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CHOICE OF THE RECORDING ARRANGEMENT FOR BUBBLE CHAMBER HOLOGRAPHY 
H. Royer 
Institut Franco-Allemand de Recherches, Saint-Louis, France 

ABSTRACT 
The main characteristics of the different recording arrangements 
are compared. The in-line system is the most simple and the cheapest 
but it does not suit to all types of chambers. The side-band systems 
yield different sorts of images and require different coherence, 
stability and energy conditions according to the type of illumina
tion of the bubbles. 

INTRODUCTION 

The possibility of reconstructing detailed pictures of bubble tracks from a hologram 
was proved by the BIBC experiment achieved last year at the CERN 1 ) . However this test 
was carried out in very favourable conditions and it is not evident that it would yield 
comparable results with an other bubble chamber or in the conditions of an ordinary tech
nical run. 

The problem is not only to get one three-dimensional picture but also to obtain a 
good resolution with a given recording repetition rate. From this point of view it is 
essential to choose a suitable arrangement as well as the adapted material to record the 
hologram and to reconstruct the image. 

THE IN-LINE SYSTEM 

The most practical arrangement for recording holograms of microscopic objects is the 
in-line system which was imagined by D. Gabor then proposed by Wei ford to be used in 
bubble chambers 2 ) . As shown in figure 1 the system needs very few optical elements : the 
laser beam is merely enlarged by an afocal system to the dimensions of the field then it 
travels straight through the studied volume to the holographic plate. 
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Pig- 1 Schematic diagram of the in-line recording system. 
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It is well known that this system provides images that are free from field aberra
tions. The spherical aberration is acceptable if the reconstruction wavelength is not too 
different from the recording wavelength. Moreover no special precaution is needed to ful
fill the coherence requirements as far as the hologram is recorded with the help of a 
monomode laser. This explains why a good image quality was obtained so rapidly in the 
BIBC tests (fig. 2). Let us also point out that a laser pulse duration of 20 nanoseconds 
allows the bubbles to move at 100 m/s with no significant degradation of the image. 

In fact, various other conditions have to be fulfilled to obtain a good image. As 
the reference is not separate from the object beam, the object itself has an influence on 
the quality. Thus it is easy to understand the influence of the bubble concentration 3) 
and of the index gradients in the chamber : the higher they are, the worse the image. As 
a consequence, it is important to mention that in a chamber equipped with a unique port, 

Fig. 2 : Bubbles of 25 urn reconstructed from the BIBC tests. 

the use of a mirror to reflect the incident beam back to the window artificially doubles 
the bubble concentration and the amount of turbulences. 

The front window of the chamber must have a good optical quality but even so it may 
produce substantial aberrations. Let us take an example. A flat window is perfectly stig-
matic for the parallel reference but it produces a slight spherical aberration on the 
object waves emitted by the bubbles. At contrary, a spherical window is stigmatic for a 
bubble located at its center but not for the reference. 

We have shown that, contrary to side-band holography, the best image/background ra
tio is obtained at the inflexion of the Hurter-Driffield curve of the emulsion, which 
corresponds to an optical density of about 1.2 in normal processing conditions (fig. 3). 
A density variation of 0.5 involves a negligible loss of contrast 4 ) . Moreover it is 
possible to adjust the processing time and temperature in order to compensate a lack or 
an excess of energy with a ratio as high as 4. 

Because the greatest part of the light emitted by the laser arrives at the hologram, 
the in-line system is very economical. For example, a pulse of 0.5 millijoule allows a 
9x12 cm2 hologram to be recorded on a normally processed 10 E 75 plate. 

It is also to be noted that the presence of a high magnetic field in the chamber 
does not disturb the recording as the reference and the object waves undergo the same 
modifications. As to the fact that the object-beam/reference ratio cannot be adjusted, 
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this is not a drawback for bubbles greater than the diffraction limit. 

c 
20-

Fig- 3 

TWO-BEAM HOLOGRAPHY 

In the side-band system, the reference is separate from the object beam and it may 
travel out of the chamber. Thus it is not disturbed by the turbulences nor by a high 
bubble concentration. This allows a greater number of tracks to be recorded simultaneous
ly with a higher amount of turbulences. The effect of these two parameters on the image 
quality is similar to that obtained with classical photography. This remark also applies 
to the quality of the windows. 

On the other hand, the angle between the two beams generates field aberrations which 
are more difficult to minimize. The following table was calculated for the two different 

Fig. 4 
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arrangements shown in figure 4: a) The reference inclination is equal to 45° while the 
object beam is normal to the plate, b) Both beams are inclined at 45°. In each case the 
recording and reconstruction arrangements are identical except for the wavelengths X and 
X' corresponding to available lasers. 

Lasers X,X' sph.ab. coma astig. (um) 

Ruby 6943 0.5 10 5 Al 
He-Ne 6328 0.5 30 200 A 2 

Ruby 6943 0.3 7 2 A i 

Kr 6471 0.3 20 130 A 2 

Ruby 6943 0.1 2.5 0.3 Al 
Kr 6763 0.1 8 50 A 2 

YAG 5320 0.2 3 0.5 A i 

Ar 5145 0.2 10 70 A 2 

YAG 5320 0 0.2 0 A i 

Kr 5308 0 0.6 4 A 2 

The optical path distorsions A j and A 2 are given in microns*. The first arrangement 
is obviously more advantageous : not only the field aberrations are smaller but it is 
also much easier to explore the reconstructed image in this case. 

The optimal density of the processed hologram is about 0.3. It corresponds to an 
exposure twice as small as for the in-line system. In fact, the total energy required for 
the recording depends on the losses of light in the object, i.e. on the type of illumina
tion. The kind of image (dark or bright field) and the coherence requirements also depend 
on this parameter. 

a) Direct diffuse illumination 

The object beam coming from a diffuser (Kodatrace by transmission, Scotchlite by 
reflection) travels through the chamber straight to the plate (fig. 5a). If the diffuser 
is adapted to the aperture of the system, the losses of light will be moderate. For ex
ample, preliminary tests achieved in the geometrical conditions of BEBC have shown that 
an energy of less than 10 ml allows a volume of 1 m 3 to be recorded on a 6 x 9 cm2 plate 5X 
The tolerance on the optical path difference between the two beams is the same as with 
an in-line system. The same remarks applies to the eventual velocity of the bubbles. On 
the other hand, a dark image is reconstructed over a bright background. Thus the most 
important problem is to eliminate all the extraneous lights in order to have an accept
able image contrast. As a counterpart, the influence of all the turbulences located above 
the bubbles in the direction of the light beam is completely eliminated. 

For an aperture of 40 mm and an object distance of 200 mm. 
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b) With a direct, non-diffused illumination, it is necessary to block the non-diffused 
light to observe the image (fig. 5b). This can be achieved either at the recording 5) or 

a b e 

Fig. 5 : a,b) Direct illumination, c) lateral illumination of the object. 

at the reconstruction by putting a schlieren stop on the image of the point source : the 
image of the bubbles is bright with a dark background. It is to be noted that this system 
is very sensitive to the chamber turbulences. To eliminate their influence a larger stop 
is needed, which reduces the energy - and the information - diffracted by the bubbles 
toward the plate. 

c) A lateral illumination of the object (fig. 5c) provides a bright image on a dark back
ground 7 ) . A diffuser is not useful in this case. As the light diffracted by the bubbles 
decreases rapidly with the angle of illumination, this method requires much more energy 
than the preceeding 8) (at least 100 to 1000 times, according to the angle and to the 
bubble size). Moreover the tolerance on the optical path differences are much more sev
ere. For example, an angle of 90° involves that the coherence length of the laser be much 
larger than the field width. 

CONCLUSION 

As shown by the BIBC experiment, the in-line system looks well adapted to small 
bubble chambers with very weak turbulences. A good image contrast and a high resolution 
are easily obtained with very moderate stability, coherence and energy requirements. 

For other chambers we will rather recommend the use of two-beam holography. Direct 
illumination looks more appropriate as the stability and coherence requirements are less 
severe than with a lateral illumination. In the latter case the needs of power look pro-
hivitive. 



- 122 -

For large chambers it is better to use a lens in order to re-image the bubbles near 
the holographic plate and to reduce the size of the studied field. 

In any case a good image resolution will be obtained only if the reconstruction 
wavelength is close enough to the recording wavelength. Let us also recall that the reso
lution can also be limited by the quality of the emulsion substrate 9 ) . An interferomet-
ric study of a glass plate shows thickness variations of the order of one X per centime
ter (fig. 6). Hence a diffraction-limited image will be obtained only with a reduced 
aperture so that the emulsion be considered optically flat. 

Fig. 6 : Interferometric study of a 10 E 75 glass plate. 
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