZE and DAPR sources was availa'ble° In order to
achieve a valld comparison of the two measurements,. ‘all tracks were fitted
as plons in the geometry program FOG 5)0 This proqedure was chosen since
vthe orbital error introduced by fitting a proton track to a pion mass
hypothesis is.negligible,'whereas fitting a pion frack to a proton mass
hypothesis produces serious discrepancies in the orbit at low values of
momentum. Differences between the HAZE measurement and the DAPR measurement
were computed for the dip angle, the azimuth angle, and the momentum at the
vertex for each track. These differences were then normalized by dividing
by the combined apriori error estimates for the two measurements. The
difference between track length measurements was also computed but no
normalization factor was applied. For all paramgters the DAPR value was
subtracted ~ from the HAZE value so that a positive difference implies that
the HAZE value was greater than the\DAPR value and vice Vérsa. Thus, for
each track in the sample, comparison parameters ﬁere computed for the dip

angle, the azimuth angle, the momentum, and the track length.

Qualitatively we would expect independent measurements- of the same
track to produce symmetric distributions centered at zero. Further, the

standard deviation of these‘distributions should be somewhat smaller than
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unity, since the normalization factors include a term which.aecounts for
multiple scattering. Figure 20 shows‘the distribution of the normalized
'differenees in dip angle summed over all three “tracks° We notice that the
observed distribution is entlrely compatible with our apriori assum;ptlons°
Furthermore, there are very few tracks with large departures. The source
of the few large departures has not been completely determined at the
present time, although a nuﬁber of these events have been studied. Improper
vertex correlation by the event comparison program is certainly one source.
Small angle scatters which were detected by the HAZE scanner, but not by
DAPR have some'contribution.‘ There is some evidence that apriori errors
may be underestimatea for low momentum tracks. Whatever the source, these
events are not believed to represent a serious contamination of the deta,
since their frequency is low. o \

Figure 21 shows the distribution of the normaiized differences in
azimuth angle summed over all three tracks. In thie case we observe a.-
somewhat wider distribution with a mean of -0.2 standard deviations. The
increased width is probably due to a slight miscalcﬁlation in the error
coefficient which ﬁas used for normalization, and does not reflect a basic
error in either HAZE or DAPR. The shift in the meen represents an

_angular discrepancy of only .016 degrees on the average, or one minute of arce.

Figure 22 shows the'distribution of'nermalized differenees in momentum,
and again, the two measurements are seen to be in excellent agreement° Thus
the HAZE and DAPR systems are seen to be equivalent in their measurement of
the three basic track descriptors.

In the case of track length, a somewhat more sﬁrprising result was
obtained. We had aésumed that the length of track measured by DAPR would
be somewhat smaller than the length measured by HAZE on the average. In fact
Just the opposite was observed. Figure 23 shows the distribution of track
length'differences between HAZE and DAPR. Notice that this distribution is
skewed even though it peaks at zero and has a standard deviation of about
«75 centimeters in space. The number of events in which the HAZE measure-
ment exceeded the DAPR measurement by morevfhan 2 centimeters is negligible.
However; there is a significant contribution of events in which the DAPR
measurement was more than 2 centimeters longer than the corresponding HAZE

measurement. A small fraction of these events are indeed due to kinks and
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and other small angle departures detected by the HAZE scanner but not by

DAPR. However the great majority of these events are due to the HAZE scanners
ending the road prematurely. This unfortunate habit weht unnoticed until

the compariéon experiment was performed. Since the ébility to resolve
kinematical émbiguities is strongly felated to the length of‘track
measurements, DAPR represents a significant improvement over our operating
experience with a full guidance system. _

A related question concerns what is the shortest track fhat can be
measured by DAPR. Figure okt shows the track length distribution for the
proton track of elastic events. Tracks longer than 1.4 centimeters in spacé
are seen to be conéistently detected. This corresponds to 1 millimeter on
film, or 17 hits if no angle projections are assumed. When a correction is
applied for the average projection angle this value agrees exactly with the
12 hit cuﬁoff in the DAPR track following process. A new procedure which
accepts dense tracks with fewer hits is planned for the future.

Finally, Figuré 25 shows the distribution of cos*G* in the center of
mass system for the proton track of the elastic events 6). The HAZE data
was derived from the entire HAZE fiducial volume and normalized to the eight
roll JFV sample. The normalized HAZE data is represented by the dotted line,
and the DAPR data is represented by the solid line. The depletion of DAPR
data in the first two cells, and in the last cell is due to the predicted
bias from the as yet incomplete vertex algorithm and short étub procedures
of DAPR. When the data in- the central 37 cells were compared a X2 value of
8.0 was calculated for a 20 degree-of-freedom fit. Thus, except for
predictable biases,'thé-DAPR measurements are seen to be in excellent

agreement with the HAZE measurements.

- UNSELECTED VERTICIES

An investigation of all verticies detected by DAFR but not noted by the
IHAZE scanner was undertaken for one roll of the eight roll study. AObviously,
not all event types in the film had been considered by the HAZE scannerj the
distribution is presented here for two reasons. First, there is the practical
éonsideration of how many frames per roll must be manually reviewed in order
to be certain that no desired events were overlooked. Secondly, the distri-

bution gives an indication of the DAPR finding efficiency for all event types
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in the film. - Unfortunately, no comparison déta for event types other than
beam 2-and h-prong events was available. Thus'findingbefficiencies can not
be reported for event .types other than‘fhese;>-HoWever, there is good
indicdtion that 2-prong évents are the most difficult for DAPR to detect,
and ﬁhat the finding efficiency for other event types is excellent.

v DAPR prdduced in the entire roll of 1663 frames a total of 108 verticies
which were hbt recorded by the HAZE scanner. figufe 24 shows the distribution
of these verticies by event type. Most (68)'of'theéevre5ulted from 2-prong
events. of these, 32 were valid beam events, with 20 selected by the DAFR
scamnmer and 12 detected but unselected. In addition, there were 15 2-prong
events produced by degraded beam particles, aé well as'l6 secondary scatters.
The five fake events were'amOng those already discussedo.

' The second largest category'contains 22 events:of’all other types,
consisting of L 4;prong events, 5 events in the glass, 5 kinks, 5 electron
- pairs, 2 g‘u~6»decays, and one V° from thé chamber wall, The 5 events in
the glass can be eliminated by applying a fiduciai,vdlume cut in the Z
direction. A ' | o

" "The final cétegory consists of 12 verticies formed frbm unrelated tracks
which happened to eqd near each other in space, tqgether with 6 “verticies"
which were not apparent when inspected at the scan table. Thus in 1663_
frames, the DAFR procedure yielded only 18 vertiéies‘whiqh were not the
result of sbme sort of interaction. _

The DAPR scaﬁning program can be instrucﬁed to identify events of a
given type without including them on the HAZE library tape for further
analysis. Use of this procedure greatly reduces the number of frames.whiéh
require manual review. Such identification is analogous to describing the
signature 6fAunwanted events in the manual scanning ihstructions so that
they will not continually be brought to the attentién of the ex@erimenter.

In this comparison experimenf, for example, a description of the non-beam
and secondary 2-prong events; and events in the glass would identify
approximaﬁély 26 undesired evehtS'among the 108 verticies shown in Figure 2k,
The number of verticies remaining after selecﬁion or identificaﬁion is
therefore 57, or about 4% of the frames in the roll. Using these procedures,

the DAPR scanning program can extract most desired events from the fihn
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without manual assistance, and can produce a concise list of frames outside

its scanning c¢riteria for manual review.

PHYSTCS PRODUCTION. -

The use of DAPR for physics measuremente'has nqﬁ begun., The first film
measured was from a 1.29 GeV/c n+ exposure of the 25" HBC, which allowed the
experience gained in the comparison experiment to be most directly appliedQ
Because the bulk of the 2-prong events in this film had not previously been
measured, manual scanning was used to provide a beokkeeping entry for each
event found by the scanner. This prescan was most important in giving .
confidence td_the experimenter that DAPR can indeed find his events adequately.
However, since the events occur in about every third frame, by using the
prescan information to select frames to be abstracted, fhe cost of the
scanning is balanced by the saving in abstraction cost. The DAPR processing
makes no use of the prescan information except for frame control. About
14 000 events were measured during the first week of operatlon in February,
1970, Prescannlng has operated at a rate averaging 100 frames per hour or
more. MEasurement of frames selected has averaged 150 frames per hour with

the DAPR system°

SUMMARY OF PRESENT STATUS

The comperison experiment provides g firm basis:for confidence in the
DAPR process as it now stands. We have shown that the tracks and verticies
contained on the DAT are a high fidelity abstraction of the film information.
Almost all events are perceived by DAPR. Nearly three-fourths are available
to kinematic analysis without any manual assistance, and this fraction is
increasing as gaps in program completeness are filled in. The list of
verticiesrCOntaining desired events that are pereeived but unselectable
. contains but few extra entries. The measurement precision is equivalent
to HAZE, our present standard of excellence. DAPR has now become a
practical-ﬁool for high energy physics measurements.

Some parts of the system remain to be completed. Additional vertex
algorithms are'being implemented, as is the ability‘to follow shorfer tracks.
The art of writing scanning criteria has only begun to be explored.' We hope
that the impediments caused by format and close beam track difficulties will

influence the design of fufure experiments.

e
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DAPR is already superior to manual scanning systems in some ways. The
full abstraction of all tracks allows calibration of ionization and of beam
cross sectlon on a frame-by-frame basis. Con31stent adherance to desired
standards can be more readily achieved w1th an automatlc system than w1th
a manual system employing many persons. The cost of discovering and
measuring events is considerably reduced infcomparison to HAZE and other
systems. |

THE FUTURE

We' expect that DAFR can be operated with 11ttle change in chambers of
the two-meter class, and steps to measure data from the SIAC 82" HBC are
now being takena Extension to the large scale chambers belng designed will
depend prlmarlly-upon the ability of the dlgltlzlng hardware 1o produce
good .representations of the information from the film. The procedures of
'DAPR, perhaps implemented on a larger computer, would seemingly perform as :
well for large chambers as small.

We believe that DAFR has already moved very close to the goal of totally
~unassisted-analysis of bubble chamber data. Its achievement of this goal
seems assured. With human reaction times no longer included in the system,
it would Be-possible with suitable hardware to'opefate without film, online
to the bubble chamber. This would allow for bubble chambers the same
advantages of immediate, online data analysis which have been so useful in
meny spark chember experiments, while retaining the precision and resolution
of the bubble.chamber. Only a system which operates without manual
‘assistance can go online in this manner. We believe that the attainment

of operational status by DAPR is a significant step toward these goals.
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FIGURE CAPTIONS

Jblnt Fiducial Volume for the Comparlson Ex_perlmento
Dlstrlbutlon of 3lh0 Two-prong EVents w1th1n the Jblnt
Fiduc1al Volume. o
Distribution of 974 Events Not Output by DAFR.

Example of the class "Close Beam Tracks'.

Example of the class "Iﬁterloper"°

Exaﬁp;e,of the class "Electron Spiral". ,

Exémple of the class "Vertex Algorithm" (elastic event).
Ekample of the class "Vertex Algorithm" (inelésﬁic event).
Example of the class "Short Stub". |
Example of the class "Short Secondary'.

‘Example of the class "Configuration Precludes Track Following'.

EXample of the class "Ambiguous Match'..

Dlstrlbutlon of 97h Events Not Output by DAPR show1ng Undetected
Vertlcles° '

Distribution of 414k Two-Prong Events Output by DAPR only.
Distribution of 43 Fake Two-Prong Events Fbund by DAPR in the
Joint Fiducial Volume for 13,005 Frames Scanned. 7
Example of DAPR fake due to a forward track to the secondary vertex.
Example of a DAPR fake due to a short I decay.

EXample of a DAPR fake due to a non-beam event coincident with a
beam track.

Comparison of HAZE and DAFR measurements of bip Angle,
Comparison éf HAZE and DAPR measurements of Azimuth Angle.
Comparison of HAZE and DAPR measurements of Momentum.

Compérison of HAZE and DAFR measurements,of'Track Iength.
Distribution of short Proton Recoil Lengths for Elastic Events.
Distribution of CMS Proton Recoil angle for Elastic Events.
Distribution of 108 Verticies Perceived by DAPR but Not Seen by
the HAZE Scanner. '
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, 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 informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, 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 Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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