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RECONSTRUCTION OF THE OPTIC... CC 2DINATE SYSTEM FOR BUBBLE CHAMBERS
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For a geometric.. wreconsiziuc .on .7 the bubble chamber photographs

the reiative positions of careras and fiducials have to be known.
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ettt precise meacurement of ¢ camera and fiducial coordinates

not w . . .ole for _ow temperature . .ambers (such as a

hyarogen bubblie chwmber) dur ig rormal operation. Usually the relevant
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~nates are therefore z:c¢ sur. % room temperature and then cor-

4« for unermal contruction. k. reby, however, wwmc. .ainties are

auced
vel...our of the we.iows at .. chamber windows (carrying the
~wClaie,; 1s unpredictable. “ae . .sulting inaccuracies . . +of the
..3tance (z-direction, ... fig 1) between cameras and chamber

.undows wre of the order of 0.5 cm.

. addition the chamber windows change position in xy direction

~uring the cooling—down'period. Typical rotation ... les and trans-

~ation: 'n the xy plane are (5 - 10)mrad and (0.1 - ~ 5)cm respect-

ively.

.vilowing a method is described which overcomes these diffi-

-5+ The relative camera and Jiducial coordinates are obtained .



directly “rom the bubble chamber photographs and are hence determined

.

for the operation status of the chamber. As all information is con-
tained in the film, changes in the optical coordinates are easily

deelt with during a run (e.g. because of warming up the chamber).

-n addition misalignments of the optical components can be detected.

‘he method requires fiducial marks on both sides of one of the chamber
vindows (see fig. 2). The relative posifion of these fiducials, in-
clusive the tnickness of the window, can be measured with sreat accu-
racy. This can be done at rcom temperature). By correctiug

uhe tihermal contraction we know the relative nositions of ficducials

ia wwo different xy planes with great accuracy and the operation
cempurrature of the chamber. The positions of these fiducisls o7 the
filw are measured In differcnt views (i.e. in the projec.i. ~. of the
different cameras) on digitized measuring machines. The ....0 .%o scale
of tue film coordinates is irrelevant. These measurements ans i
sacwa fiducial coordinates ou the glass fix the x,y,2 position of the
Cameras.

i1 vase there are additional fiducials on the other chamber winddw

ineir space coordinates can also be determined from their film ¢o-

crdinztezs. In this way, for example, the depth of the chamber can be

o,

geasure

~part from chbvious factors the accuracy of the method depends on the
thickness of the fiducial wi.idow and on the number and positions of
the fiduciuls: The accuracy is proportional to the thickness of the

window; at least four fiducials on each side of the window are recom-

Ve



mended. These fiducials should be widely spaced and visible ‘in all

views.

A FORTRAN program named BLASYS has been written to reconstruct the

opticai coordinate system in the described manner.

The input consists of:

". the space coordinates ¢f the fiducials;

Knowa optical constants, such as refractive indices of the chamber
Wincows;

sharting v17ues for the camera coordinates and for other parameters

to e fltted'

bo fuim coordinates of the fiducials; in case there ure several measure-

rments, the film coordinates will be averaged.

The nareameters to be fitted are determined using a least :¢uares method
which optimizes the agreement between the fiducial measurzients on film
aad in space (the fit is done with MALIK, a subroutine wriute. by Grard,

UCRL 404 % 3.

BLASYS nas beer written in such a way that .a change in the chusse of
theiparameters (came”a ooordlnates, thlcknesses of media, efwactive
indices, etc.) is easily accomplished.

BLASYS is used together with the 84 cm hydrogen bubble uhamber =t DESY.
An idea of the accuracy achieved w.oh this method may be ¢btained from
fable I. There the resu}ts for one of the exposures of the 84 <u chamber
are shown. The relevant chamber dimensions can be read off from fié. 3.

The errors given have been determined in several ways and are believed



to be realistic. The parameters to be fitted have been

. the x,y coordinates of three cameras;
2. the rotation angle and the x,y translations of the front window;
3. the distance: focus - front glass

the chamber depth.
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In order to save computer time in a first step these 11 parameters
Zave been successively fitted using the results >f the previous fits
7or the determination of the next set of pérameters. In this way ap-
:rc.imenely correct parameter values are obtained which can be used
8 &tarting values for a final fit where all parameters are fitted

sinultaneously.

Tabl: I: BLASYS results on the determination of the ont.cal system

of the 84 cm chamber in the June 1966 exposure.

Iinput uumder of fiduclals used on the back glass
a) inside chamber o 6
b)_outside chamber ' 4
number of fiducials on front glass‘ 3

uncertalnty of the space coordinates of : '
the Iiducials (10 —,20)/u

uncertainty of the averaged film coordinaies
of these fiducials

(the demagnification factor: chamber —% film
i

5 15)



Table I cont'd

Results

meésuredw/compared to expécted from fit

(using the space coordinates of the fidu-

) cials and the fitted parameter values )
rms. deviations of camera coordinates

distance: focus - front window
]

chamber depth

rms deviation of fiducial coordinates on film:

108.3%12

39.764

~0.02 cm

A

=

0.03 cm

0.01 cm
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