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The Brookhaven Bubble Chamber Group is developing a Hough-Powell
fast analysis system (HPD)1 for bubble chamber photographs. High
precision measurements are made with a computer controlled flying spot
digitizer., We are currently testing the track selection programs for
the system. We have just completed a study of a method for automatic
bubble density measurements.

Bubble density measurements are useful to identify particles and
thereby reduce the number of ambiguous kinematic fits for a bubble chamber
event. An accurate determination of bubble density is tedious and time
consuming by the individuval gap length method. The HPD bubble density
measurements are obtained along with the geometry points at a rate of
about six seconds per twenty-inch chamber photograph,

We will describe the HPD and its bubble density measurement
process before we present the results of our recent tests.

The HPD employs a mechanical flying spot with associated optical
and electronic elements that are capable of reduéing the information
content of a bubble chamber photograph to precise diesital form, The first

two figures will show how this is done. Figure 1, a view of the 20-inch
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hydrogen chamber,.exposedntq:960 Mev positive pions at the\AGS, shows the
éiterna1 fiducia1s'used fér roﬁgh'digitizing at the bottom and the binafy
data box at the,left, Tﬁe smaller X's in fhe pictgre are fiducials for
" the. geometry program.‘-Thié rhotograph was read by the HFD which transmitted
the coordiﬁates of all hits on bubble images into an IBM 7090 computer,
The 7090 CRT display of this data appears inhF‘igL'lre 2. The horigontal scale
is'strétched by a factor of,four#thirds for plotting convenience. Wé see
that.the picture is honestly féproduced aﬁd.that variations in bubble éeﬁsity
are fpprodﬁced.i ' o ‘
| For the present, event pattern<;ecognition is‘prOVided by humanhs,
In Figﬁre 3 we see a scanner making road measurements of an event of
interest. A1l informati;n‘which<lies outside of the roads determihed
by the rough measurémenfs is diécarded by the computer, The centrally
. located two—prong.event in Figure 1’waé processed, Some of the hits in the
_beam track road are shown in Figure k. - N |

The dots are the road points selected for the tfack by the FILTER.
}subroutine; The solidlsquares are backgrqund points and tﬁe solid
triangles are averaged points, Figure 5 shows two tracks in the roéd and
a crossing track.

Returning to bubble dehéity, 'we expeét that the lengths of gaps in a
track form a Peisson distribution. Adjacéﬁt bubbles frequently coalesce
into céntinuous elemenis or blobs, If we consiaer a bubble to be fhe:
smallest possible blob, then a track consists of many blobs sgparated-by
an equal humber.of gaps. Wle combine the flying spot size and the bubble
image size into an equivalent HPD sean wﬁdtﬁ, a, for thch bubbles can be |
treated as pointé. For a track of mean bubble density, k; per micron on
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is the probability that é miss will occur on a single sweep across'tbe'tfack.

: We assume ﬁhat neither energy loss nor dip angie_cause any change
in the bubble densitv over the segment uﬁder considerafion. We assume
that thére are no background bubbles near the track. In practice fhia
meaﬁslthat we pust.tufn off the bubblé density méasurement whgnever the
track is obscured. : |

" A maximum likelihood estimate of the mean bubble spacing, A, is
given by equation (1) : '

: ofin (L - )

where s'is the scan line separation

M is the total number of Misses

C is the total number of gap5.2
In this case there is the additional requirement that |

ak<s<a
so that at most one bubble coﬁl& be digitized only twice. This condition
,Aiévcompatible with the requirémenté of measurement speed and the FILTER
’subroﬁtine. A
. To test the'H?D bubble density measurement, we'plofted‘all‘of'the.‘
road points for the beam track of the two-prong event in Figure 1, By eye,
we' selected the hits whicﬁ'were associated with the track and we determined
. whether a hit 6r miss occﬁrred'on each écan of the track, We plotted the
hit-miss structure of the track as shown in Figure 6, For this track we .

| found 68 data cells and 244 misses. The scan line sépafation was 28 microns
and from equation (1) the inverse bubble‘density. X , was.found to be
86 + 11 microns. The error is purely statistical. The;same track waé

‘measured on one of the bubble chamber group's measuring projegtqrs by



~h—
ouriéonvontional;gap measurement method. This vielded
A= 83 * 8 microns
Again, the qrror'is statistical,

Recentlyv Neil Webre included automatic bubble density measurement
in the FILTER subroutine, Some of the éOO Mev " events were processed.
Due to FILTER difficulties it was necessary to follow the computation in.
detail. We present results for 9 seleéted tracks that were FILTERed - |
proverly, These tracks were-also'measured on the measurihg pfojector for ’
comparison, The data appears in Table I. The Tirst three‘tracks in
'TableLI are minimum beam tracks. The remaining tracks cover the range to
abont five times minimum. Agreement udfﬁ the reaults from the measuring
ornjector ié pnor for the deﬁse tracks. .This is thought to be dﬁe to
our computing the;number of misses from the difference between the total
number of scang and the total number of hits., We will change this
_ computation to a difect.tally of the number of ﬁisses. This will greatly
reduce the measurement error for dense tracks.

We conclude from measuring the same track repeatedly, that the
refroducibiiity‘of HPD Bubblé density measﬁrement is currently of the same
crder of magnifude as the statistical error. This is mostly caused by the
+ 5% regulation of the spéed of the m&ving stage, We expect to reduce this
to + 2%.

Figureé 7, 8, énd 9 are bubble chamber photographs of some of the,
tracks that were measured. The HPD ﬁean bubble férmation lengths for these
tracks are indicated on the figures.

As a result of these tests, we feel that high quality bubble density

measurements will be provided by the HPD system.
N
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Figure Captions

Fig.'l. . A BNL 20 inch hydrogen chamber photograph. The chamber was
exposed to 900 Mev positive'oions which enter the chamber at
the bottom of the page. .The centrally located two-prong event
was found to be an elastic collision.

Fig. 2.. The HFD digital reproduction of a BNL 20 inch hydrogen chamber

- photograph. This is a photograph of the CRT plot of the HPD
digital measurement of the picture in Pig. 1. The horizontal
scale has been stretched by a faotof.of four~thirds for
plotting convenience. | | '. ' § S

Fig; 3. A'rough digitizing scanner for making HPD "roads", Fiducials
and three points on each track are digitized The HPD
control program uses these measurements to exclude the unwanted
portions of the picture. |

' Fig; L. HPD FILTERed tracks. One track, designated by the dots, lies
in the road, Background hits are shown by squares. Two
groupe of twenty hits each are shown. The last hit in each
group is indioated by an open-figure. The'averdge dot for
each group is shown as a solid triangle. o

Fig. 5. HPD FILTERed tracks. The first group of tuenty hits shows twol
roughly parallei tracks in the road. The second group shows a
crossing track.: o |

Fig. 6, - Bubble density representation of a track,

Fig. 7. Automatic HPD bubble density measurement of track number one,



Fig. 8.

Fig. 9.

_Automatic HPD bubble density measurement of track number one,
Automatic HPD bubble density measurement of tracks number zero

and number one,
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FIGURE 3



HPD FILTERED TRACKS

FIGURE 4




HPD FILTERED TRACKS
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BUBBLE DENSITY REPRESENTATION OF A TRACK

—{ — SCAN LINE SEPARATION

FIGURE 6



FIGURE 7
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FIGURE 9





