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ABSTRACT

Brighz fieid illuminatmn ueing a beaded reﬂectwe screen is

accoxnphshed in the So-inch heavy liquid ‘bubble chamber by usmg separate

light sources for each lens. The resolution obta.inable is about four times

as great as with dark-ﬁeld illumination.
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Bright-Field Bubble Chamber Illumination
Using a Beaded Reflective Screen
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University of California
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July 8, 1963

Bright-field illumination for bubble chambers usually involves use oik
& mirror to reﬂeét the light into the lenses'i.f straight-through illumination
is not used, The largest chambers using this type of illumination are thoaze |
at Brookhaven National Laboratory. 1 The principle involved is that of a
ba.ck.-silvered concave mirror with a ground upper surface (ground surface
diffuses the reﬂeciions’ in the mirror so' as to avoid the confusion of clear
- reflec¢ted tracks)., Both of these chambers require an expensive mirror of
considerable thickness as well as a special ground surface to avoid reflec-
tions, Separate light sources are used for cach view, extended sources to
reduce reflections from the top glass.

Although attempts had been made to use the retrodirective pmperties
of beaded reflective screening such as "Scoteh Lite' (madq by the Minnesota
Mining Company) and others, no satisfactory reflective coatings have been’
obtainable until now. " |

‘Mr.-Melvin L. Johnson of the Minpesota Mining Company sent us a
sample of an experimental beadéd refléctive screen which has all the de-
siréble prope‘r'tiea, namely, small angular width to the reflected light, small
falloff in intensity away from the normal, .‘ éxtremely fine grain (8o that no
graininess in the éun‘facé is apparenﬁ; in the photographs), and higi: reflecting
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Unlike most beaded reflective sheets, these gheets have the beads
very uniformly apacéd and cloéely packed, Whereas on the usual sheets
there are various spots where six or seven beads are miaamg, this 8heetmg
ic notable for not having such groupe of missing beads, Only single beads
are missing. The beads are about 20 microns in diameter. and no grain-
iz;eu'n shows in the i:hotographs. The sheet has a yellowish cast, but this
causes no difﬁculty with the red light used fc;r these photographs.

Figure 1 shows the track of a cosmic ray photographed against a com-
posite background of two types of reflective scéeen. The successful acree#
is on thé right. Small opots are actu‘ally' tracks of particles from a radio-
active source and not defects in the screen. The crosses are flducial marks
spaced 5 cm apa,:rt. | |

The cosmice ta}; goes out the bottom of the ‘chamber, where any shadows
would be most apparént. and it is obvious that shadows are no problem, since
they lie directly under the tracks.

Tke illumination ayétem consiste of ring flash tubes gurrounding each
lens and shining down through the 2.25-in.~diameter glass windows,

Figure 2 shows a window with its light and lens, A glass cylinder, G,
2~1/8 in. in diameter and 2 in, tall, rests on top of the sealing window, S.
Microscope objective oil is placed between the two pieces of glass sgo that
there is no change in index and therefore no reflection at the interface, Two
smallexr glass cyclinders, G G, are placed directly in front of the lens.

They are cealed to the 2-1/8-in, diameter glass with balsam, again to re-
duce reflections. The outer edgéa of the three cylinders are blackened with
Apiezon black wax to avoid reflections. ‘ |

" A ring-shaped flash tube, T, is placed around the small glass cylinders

and covered with a reflector R. Since a diffuse source is most desirable, a
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riﬂg of .tracin.g paper is placed between the tube and the glass to diffuse the
light. This reduﬁea the intensity of reflections from the top and bottom
glasses of the inner chamber. The camera looks thro;xgh the center of the
ring light at the chamber. _ The anau glass cylmdera ha.ve optzcal surfaces

and are useful in keeping scattera& tht away from access to the camera

4

The im:zer chamber is supported by clear mineral oil as before. 2
‘I’he inde'c of refraction of the oil is 1.47 and that of the glase sealmg window
1 51 and thxe makes the reﬂectmn of the oll-glass surface negligible.

The inner chamber has a glass top and'a glass bottom. 'I‘he reﬂective

sheeting came in 12-in, widths. This was fastened to a 1/16~in. aluminum

plite by 1ts own adhesive and placed under the bottom of the bottom glaes of

“the cha.mber gs shown 2t P in Iig, 3. The sheets were overlapped in the

middle, a;;df this line shows in the pictures.

| ‘1:be reflective sheeting is ia the .minezjal oil surrounding the inner
chamber, The glass beads of the coating are completely submergedina
plastic which has a glossy surface, This plastic has an index close to that
of the oil, and therefore gives no specular reflection from its surface.

The light from any given ring light is returned by the reflective coat«
ing to it§ own camera lens, If one light f_fa.ils only that view is miasing. The
reflective sheeting is sufficiéntly retrodirective s0 that there is no blackening
of the negatwe in the other views., Ac a reault of this property Polaroid
pictures can be made through a special lens with its own 1ight without ioggmg
the other pictures, and the chamber can be;viewed with a steady light at the
Polaroid lens wifh only very slight fogging from scattered light,

The photographs are taken through Aan Eastman 25A (six timgs) red
filter on Eastiman Sheliburst film at £ 32, The lghts are run with 250 pF at

420 V.
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The images of single bubbles appear to be élightly smaller than the

‘diffraction pattern of t}ze lens, which corresponds to 0.34 mm in diameter

whep’ reprojected to full size or to less than 45 1 on the film with the
4.3/ B;in. focal length lenses on our camera, | o

‘<_.'lointra.st is véry easily controlled by contromné the size of the bubbles.

The usual Freons and propane have indices of ';éfrac'tion around 1,18,
and therefore there will appear on the film a reflection of each light from the
liquid-glass iixtez%faces at the top and hottom of the chamber, Only the toib
reflection obscures a tré.ck. This effect was reduced to a negligible amount
by coa.tin'g'v the glaée with a quarter«wave-length t’hicicneaa of magnesium
fluaride suitable for the red light used. The reflections are just visible in
the dark background, . o

The illumination is Bufﬁcieﬁtly uniform so that no‘ steps were taken to
improve it. At'larger viewing angles {i.e,, farther from the xiofmal) it would
pay to c\:urvel the reflective coating so as to be more nearly normal to the line
of sight. This would reduce the effect of the inverse-square .la.w. It would
also be possible to direct the light toward the edges so as to make up for this
loss. ' _

Tracks cast shadows on the reflective sﬁeetf These éh;\.dows are parallel |
to the tracks, ‘close to tracks that leave the bottom glass of the chamber, and
further aw‘ay: and very diffuse when tracks are high in the chamber. The shadows
are néa;rly always invisible for tracks at r;xinimum jonization, and never strong
enough ‘even for heavily ionizing tracks, to cause difficulties,

Appz o:dmately 300,000 exposm es were made with the conchtiona above,
It became appa.rent that the bubbles could be diminished greatly in size and
still be photographed, In order to increase the resolution in the midplane of

the chamber the lensea ware opened up to £ 23. The track images for minimum
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. ionization corresponded to 0.1 mm in the cha.ihber. a reduction by neai-ly @

factor -of 4 from track diameters usua.ny photographed, Thirty thousand
pictures were rhadé in this way. By varying the charmber operating condittona,' -
the number of bubblea per centimeter was increased from 12 to about 30,
Heavily ionizing tracks appeared to be 0.2 to 0.3 mm in diameter., It was pos-
sible to detect wni_zation changes quite well, |
Thié method of operation éermits very fﬁgh resolution, photographic;auy.
of tracks in a large chamber, about four times as good a.-s.has been possible in
tize past. |
The theoretical diameter of the first ring for the diffraction pattern of

a point source corresponds to 0.0247 ¢m in the chamber 56 inches away from

- the lens with an apertuz;e of 0.188 in, and light of the 6800- 1 wavelength used,

The images of ininimuni.tracks'_ were 14y in diameter on the film, equivaleant to
0.01 cm in the ché.mber.' This corresponds to a point on the diffraction pattern
of a bright sourcé at which the intensity ie 65% of the intensity at the middle,
The exposure was chosen so that this point gave a just perceptible decrease in
éhe darkening qi the film, The film was much more transparent, of course, at
the center of the bubble, Images of heavily ionizing tracks were as wide a8 40p,.
corresponding to 0.3 mm in the chamber.

Other major modifications were made in the chamber and are shown in

| Fig. 3. The depth of the liquid was doubled from 6 in, to 12 in, The lights and

wa.ter tubes that formerly were under the imxer chamber were removed, as well
as the Venetian blind, This allowed the bottom of the inner chamber to be lowered
3 in, The reflective sheeting, P, was placed under the bottom- glass, A 3.5-in, -
high'ring,v R, extended the sides of the pressure vessel. The magnet coils were
placed closer together, their spacing reduced from 12 in, to 3 in, This change
raised the magnetic field to 15,000 gauss, whereas before it was 13,000 gauss,
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Electric heati!ng.gads.' ':H. were attached to the cylindrical walls and
the bottom of the chamber for heating, A 'propeller S, driven by a 1/ 4-hp

motor, stirred the supportmg oil to achiave uniform temperature. The watef‘

tubes. Q, in the upper cone were used when cooling became necessary on two
hot daya. The heatmg pa.ds were thermostatically controlled by four thermo-
couples atta.ched to the steel under the pads. Freon (C FS) was used, oper-
ating at 36& 1¢” ‘ With pmpane a.t 61 C the water tubes would not be necessary.
For pa.rt of the run the cha.mber was operated with nine chromium-plated copper

<

plates e whlch were pla\.ed at such angles that they were

viewed edge on by the lenses of two of the ca,meraa. The illuminatxon was un-

. affected by the presence of the plates. since they are onenxed edge on with

respect to the lights suz-_rounding the lenses. The third view did not look between
the platéa. |

Figure 4 shows an enlarged section of a pictute of the very fine bubbles,

Ia addition to the changes mentioned. a three-view camera was constructed
with all three views on one film,

Eastman Shellburst emulsion was used for two thirds of the run, Dupont

140K for one third., Both films gave very similar results, the Shellburst showing

alighély moré contrast and the Dupont 140E slightly less but having a wider latitude
of exposure which was advantageous at the edges of the pictures where the illu-
mination was slightly less.

There is ewery reason to believe thatl this illumination system would work
for hydrogen chambers ‘The reﬂectxve sheeting does not deteriorate in oil, In
Freon it remains unchanged until the Freqn is removed; then the liquid Freon that
hasg penetrated the plastic expands into 2 gaa argain and blows the glass beads off

the screen,
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Some Optical Properties of the Reflective Screen

The optical properties of the reflective screen were measured by with .
a spectrometer having a slit 0.5 mum wide and 3 mm higiz. A hali-silvered %
mirror at 45 degrees reflected the light returned by the reflective screen into
the telescope. The eyepiece was replaced by a second 6.5>(3-mm slit. The
reﬁcctefi light was meaéured with a good photometric photocell prt;perly cal«
‘ibrated and linear, ’I‘hé r;ﬂected peak had a full width at half mazimum of 1,7
dégrees. This tailed off to quarter maximum at 3 degrees and to eighth max-
imum at 4.2 degrées. The spectrometef system gave a width of 7 minutes of
are, 80 that no correction was needed for the width of the slits.

.For oblique rays there was a 4%drop in light intensity at 50 degrees
from the norma.l a 33%drop at 60 degrees, and a 66% drop at 70 degrees. At
exactly normal incidence there iis 5 specular reflection from the smooth glossy
'aurfa,cfe of the plastic containing the glass beads, The specular réﬁ:ection
.doubles the intensity’ of the peak over a very narvrow angle, When the reflective
' screea is suﬁne;ged in the oil the reflection no longer occurs,

The angular spread of light with this Bheeting was compazred directly with

1 The

the spread caused by mirrors such as used in the Brookhaven chambers,
a.ngula# spread of the lighf reflected from the beaded reflective screen was
found to be approximately vhalf as greét as that from the mirroxs, | P}.unging the
reﬂective gcreen into liquid nitrogen causes no change in its optical properts.es.
If the reflective screen resists deterioratxon in liquid hydrogen. also, then all

its cha.racteristics are sm.ted to operation in hydrogen.
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Fig., 1. A cosmic ray paéSes out of the bottom of the.cha.mber.l It starts at
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FIGURE LEGENDS |
y
the uppei left-hand corner, wherc it is above an older type of beaded
- reflactive ec:een. The new reﬂective screen is to the right The large
symmetric ¢ross is on the bottom gla.ss of the cha.mber. The un;s'ymmetric
TR croes is on the t0p glass, The spacing between ﬁducial marks is 5 em.
Fig. . .Thoe muminzticm system. _
.S sealing glase window
‘G glass cyhndar
O location of tracing paper diffuser
W steel wall of outer chamber .
T ring {lash tube
R reflector
G glass cylinders
Fig. 3.‘ The modzﬁe& chamber .
'H electric heatmg pads
P reflective sheeting
.. B bottom glags
R 3,5-in. extension ring
Q water tubes .
S propeller stirrer
Fxg. 4. A7 decay of a K' coming to rest in hquid C. F8 The two v mesons
.decay into u and e’. The p from the backward w hae a range of 1,43 mm
and is at right angles to the line of sight, The positron is dipping at an
angle of 20 degrees and should appear to ’be 1.07 times minimum, The
- other posxtron is at 68 and should appear to be 2.7 times minimum, The
pa.ir on the :ight is horazonta,l and should appear to bte mmimum. The
larcfe cross ie on the bottom of the chamber, The dark ring around the
¢ross comes from reﬂe-ctiona. from the top and bottom glasses, of the
light surrounding the lers, The lens is directly over the cross. The diage
onal track crossing the center of the 'picmra is very close to the bottom of
the chamber. It is less clear for two reasons; it is out of focus, and the
- . shadow on the reflective screen showe slightly, The faint straight line at

 the lower right-hand corner is the overlap of the reflective screen,
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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

.

B. 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. l

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.
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