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ABSTRACT 

. Bright-field ill~tna.tion uelng a beaded reflective. screen is 

ac::eomplished'tn the 30.-inch heavy liquid bubble chamber by using separate 

ligll.t sources £oi· .each lens. The resolution obtainable. is about .four times 
' :I, ' 

as. great a.s with da.rk.:.field illumination. 
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Brlght-.Field Bubble Chamber Illumination 
Using a Beaded Reflective Screen 

Wilson M. Powell, Larry Oswald. Gary Griffin, and Frapk Swartz 

Lawrence Radiation Laboratory 
University of California 

Berkeley • California 

July 8, 1963 

Bright-field illwnination for bubble chambers usually involves use o£ 

a mirror to reflect the light into the lenses if straight-through Ulumina.tion 

is not used. The largest chambers using this type of illumination are those 

at Brookhaven National Laboratory. 1 The principle involved is that of a. 

back.-silvered concave mirror ~ith a ground upper sur£ace (ground surface 

di££uses the refiectiona· in the mirror so as to avoid the confusion o! clear 

reflected tracks). Both of these cha.mbers require an expensive mir x:or of 

considerable thickness as well as a spacial ground surface to avoid re£lec­

tiol1a.. Separate light sources are used for each view, extended sources to 

reduce reflections from the top glass .. 

Although attempts had been made to use the retrodi.rective properties 

of. beaded reflective ocreening such as "~otch. Lite". (made by the Minnesota. 

~ining Company) and other.s, no satisfactory reflective coatings have been · 
. . 

obtainable until now. 
\ . 
'. 

Mr. ·Melvin L. Johnson of the Minnesota. Mining Company sent us a 

sample of an experimental beaded re~ective screen which has all the de­

sirable prope~ies. namely, small angular width to the reflected light, small 

falloff in intensity away from the normal, extremely fine grain (so tha.t no 

graininess in the ou:rfa.ce ls apparent in the photographs). and high "reflecting 
. ' . 

• power. 

,. 
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Utilike most beaded !"eflective sheets, these sheets have the beads 

very uni£ormly spac;cd and closely packed. 'VI'"hereaa on the usual sheets . 
there are various spots where six or seven beads are missing, this sheeting_ 

is notable for not having such groups o£ missing beads. Only single beads 

are miesing. The beads are about ZO mic1·ona in diameter. and no gra.in­

ineoo shows in the photographs. The sheet has .a yellowish cast, bl.lt thio 

causes no di££ieulty with the red light used for these photographs. 

Figure 1 .shows the tl'a.ck of a cosmic ray photographed against a com­

posite background o£ ~o types of reflective screen. The successful screen 

is on the right. Small opots are actually tracks of particles from a ·radio .. 

·active source and not defects in the screen. The crosses are fiducial marks 

apaced 5 em apart. 

The cosmic: ray goes out the bottom o£ the ·chamber, where e.ny shadows 

would be most apparent. and it is obvious that shadows are no problem. since 

they lie dh·ectly under the tracks. · 

The illumination system consists of ring flash tubes surrounding each 

lens and shining dOwn thl"ough the Z.ZS·in.-diameter glass windows. 

Figure 2. shows a window with its light and lens. A glass cylinder, C, 

2 .. 1/S in. in diameter and 2.. in. tall, rests on top of the sealing window, S. 

Microscope objective oil is placed between the two pieces o£ glass so that 

there is no change in index and therefore no reflection at the inter!ace. Two 
. ' . ' 

smaller glass cyclindera, G, G, are placed directly in front of the lens. 

They a.re sealed to the 2-1/S•in •.. diameter glass with balsam, again tore· 

duce retlec:tions. The outer edges of the three. cylinders are blackened with . 

ApiezoA black wax to avoid reflections. 

A dng-shaped flash tube, T, ls placed around the small glass cylinders 

and covered with a reflector R. Since a diffuse source ls most desirable_ a 
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ring of tra<.:ing paper is pla.eed between the tube and the glass to diffuse the 

light. This reduces the intensity o.f reflections !rom the top an~ bottom 

glasses· of the inner chamber. ~e camera. looks through the center o! the 

ring light at the chamber. The anaU glass ~ylinclers have optical surfaces 

a.nd are useful in keeping acatter~d light a.way £rom ac.cess to the camera 
. ' 

l.enses. 
.• . ,,. 2 

The inner chamber is supported by c_lear mineral oil. as before. 

_Tl'~e i~dex of refraction of the oil is 1.47 and that of the glass sealing window 
. ', . : .. 

• 
1.51, a~ _t~is makes the refieetion of the oil-glass surfa.ce negligible. 

• I 

The inner chamber has ~ glass t~p and·a glass bottom. The reflective 

. ~heeting came in lZ.-in. widths.. This_ was fastened to a 1/16-in. aluminum 

plate by its owtl a.dh;esive and placed under the bottom of the bottom glass of 
: . ~ . . ~ -

the chamber as a~ ~t P in Fi_g. 3. The sheets we~e overlapped in the 

middle. and thls line $howe in the pictures. . . . . 

The refiective sheeting is in the mineral oil surround.ing the inner 

chamber. The. glass beads o£ the coating a.re completely submerged in a 

plastic which has a glossy surface. This plastic ha.a a.n index close to that 

of the oil, and therefore gives no specular reflection from i~s s\ttface. 

The light from any given ring light is returned by the refiective coat• . . . 

ing to its own camera lens. 1£ one light fails only that view is miesing. The 

reflective sheeting is sufiiciently retrodireetive so that there is no blackening 
' 

of the negative in the other views. As a reoult o£ this property Polaroid 

pictures can be made through a special lens with its own light without fogging 

the othe1· pictureo, and the chamber "can be viowed with a steady light at the 

Polaroid lens with only very slight fogging from scattered light. 

The photographs are taken through o.n Eastman ZSA (six times) red 

filter on Eastman Shell'burst film· at f 3Z. The lights are ron with 250 J.lF at 

420 v. 
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The images of single bubbles appear to be slightly smaller than the 

diffraction pattern of ~e lens. which corresponds to 0.34 mm in diameter 

wh~n reprojected to full size or to less than 45 II. on the fUm with the 

-4-3/ 8-in. focal length lenses on our camera. 

Contra.st iG very easily controlled by controlling the size of the bubbles. 

The usual Freous and pt•opane have indices o£ ·refraction around 1.18, 

£Lnd therefore there will appear ?n the film a reflection of each light !rom the 

liquid ... glass inte~£aces at the top and bottom of the <:hamber. Only the top 

reflection obsclttes a track. . This effect was reduced to a negligible amount 

by coating thea glass with a quarter•wave-length thickness of magnesiwn 

fluOride suitable £or the red light used. The reflections are just visible ln 

the dark background •. 

·The illumination ~a sufficiently uniform so that no steps were taken to 
. ' 

improve it. At larger viewing angles (i. e. • farther from the normal) it would 
' 

pay to curve the reflective coating so as to be more nearly normal to the line 

of eight. This y.r~uld reduce the effect of the inverse-square law. It would 

alao be possible to direct the l~ght toward the edges so as to make up for this 

loss. 

Tracl<s east shadows on the reflective sheet. These shadows are parallel 

to the tracks, ·close to tracks that leave the bottom glass o£ the '<:ham~r~ and 

further away. and very diffuse when tracks are high in the chamber. The shadows . \ 

are nearly al\vays invisible !or tracks at minimum ionization, and never strong 

enoush, even for heavily ionizing· tracks, to cause difficulties. 

~. 'Appt•oximately 300,000 exposu1·es were made with the conditiona above. 

It became apparent that the bubbles could be diminished greatly in size a.nd 

still be photog:t.·a.phed. In order to increase .the resolution in the midplane of 

the chamber the lenses were opened up to t Z3. The track images for minimum 
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ionization corresponded to O.l inm in tbe ch~ber, a reduction by nearly e{ 

l 

factor ·Of 4 !rom track diameters ~ually photographed. Thirty thousand 

pictures were made in this _way~ By varying the cham~r operating conditions,: 1 

the number o!bub~les per centimeter was increased from lZ to about 30. 
" 

Heavily ionizing tracks appeared to _bca O.Z to 0.3 mm in diameter. It was pos-

sible to detect ionization changes quite well. 

This method of operation permits very high resolution, photographically, 

of tracks in a large chamber, abOut four times as good as has been possible in 

the past •. 

The theoretical diameter of the first ring for the diffraction pattern ·of 
' 

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

the lens with an apertu~e o£ 0.188 in. and light of the 6800-.\ wavelength used. 

The images of minimum_ tracks were· 14 11 in diameter ·on the film, equivalent to 
. . 

0.01 em in the chamber. This. corresponds to a point on the diflraction pattern 

of a bright source at which the intensity is 6So/o of the intensity at the middle. 

The exposure was chosen so tha.t this point gave a just perceptible decrease in 

the darkening of the film. The film was much more transparent, of course, at 

the center of the bubble. Images of heavily ionizing tracks were as wid~ as 40Jt, 

corresponding t'o 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 l:Z. in. The lights and 
. . . . . .. 

I 

water tubes that formerly were under the i~er chamber were removed, as well 

as the Venetian blind. This allowed the bottom o£ the inner chamber to be lowered 

3 in. The refle.ctive sheeting, P, was· placed under the bottom glass. A 3.5-in ... 

high· ring, R, extended the sides of the pres sure vessel. The magnet coila were 

placed closer together, their spacing 1·edueed 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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I 

Electric heati'ng.pads~ ·H. were attached to the cylindrical wails and 
! 

the bottom of the chamber for. he_ating; A propeller s. driven by a 1/ 4-hp 

motor, stirred the supporting oU ~o achieve uniform tem!)E;'rature. The water· 
.. . . . . 

tubes, <;), ~n the upper .cone were used when cooling became necessary on ·two 

hot days. The heating pa~s wer~ thermostatically controlled by four thermo­

couples atta~hed ~o the steel under the padc. Freon. (C3F 
8

) was used. oper-.. .. . '• 
ating at 36:!:: 1 C • With propan~ a~ 6.1 .~ the water .tubes would not be necessary. 

For part ·of the run. the chamber was oper·ated with nine chromiwn-plated copper 
. ' . . . . 

plates · . .. ~ . · ._.,, ... ~-.. 
I . • ••·· . ·• 

. . ::.,which were pla~ed a.t such angles that they were 
' ~ . . . ' 

viewed edge on by the lenses of tw~ of .the cameras. The illu:nination was un­

a££ected by the presence of the plates, since .they are oriented edge on with 

1·espect to the lights eur~ounding the lenses. The third view did not look between 

the plates. 

Figure 4 shows an enlarged section of a picture ·o£ the very fine bubbles. 

In addition to t1le. changes mentioned.. a thre~·view camera was constructed 

with all three views on one film. 

Eastman Shellburst emulsion was used for two thirds o£ the run. Dupont 

· 140E for one. third. Both films gave very simUa.r results. the Shellbut·st showing 
.j . 

slightly more 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 siightly leas. 
\ 

: 
There is EV~:i:;y reason to believe _that this illumination syotero would work 

ior hydroge.n chambers. ·The reflective sheeting does not deteriorate in oil. In 

Freon it remains unchanged. until the Freon is removed; then the liquid Freon that . . . 

has penetrated the plastic expands into a gas again and blows the glass beads off 

the screen. 
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Some Optical Properties. of. the Reflective Screen 

. The optical properties o£ the re£J.ective screen were measured by with~ . 
a spectrometer having a. slit 0.5 m1n wide and 3 mm high. A half-silvered 

mirror at 45 degrees retlected the light returned by the reflective screen into 

the telescope. The eyepiece was replaced by a second O.SX3-mm slit. The 

J:eflected Ught was measured with a good photometric photocell properly cal­

ibrated and linear. The reflected peak had a fuU width at half maximum of 1. 7 

degrees. This tailed off to quarter maximum at 3 degrees and to eighth max­

imum a.t 4.2 degrees. The spectrometer system gave a width of 7 minutes of 

a.rc, so that no correction was needed for the width of the slits • 

. For oblique rays there was a 4o/o drop in light intensity at 50 degrees 

!:rom the normal, a. '33o/udrop at 60 degtees. and a 66o/o drop at 70 degrees. At 

exactly no1·mal incidence there ii-s ;·~. specular reflection from the smooth glossy 

surface o£ the plastic containing the glass .beads. The specular reflection 

doubles the intensity·· of the peak over a very narrow angle. When the reflective 

screen ie subme1·ged in the oil the reflection no longer occurs. 

The angular spread o! light with this sheeting wa.s compared directly with 

the spread caused by mirrors such as used in the Brookhaven chambers. 1 The 

angular spread o£ t.~e light reflected !rom the beaded renective screen was 

found to be approximately hal£ as great as that from the mirrors. Plunging the 

reflective screen into liquid nitrogen ea.uaes no change in its optical properties. 
' . . I 

lf the reflective screen recists deterioration in liquid hydrogen, also, then all 

its characteristics are suited to operation in hydrogen. 
' ' -... 

( 
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FIGURE LEGENDS 

~ Fig. 1. A co3mic ray passes out of the bottom of tho chamber. It ota.rts a.t ;t-

the upper le!t-ha.nd corner,. where it is above an older type of beaded 

·reflective screen. The new r~£1eetive screen is to." the right. Tl1e large 

eymmcatric: eross ia 6n the bottom glas~ of the chamber~ The un~ymmetric 

· ~.; > <:ross is on the top glass. The spacing between fiducial inarko is. 5 em. 

Fig. 2.. . Th~ iUwnina.uon: system.-

.s sealing glaaa window 
· C glass cylinder . 
0 loc~tion of tracing papeJ:> diffuser 
W steel wall of outer chamber 
T ring flash tube 
R. reflector 
0 gla.ss cylinder~ 

Fig. 3. The modified e}'t..a.mber 

H ·electric heating. pa.ds· 
p reflective sheeting 
B bottom gla,e s 
R 3.5-in. extension ring 
0 water tubes 
S. propeller stirrer 

Fig. 4 •. A ,. decay o£ a. K+ corning to rest in liq~d c3F8• The two w + mesons 
. . + + .,.. + 

. decay into tl and e • The JJ> from the backward 1t · has a range of 1. 43 mm 

and is at right angle~ to the line of sight. The positron is dipping at an 

angle of lO degrees and should appear to be 1..07 times minimum. n4e 
0 

other positron ia at 68 and should appear to be 2. 7 times minimum.: The 
. \ 

' . 
pair on the right is horizontal and should appear to be minimur.a. The 

large cross is on the .bottom ~f the chamber.: The dark ring around the 

cross comes from reflections, from the top and bottom glasses, of the 

light surrounding the. lens. The lens is directly over the cross. The diag­

onal track crossing the center o£ the picture is very close to the bottom' of 

tho chamber. It is less clear for two 1·eaeons; it is out of focus, and the 

shadow on the reflective screen shows slightly •. The !aint .stJ;a.ight 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 warran~y 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 proc~ss disclosed in 
this report. 

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 ~xtent 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 cont~actor. 
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