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ABSTRACT °

A bismuth fission. chamber of greatly improved sensitivity ie described
It responds to neutrons or protona and has a threshold of 50 Mev
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. The ion chamber that is described was intended for health physice surveys
. of neutron and proton fields, as well as for appliéétions in cosmic-ray and high- A
energy nuclear physics research. The methods of chamber design that have been
developed in the course of this work are applicable to the construction of any pulse
ion chamber in which it is desired to have a plate area on the order of 50 square
feet. The large electrical capacity of such a chamber had been a deterrent to its
use ig;'-ihe past. - The senﬁtivity that has now been achieved is one count in
'approximatély 300 very-high-energy neutrons per em?. ‘
v 'In order to eliminate response to y rays and nuclear star events it was
_ de"cided to use a material to coat the ion chamber plates that would have a high
 figsion threshold, and then operate the device so that only fission eveats could be
. -détec,ted.' At energies above 1 Mev bismuth is the 6nly element suitable for this
purpose. 1 its fisesion threshold is near 50 Mev for either neutrons or protons, end
by 270 Mev the cross section has riesen to 180 millibarns., We do not have measure-
‘ments at greater energies than this, but there is reason to believe that the cross
section does not rise much higher

The fission fragments from Bi have a range on the order of 1 mg/cmz, and
there ie some evidence that; only the top 1/2 mg/cm‘Z of a Bi coating can be thought
of ag ‘'effective’ in producing detectable fiesi?an events. A6 a result it was decided
to space the plates 1/4 in. apart thus providing approximately 1 xhg of gas path |
_ length_' when the préssu.re is 1 atmosphere and the fragment travels perpendicular
to the plates. Owing to the very limited effective depth of the bismuth it is
necessary to provide a very large area in order to have a eig'niﬁca‘ns counting rate.

! E.L. Kelly and Clyde Wiegand, Phys. Rev. 73, 1135 (1948).
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" Bismuth fission chambers have been made before, 2. But not with nearly the area
in this one. The total area of the plates in our present chamber is 63,000 cm;.
s0 that we have 31.5 grams of effective Bi, even though the coating is actually

1 mg/cmz deep. , .

The vacuumtight case of the ion chamber shown in Fig. 1 is made of 1/2-in. -
thick aluminum with a ﬂangé. gasket groove, and lid at each end to facilitate. |
assembly. Inside the chamber 43 plates 12 in. in diameter and 0.040 in. thick
are spaced 0.25 in. apart on eight rods. Alternate plates are supported (as -
one unit) by four of the rods, but are separated Ab,y the 0.25-in. epacings from
thé ‘other plates and their four supporting rods. The rods are fastened at each
- end to heavy rings, in turn held in place in the case by eight radial set screws.
This rugged cons;ruction was chosen to reduce microphonic response. The plates
are coated on each side by vacuum e{rapo‘ration of 1 fhg/cmz of Bi.

It wag at first intended to connect the plates in series, using a voltage of
about.5 kv across the whole stack to provide a field strength of about 200 volts/cm.
It was found that the series connection did not provide uniform or adequate
‘sen,sitivity across the stack, and therefore fissions occurring on more remote
plates could not be detected with equal sensitivity. In addition, the high voltage
necessary'for the series connection gave rise to high-voltage breakdowns. A |
‘simple connection of alternate plates in parallel, while it permitted use of a low
voltage, gave an electrical capacity of about 8000 pypf, which made the signals
. much too small to detect. In order to isolate each plate and yet take advantage -
of the large total area of the 43 plates, alternate plates were counnected to
individual triodes, and the plates of the triodes were tied together. This system
did not work because the noise of all the triodes was competing with a desired |
‘ signal from only one. ) )

What was needed was a method of allowing one of each pair of plates to be"
connected to the input of the preamplifier when a sxgnal was available between that
parncular pair of plates, but having the capacity of that pair of plates disconnected
‘when such a signal was not present. This: desirable arrangement (as suggested
by William Goldsworthy and James Robison of this laboratory) ie achieved by
the connections shown in Fig. 2. One set of alternate plates is connected directly

to the negative side of a 300 v battery through a simple filter. The plates of the

2 -ClydetWisgand, Rev. Sci. Instr. 19, 790.
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£ '-"xl_fvci':'ther_ set are connected to one another by 200 -phenry inductances forming, in

“"".'c'on'junction with the intérplate capacitances, a delay line. To eliminate reﬂectiqﬂs,
one end of this line is terminated in its characteristic impedance by a 750-0
_ | resistor. The other end of thie delay line is connected to an auto pulse transformer,
f?-_, givmg a 5-to-1 voltage gain. This provided better impedance matchmg to the. m-
put of the preamplifier. : '
R There is a § psec délay dewn this enhre line ThHéreforsa partxcular aignal J
"may ’be delayed from gero to § psec.. If it were desired to do coincidence work to
better than Sp.aec. both ends of the delay line could be brought out, and if the
re«snlting double pulses were photographed " the location of the pulse in the chamber
&l«ong with its resulting delay could be determined to perhaps 0.25 peec.

i - .The signai t‘rom the pulse transformer is amplified by 100 db by & low-
qise preampliﬁer and low-noise linear amplifxer of UCRL design. The aver'age "
e‘ignal coming from the pulse trancformer is about 100 pv. Since the countiug
ratee ‘'with this chamber are often quite low, in apite of the large amount of
_'ffective bismuth, the pulaes coming from the linear amplifier are both photo- o
‘graphed and recorded in duplicate on registers in order to have a check on the
T’;i"-lcmg time stability of the electromc circuits. A conventional driven-sweep
o oscilloscope and moviug*film camera are used. Calibration pulses of a known"
’_-‘siz_e are automatically fed into the circuit between the pulse transformer and-
“preamplifier at regular iantervals and recorded on the film as & check of
'i"'c!l"iability. The diecriminators controlhng the ragistera aré gated off when
lthe calibratmu pulses are being fed in. ' S
%% " The chamber is filled to 20 1b/in® absolute with 95% A and sézo co,. It -

' ‘41__:~;has been found that this is an optimum pressure; more pressure increaees re‘«-‘
o combination and less pressure allows the average fisainn frAgment to hit the
'_'oppoaite plate beiore the end of its range. It has been fouud by reversing the
g . polarity. that the. biamuth on both the delay-line -collector set of plates and the

i ".'hxgh «-valtage set is effective. That on the high-voltage set of plates is about 2.

"to 3 times as eﬂective ae¢ that on the delay-line set. '
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As the 184.inch synchrocyclotron is not in operation at present, the chamber
has been partially calibrated during a run at the:, UCRL Bevatron. Here 6.2-Bev
protons struck a target, p.roducing a variety of particles. The magnetic field of
the Bevatron deflected all the charged particles away from the chamber, leaving
principally neutrons and y's of several Bev. A tranpition curve shown in Fig. 3
was run using 0, 0.5, 2, 6, and 12 inches of lead. A twin chamber héving no bismuth
was used to subtract any effect that might be caused by the aluminum plates. Above
‘& few volte bias this subtraction proved to be amall., The small slope of these curves
is consistent with the attenuation of neutrons by lead and is equivalent to a mean free
path of about 200 grtmu/cmz, which is as close to the geometric cross section .
mean [ree path for lead of 180 grams/ cmz as can be expected of these rough preliminary
measurements. Apparently the response to y rays, known from other experiments to .
constitute about 1/3 the neutral particle beam, is quite small, for no steep attenuation--
which would be characteristic of y-rays.-is seen at all.

The relative integral bias curves for the chamber with the bismuth and for the
twin control chamber without the bismuth are shown in Fig. 4. It is seen that under.
the worst conditions at 10 volts the ratio is 4 to 1, but that this has risen to 25 to 1
at 20 volts and above this is as much as 500 to 1. The difference in slopes of the
bismuth and nonbisrmuth curves is interpreted as an indication that the processes
responsible for the pulses are fundamentally different, namely heavy.element
fiesion on the one hand and lig.ht-element star formation on the other, |

During the Bevatron run a comparison was made with a previously calibrated .
chamber containing 1 gram of effective bismuth and having a sensgitivity of 1 count
per 104 neutrom/cmz at 290 Mev, It was found that the large chamber had a counting
rate, when extrapolated to zero bias, 37 times that of the little chamber, which is to
be compared with a ratio of about 21 {n the amount of effective bismuth contained.

This measured ratio gives a sensitivity of about one count per 300 very-high-energy
neutrons per cmz (assuming that the fission crose section does not vary rapidly
with energy above 300 Mev).

A cwzsz
but for simplicity has not been shown in Fig, 2. The high voltage to this source can
be switched off or on from the cutside, making a fairly high counting rate of bona
fide fission pulses available at any time for circuit test and calibration purposes.

spontaneocus fission source has been incorporated into each chamber,
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S ,,"The_ T}integral bias curve arising from 500 Cf?“sz pulses is shown in Fig. 5. That the slope

of this curve is much steeper than that arieing from the bismuth fiseions is interpreted
as a result of the difference in the mechanics of the two fission processea themselves,

and of the fact that the G2 3
' This chamber will stometimes be used in the presence of charged particles, such

is extremely thin.

Aas_‘very-highu-pne,rgy protons and pione, which can initiate fisgions as easily as neutrons
can -fzégauee fhei: energy is so far above the Coulomb barrier potential. In order to
-Asepa'rate the effect of the charged particles a complete blanket of Geiger tubes is
being constructed for the bismuth-containing chamber, and each figsion event will
be xecorded as belng either in coincidence with a Geiger pulse or not.
. . The authors wish to thank the operating crews of the UCRL 184.inch cyclotron
_ '}atid Bevatron for their cooperation in the experimental calibrations of this fission
chamber.
This work was done under the auspxces of the U.S. Ato:mc Energy
: "Commxssion.
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Fig. 1. ; Vacuum'caée of bismuth fission chamber made of 0. 5‘ in. -thick dural, .

The low-nome preampliﬂe re and signal control box are showa on top of
the chamber '

' Fig. 2. Schematic diagram of the interior arrangement of the bismuth fission
 chamber. The plates.are seen to be spaced by ceramic insulators and
washets along bars which are in turn held to the case by supporting rings
at each end. Half the plates are connected to th‘e?"béttei'y contained in the"
signal control box on top of the chamber. The ofﬁer_half of the plates are
connected in series ithrough 200 -microhenty inductances; making them
into & distributed delay line having an' over-all delay of about 5 micro-

s

seconds.. One end of the line is termmated in its characteristic m':pedance

. of 820 ohms, while the other end of the line is connected to an autotransformer

which serves to match impedances,

Fig. 3. Transition curve for various thicknessea of lead up to 12 in. for the
neutral beam of the University of California Bevatron. ‘These curves
indicate that there ic no measurable response to gamma rayé, e_veﬁ though
these are known to constitute a major part of the neutral beam. The slopeé'
of these curves are consistent with the attenuation of neutrons by lead.

e

Y

Fig. 4. Integral bias curves for the bismuth-coated chamber and for its twin
with no bismuth. Above 20 volts bias the ratio of counting rates is as much
ag 500 to 1.

Fig. 5. Integral bias curve of 500 californium-252 spontaneous -fission pulses.
The steaper slope of this curve is thought o arise from the difference
between the spontaneous californium fission and the induced high-energy

neéutron fission of bismuth.
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