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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, express
or implied, with respect to the ‘accuracy; com-
pleteness, or usefulness of the information .
contained in this report, or that the use of
any information, apparatus, method, or process
disclosed in this report may not infringe pri-
vately owned rights; or

"B. "Assumes. any liabilities with respect to the use
of, or for damages resulting from the use of any
information, apparatus, method, or process dis-
closed in this report.

As used in the above, "person acting on behalf of the
Commission”" includes any employee or contractor of the
Commission to the extent that such employee or contractor
prepares, handles or distributes, or provides access to,” any

information pursuant to his employment or contract with the
Commission. e '



L2- UCRL-8277
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Wilson M. Powell, William B. Fowler, and Larry O. Oswald

U ' ', Radiation Laboratory and Départrhent of Physics
University of California, Berkeley, California

May 9, 1958
 ABSTRACT

A propane bubble ﬁhamber with a sensitive volume of 30-1/2 in. by
21-1/2 in. by 6-1/2 in. deep operating in a magnetic field of 14,000 gauss is
described. Operating parameters and some e;gineering details are given.
The part of the chamber containing the propane is hydrostatically supported
in oil through which the chamber is photographed. This permits the use of

- small glass windows with a large safety factor.

o
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A 30-INCH PROPANE BUBBLE CHAMBER

Wilson M. Powell, William B. Fowler, and Larry O. Oswald

Radiation Laboratory and Department of Physics,
University of California, Berkeley, California

May 9, 1958
INTRODUCTION

Propane bubble‘chambersiloperate at pressures of nearly 400 psi and
temperatures about 60°C. The high pressu.re makes it impossible to use a
glass window of much more than seven inches in diameter and at the éame
time to have a safety factor of 15 such as is used on ship portholes. The
" chamber described here overcomes this difficulty by immersing the propane

container in mineral oil which is contained at the high pressure in a steel
. tank. The chamber is viewed through four 2-in. -dianby 1 1/2-in. -thick |
glass windows in the top of the tank. The safety factor of these windows is |

over 15,

APPARATUS

The Chamber k

Figure 1 shows the chamber. Its éxternal dimensions were designed
to permit it to fit into a large 'electromagnet which provides a steady magnetic
field of 13,000 gauss over the vblumé of the propane.

The part containing the propane a Fig. 1, consists of an oval stainless
steel chamber 31-1/2 in. long by 21-1/2 in. wide by 6-1/2 in. deep with the

ends curved in a 10-3/4n.radius. Glass windows (5) 3/8 in. -thick form the top

“This work was supported by the U. S. Atomic Energy Commission.
1D. A. Glaser and D.C. Rahm, Phys. Rev. 97, 474 (1955), and
Larry O. Oswald, Rev. Sci. Instr. 28, 80 (1957). '
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and bottom of the chamber.. The upper glass is held by a clamping ring which

is sealed to the sidewall of the chamber by a flexible Hycar rubber diaphragm

¢ which .permits the glass to move vertically one inch. The stainless steel
rod d is attached to the clamping rring‘ rigidly and is constrained .in its
motion by the two sliding ball bearings e, so as to maintain the top glass
parallel to the bottom glass during its vertical motion.

In filling the chamber, both the propane container and the outer space
as well as the space behind the Hycar diaphragm are evacuated (see below).
In order to reduce the amount of foreign matter reeching the chambers, the
propane is distilled into the chamber by heating the propane bottle. The
propane fill tube is shown at mn. A rectipot connected to the top glass gives
an indication of its vertical position. A differential pressure of 2 psi will
not rupture the propane container. Standard grade-3 white oil is introduced
at the top of the outer container with the vacuum pumps still running. As
soon as oil covers the top glass, the weight of the oil presses the top glass
downward. When this happens, propane vapor is introduced until the glass
rises to the middle of its range of motion. This process is continued until

the c‘hamber is filled with oil. Then, on the introduction of propane gas and

liquid, the top glass is held in the middle position by the oil.

. Expansion Mechanism

A cy11ndr1ca1 Hycar rubber diaphragm f at the top of: the outer
container is pressed against a cylindrical-hole plate with 4000 1/16-in. -
diam. holes leading to the manifold, where eight exhaust ports lead to
eight Barksdale valves, which are equally spaced around the container.
One of these is shown at g, Fig. 1. The chamber is compressed by
opening the Barksdale valves to an external tank containing nitrogen
at 390 psig. The top glass moves down, squeezing out the bubble
of propane gas above the liquid. | Therefore the compressed position is
determined by the propane volume and the recompression pressure., When
an expansion is made, the Barksdale valves are opened to a reservoir of
nitrogen at 5 psig. The chamber is fully expanded after 45 milliseconds

(msec), and recompresées in about the same time. The top glass of the
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chamber moves about 0.2 in. Figure 2 shows the éignals from the transducer
which measures the pressure as the solid strips and those from the rectipot .
which indicates the position of the top glass, as wiggly lines. The trans-- |
ducer is located at h in Fig. 1.
The operation of the chamber results in a sensitive time of at least
4 msec and the lights are flashed from 2 to 6 msec after the arrival of the

beam..

Illumination

Thirteen flash tubes (i, Fig. 1) beneath the chamber supply the
illumination. Alterné.te lights are flashed leaviﬁg the othér set as spares.
All surfaces around the lights are painted white and a screen that transmits
about half the light is placed over each flash tube to reduce the intensity
directly over each tube. Just above the tubes is a sheet of opal glass j, to
‘divffuse the light. Between the opal glass and the bottom glass of the chamber
is a light collimator k, called a ''venetian blind'’, which directs the light
entering the chamber away from the two viewing ports 1, so that the bubbles
appear against a dark background. The ''venetian blind" consists of 3/4-in. -
wide strips l/lé—in. -thick Lucite tilted so that their edges point at an angle of 20°
away from the Viewing ports 1, through which the ph_otographs are taken.

These strips are cemented together with black cement so as to form
a solid sheet 3/4 in. thick covering the bottom of the chamber, all strips
being aimed properly so that the light misses the lenses. If these strips were
continuous alohg their length, one end of the chamber would not be illuminated.
In order to overcome: this difficulty the 3/4-in. solid sheet was cut into 3/4-in. -
wide strips perpendicular to the sheets; and alternate strips were oriented in
. the opposite way so that both ends of the chamber received equal illumination,
though somewhat reduced from that at the center. The end lights are in-

creased in intensity to compensate for this.
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-Photography

The set of 6 or 7 flash tubes were flashed at 1700 v with 32 uf with
the end tubes at about 1900 v. Photographs were taken-at an {f number of -
16, through a Wratten G25 red filter, using Eastman Linagraph Panchromatic,
70-mm film. The red filter was used to reduce the effect of chromatic
aberration in the oil. The lenses were matched golden wide-field Dagor of

4-3/8 in. focal length. Two separate cameras holding 1000 ft of film each

‘and 9 in. apart gave pairs of pictures at a demagnification of about 7.

Fiducial marks on the top and bottom glass consisted of dots on a 5-cm grid.

Between the two cameras mounted on the top of the chamber there is

.a data box containing a magnet ammeter, run.description, and the picture

number in neon lights. A duplicate set of lights displays the picture number
at the console. A second lens pointing out of the back of each camera
photographs the data box. |

' The cameras operate in-a magnetic field of 700 gauss and therefore
all controls are operated by air or vacuum. The film is pressed against a
flat backing plate by a framewhich holds the edges down, The backing plate

is covered with fine grooves which are evacuated so as to hold the film flat.

Temperature Control

Two independent hot water systems are used to heat the oil, one for
the space above the propane chamber, and one for the space below. The
temperature of the water below is hotter by 5 C® than that above so as to
maintain. a uniform sensitivity from top to bottom of the propane. |

The water tubes below the chamber enter at p, Fig. 1, and run back

-and forth between the lights. The water tubes for the upper part of the oil -

container are soldered to 1/16-in. copper sheets (u) which are between the -
tubes and the steel walls. The copper sheets are separated from the walls

by 6-mil-thick Mylar sheets at v to give some heat insulation. The tubes are
then covered with 1/2-in. -thick polyurethane sponge w, and this is held down

by another l/lb-in; copper sheet x which presses the sponge down on the tubes

-and makes it fill the spaces between the tubes. This prevents oil convection

-around the water tubes, and the inner copper sheet reduces azimuthal
PP

variations in temperature of the oil,
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Additional heating is provided at the top of the o0il container by flowing
water from the upper system through water tubes r around the top cover v
plate.. Because the base of the oil cohtainer can transfer heat through the
bottom to the magnet, a similar watef tube é, is supplied by the lower hot

water system.

Beam Window .

The various beams of particles enter along the long axis of the chamber
through a 1/8-in, ~thick by 2-in. -high by 9-in. wide stainless steel window
shown at y, Fig. 1. The beam pésses through 1-in. of oil and then through the
1/8-in. stainless steel wall of thé propane. chamber. The tracks can be seen

over the full 30-in. length.

Electrical Connections

All electrical connections enter the outer container through the right side

- wall where the propé.ne chamber is narrowest, “The‘re are altogether 50 feed-

throughs to take care of the lights, transducer, and two reétipots. The
theromocouple which measures the tempera’;ure'of the propane is inserted at
m. |

Figure 3 is a photograph of the control cénsole, which contains the
following items: 1. Two oscilloscopes for observing rectipot signals,
transducer signals, time pips supplied by the Bevatron, and ﬂashing time

of the lights; 2. Micromax for observing temperatures of the water systems

~and the propane; 3. Automatic alarms for a great variety of functions; 4.

Camera-wind controls; 5, ‘Water-heater switches; 6. Nitrogen-compressor
controls; 7. Propahne-bottle heater control; 8. Gate and delay circuits for
ekpansion, recompression, lights, camera wind, number counter, etc; 9.°

Picture number,
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The Magnetic Field

Fig.ure,% shows the chamber in the magnet. The bottom slab of iron
(2) measures 5 ft 8 in. square‘ by 8 in. thick. To this is attached the bottom
coil consisting of 192.5 turns of 0.640-in. ~-square copper tubing with a 0.402-
in. ~diam. hole for water cooling. This coil is attached to plate a . and wound
on an iron cylinder 40 in: o.d. and 37.5 in. i.d. .

A cylinder of iron (c¢) 37.4 in. o.d. and 15 in. high fits inside the
coil, and the cil container sits on top of it in such a position that the inside
surface of the 4-in. -thick bottom of the oil container is oh the same level as
the top of the iron ring upon which the bottom coil is wound. '

Four iron posts (d) suppc»ft the top iron slab (e) to which the upper
coil (f) is attached. The o0il container passes through a 22-in. -diam. hole
in the top slab e. |

The oil container itself is made entirely of magnetic steel except for
" the vertical 2-in. =thick wall of ithe bottom portion(t, Fig. 1l.) which is made
of nonmagnetic steel. | _

The upper part of the oil container acts és the upper pole of the magnet
and the bottom of the oil container forms part of the lower pole.

Fourteen iron return paths (g, Fig. 2) rmeasuring 6 ft by 10 in, square,
can be attached around the four sides between the upper and lower iron slabs
according to the needs of the experiment, leaving appropriate vacancies for
the entering beam and water and electrical leads,

Figurez}shows a plot of the magnetic field against radius. The three

curves give the fields for three different heights in the proparie chamber.

Oil-Cleaning System

The Hycar rubber diaphragm colors the supporting oil gradually, and
it is necessary to clean the cil once a day,\ This is acc‘omplished by passing
the oii through an oil press of the type used for filtering transformer oil.
The press i_s loaded with about 1/2 1b of Fullers earth which is mixed with
oil. This loaded oil is passed through the filter to charge it. Then the
chamber o0il is removed in small amounts, and replaced by filtered oil under
sufficient pressure. One hundred gal. of oil can be introduced in this way in

2 hrs time,
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DISCUSSION

Safety Pr ecautions

Sixteen gallons of propane are needed to fill the chamber, and in the
event of a fire in the building, provision has been made to get the prbpane out
of the chamber in 25 min, A steel pipe leads the propane to a mixer which
consists of a continuously operating air-driven blower outside the building,
This blower mixes the propane with air to a concentration of 1.5%. A standby
supply of compressed nitrogen turns on automatically if the fire interrupts
the compressed air to the blower motor. ‘

The chamber is compressed with nitrogen, which is recirculated. In
case of a diaphragm failure, thedpropane enters this closed system, which
-automatically dumps the propane through the blower. Oil.which might come
é,long with the propane separates out in a 150-gal prépane tank, used in the
nitrogen-recirculating system. If the inner propane chamber should rupture,
the propane would mix with the oil. A test of this mixture showed that the
propane vapor pressure dropped from 340 lbs to 190 1bs when mixed with the
oil, All parts of the 'syst‘em were tested over a 12-hr period at 2.5 times
operating pressures, and at the 60° operating temperature. These tests

- are repeated whenever electrical lead-throughs are changed.

Chamber Operation

Expansions are made every 6 sec, being initiated by a signal from the
Bevatron some 45 msec before the arrival of the beam. The lights are
flashed by counters only when a beam of the proper intensity enters the
chamber. About 2.3 ft3 of nitrogen at atmospheric pressure is used for
each expansion; This is supplied at a pressur“e of 500 psi, and suitably ﬂ
reduced in pressure to match the temperature of the propane. At 61°C, the
compressed pressure is about 390 psi. The rubber diaphragm has operated
without failure for several hundred thousand expansions and shows no signs
of deterioration. '

The number of bubbles per unit length of track can Be increased or
decreased dependbing on the demands of the experiment. A top glassl motion

of 0.2 in. produces very closely spaced bubbles. Care must be taken to keep
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the overpressure not more than 25 psi above the vapor pressure. Below this
point, a bubble forms, above this point tracks become very faint.

During a run when antiprotons stopped in the chamber and it was
desirable to detect them by ionization when they had a kinetic energy of 200
Mev and an ionization of 1.9 times minimum, the best conditions were achieved
when the temperature was 61 c®, the overpressure was 25 psi, and the
motion of the top glass was 0.1 in. A photograph taken under these conditions-
is shown in Fig. 6. The comparison of various ionizations can be made. - The
background consists of 90% au mesons with 750 Mev/c momentum. The
'antiprotoﬁ entering at a has an ionization of 1.9 times minimum. The
antiproton charge- exchanges, and the resulting'antine'utron star below shows

five minimum ionizing tracks.

Fatilts of the Chamber

At the moment of 'writiﬁg there is one outstanding problem in the
operati‘on- of the chamber, which has rhore than one obvious solution.) The
hot-water pipes beneath the chamber produce convection currents in the oil,
particularly along the narrow sides of the propane container. These currents
of warmer-oil flow up into the region over the chamber and, because of the
different density and consequent change in index of refraction of the oil, _
produce _irregular blurring in parts of the chamber. These may be reduced
by putting baffles between the top of the propane cohtainer and the sidewalls
of the oil container. They also may be reduced by filling much of :;the space
above the chamber with Lucite. Experiments are under way to test the
effectiveness of the v‘ario{is possibilities,

Difficulties with the lights has arisen from breaking of the leads inside
the caps of the flash tubes, and of the wires leading to the flash tubes. All of
these points are subject to sudden impulsive shocks due to the current in the
14,000-gauss field. In order to reduce these failures, .leads are being more

firmly soldered to the caps, and heavier wires are being used.
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Characteristics of the Chamber

The density of the propane, when the chamber is expanded, is
approximately lg/in. The radiation length for a gamma ray of infinite energy
is 70 cm. '

" The chamber has been expanded nearly 500,000 times, and no major
difficulty has been observed.

The chamber can be removed, cleaned, and replaced in 38 hrs, 8 hrs
of which is required to distill in the propane and to heat the chamber to the
operating temperature of 61°C. _

Altogether, the operation of the chamber can be characterized by the
fact that it has been expanded nearly 500,000 timeé, and no major difficulty

' has been observed.
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Fig. 1. The 30-inch propane bubble chamber, showing

(a) the propane container, (b) the glass windows,

(c). flexible rubber diaphragm between side wall and top-

glass clamping ring, (d) stainless steel guiding rode,

(e) cylindrical ball bearings controlling the guiding rod,

(f) cylindrical Hycar rubber diaphragm, (g) 3/4-in.

Barksdale valve, (h) transducer for measuring the propane

pressure, (i) one of the 13 flash tubes, (j) opal-glass

diffuser, (k) venetian-blind light collimator, (1) two of

the four viewing ports in the top of the chamber, (m)

thermocouple for measuring the propane temperature,; -

(n) propane fill tube, (p) water tubes under the chamber,

(q) water tubes in the upper part of the oil container,

(r) water tube around the top cover plate, (s) water tube
_around the bottom of the oil container, (t) nonmagnetic
‘steel region, (u) copper sheet, (v) Mylar sheet,

(w) polyurethane sponge, and (x) copper sheet.
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ZN -1931

Fig. 2. A. Transducer signal A and rectipot signal B. The
top sweeps are 10 msec, the middle sweeps are 20 msec,
and bottom sweeps are 50 msec.
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Fig. 3. The 30-inch propane bubble chamber in its magnet,
showing (a) iron slab forming the bottom of the magnet,
(b) bottom copper coil, (c) iron cylinder, (d) four iron
posts supporting top slab E, (e) upper iron slab,
(f)upper coil of the magnet, and (g) return paths.
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Fig. 4. Plot of the magnetic field with a magnet current of

1100 amp. The three curves are for (a) 3 in. above the
median plane, (b) at the median plane, and (c) 3 in.
below the median plane. - ~
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ZN-1933

Fig. 5. Photograph of the console.
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ZN-1932

Fig. 6. Photograph of an antiproton entering at the arrow with
an ionization of 1,9 times minimum and charge exchanges
at an energy of 50 * 30 Mev. The 5-prong star below
is produced by the annihilation of the resulting antineutron.
All tracks of the star are at minimum ionization.





