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Introduction 

/ / 

There are two general types of neutron detectors? 

the scintillation counter and the gas filled counter* 

The scintillation counter depends on the fact that 

certain crystals produce fluorescent radiation when 

traversed by ionizing particles* When used to detect 

gamma radiation or neutrons, the ionizing particle is 

supplied by either a Compton electron from the gamma 

or a recoil proton from a neutron collision in the 

crystal* The fluorescent radiation so produced is 

piped to a photomultiplier tube to produce a pulse. 

A gas filled counter also depends on the presence 

of a charged particle in the gas. If neutrons are 

to be detected this may be produced by a nuclear 

reaction, as in a BF-j counter, where the 

reaction has a high crossection, or else by a recoil 

nucleus, as in a E&rdrogen or Helium filled counter. 

The charged particle will travel a certain distance in 

the gas, depending on its energy and the gas pressure, 

and create ion-pairs as it travels. By applying a 

suitable voltage to a center electrode, either the 

positive ions 04- the electrons may be collected to 

give a pulse. 

Since a crystal has a higher density than a 

gas, for a given volume counter the scintillator 
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will be more efficient than the gas counter} that is* 

the counting rate will be higher, which is usually 

desirable. However, when detecting low energy neutrons 

in the presence of gamma rays, certain problems arise 

if crystals are used, if the crystal is 3.arge enough 

to give a good counting rate, then the pulses from 

the electrons produced by the gammas are the same 

order of magnitude as those from the recoil protons. 

One way of overcoming this difficulty is to make the 

crystal smaller than the electron range so that the 

pulse is not full size. Within limits this will not 

affect the size of the neutron pulses since the recoil 

protons have a much shorter range. 

Counters such as this have been made at the Rice 

Institute*^ using several small orystal spheres 

separated by glass walls to prevent electrons from 

passing through more than one sphere. The spheres 

were all about five mm. in diameter. It is, of course, 

necessary to match all the spheres to give approxi¬ 

mately the same shape differential bias curve. However, 

below three Mev neutron energy this method is no longer 

practical because of the small alfje of the crystals 

needed. 

A gas counter, on the other hand, detects gamma 
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radiation by the ionization of the gas by an electron 

ejected from the wall of the counter. These electrons 

are produced either by the photoelectric effect or, 

If the gamma ray energy Is above 1.02 Mev, pair 

production may enter into the process. The pulses 

thus produced are much smaller than those from a 

nucleus recoiling from a neutron collision, so that 

the gammas may be discriminated against and the 

neutrons counted. 

Helium Proportional Counter 

It was the purpose of this work to construct a* 

Helium recoil counter to detect neutrons of less than 

three Mev energy in the presence of strong gamma rad¬ 

iation. The counter was to be operated In the 

proportional region of the gas multiplication curve 

so that the pulses from it would be strictly proper?* 

tional to the energy of the ionizing particles. 

The physical size of the counter was limited by 

the fact that it is to be used for the measurement of 

neutron scattering crossections and must be small 

enough to fit in a five-eights inch hole drilled in 

three inch diameter spheres of various elements* The 

counter should also be spherically symmetric for 

neutrons and its counting rate should be at least 
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as high as one of the multi-sphere crystal counters 

\<rhich were used for the same purpose at energies 

above three Mev. 

In the Interests of the symmetry mentioned above* 

the collecting electrode was made 9/32 of an inch 

long, the same as the Inside diameter of the counter. 

This gives an effective volume of 2.5 cm.-^. 

It was decided to compare the counting rate of 

this counter to a crystal counter composed of eight 

1*5 mm. diameter Anthracene, (GglfyCH^? spheres. Using 

the figure 1.25 grams/cm.3 for the density of Anthracene, 

the total number of hydrogen atoms in the crystal 

counter was computed to he: 

N =5*84 x 1020 

This means that this same number of Helium atoms 

would be necessary in thegas counter in order to give 

the same counting rate, assuming that the neutron cros- 

sectlons are the same for hydrogen and Helium, which 

is true at about 3 Mev. Knowing the number of atoms 

desired inside the counter, the needed pressure was 

caletilated from the perfect gas law to be 9.5 atmos¬ 

pheres. 

At this pressure the counting rate for three Mev 

neutrons should be the same for the two counters, 

except for the angular distribution factor. When 
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counting neutrons in a non-elastic scattering exper¬ 

iment, only the last 15/o of the angular distribution 

or bias curve is counted, These pulses correspond 

to neutrons of at least 85$ of the incident neutron 

energy* 

YThen the pulses originate from hydrogen recoils 

this angular distribution factor does not change with 

energy, since the neutron-proton scattering is 

isotropic. However, in a Helium recoil counter the 

angular distribution is not isotropic, and therefore 

the last 15$ of the pulses energy-wise is usually not 

15% of the total number of pulses, and the efficiency 

of the counter varies because of this, apart from 

the variation pausediby the change in neutron eros- 

section. 

The angular distribution for neutron-alpha scat¬ 

tering has been determined experimentally by Adair^2) 

for several different neutron energies, from 400 Kev 

up to 2730 Kev, and using this data the efficiency of 

the Helium counter was computed and then extrapolated 

to 3.5 Mev and the experimental comparison normalised 

to the known counting rate of the Anthrcene counter 

at 3*5 Mev. These relative efficiencies are given 

in graph 4. However, when viewing these relative 

efficiencies it should be remembered that the Anthracene 
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counter curve is for a fixed volume of Anthracene, 

the volume of eight 1.5 mm* diameter spheres. This 

counter will not serve for neutron energies less 

than 5 Mev because then the gamma ray pulses become 

comparable in size to those of the neutrons. If a 

counter with this volume of Anthracene is to be used 

for two Mev neutrons, instead of eight spheres 1.5 

mm. in diameter, it would have to have 46 spheres 

0.42 mm, in diameter. For one Mev neutrons, it 

would need 1230 spheres 0.14 mm. in diameter in 

order to keep gamma ray pulses from interfering \fith 

the counting of the neutrons. In addition, each of 

these spheres would need to be separated from the 

others by a sufficient amount of transparent material 

to keep an electron from passing through two or more 

spheres. This condition would make the physical 

size of the counter excessive. 

Since the Helium counter will often "be inserted 

in a metal sphere, where the top will touch the inside 

of the sphere, one end of the center wire had to remain 

free. This made it necessary to choose a wire large 

enough not to bend or vibrate. 

This combination of relatively large diameter wire 

and high pressure required potentials of the order of 
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3000 volts, which made it necessary to be exceedingly 

Careful not to have any sharp points or edges inside 

the counter. The glass-to-metal seal used to bring 

the high voltage Inside the counter had approximately 

one-quarter inch of metal tubing protruding into the 

counter beyond the glass shield. In earlier models 

the end of this tubing was covered with a polished 

lead bead to prevent spurious breakdown. It was found, 

however, that this lead bead was evidently distorting 

the electrio field, and a shield made of Teflon ( a 

polymer, with approximate formula OFp ) was used instead. 

The tubing was cut down to one-eighth of an inch, polished, 

and the Teflon sleeve three-eights of an inch long slip¬ 

ped over it so that the Teflon extended down to the glass. 

On the end of the center wire, which was three mil 

Tungsten, was placed a small glass bead. Figure 1 shows 

the completed counter. 

The gas used in the counter at first was ordinary 

tank Helium with a three to four percent .Argon impurity* 

In an attempt to Improve performance spectroscopically 

pure gas, both Helium and Argon, was later used but 

little if any improvement could be seen. It was found 

necessary to add the Argon to keep the counter charac¬ 

teristics from changing radically with a small change 

in the applied voltage. 
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At a pressure of 180 psig (13 atmospheres) the 

counting rate was approximately what it was calculated 

to be in almost all models. Therefore the performance 

of the counter was judged by the shape of the dlfferen- 

tial pulse-height curve at a neutron energy of one 

Mev. It is at this energy that there is a peak in 

the neutron crossection for Helium and so the counting 

rate would be highest here. The differential pulse- 

height curve corresponds to the angular distribution of 

recoil alphas from neutron collisions. For the theor¬ 

etical shape of the angular distribution curve the data 

obtained by Adair^J was used (graph 1). 

All data was taken using neutrons from the 

reaction and a proton beam produced by the Rice Institute 

6.0 million volt Van de Graaff accelerator. Pulses 

were amplified by an Atomic Instrument Go. Model 204-B 

linear amplifier and then sent to a Model 512 five- 

channel pulse-height analyzer and Model 133 five-channel 

decade scaler. 

On the final counter model the data taken is given 

in graphs 2 and 3* Graph 3 was taken with the counter 

axis parallel to the neutron beam and graph 2 with the 

axis normal to the beam. Agreement between these 

graphs and the data obtained by Adair for one million 

volts is seen to be fair. 
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The absolute effioienoy was calculated using a 

calibrated Tritium target which yielded.1*7 x 10^ 

neutrons/steradlan/high-integrator count at zero 

degrees to the beam and incident proton energy of 

1.73 Mev. With the counter placed 11.4 centimeters 

from the target and biased to count 15$ of the neutrons 

the counting rate was 0*56 countB/high-integrator. 

.Using'a counter area of one square centimeter this 

gives a solid angle of 7*7 X 10~3 steradians and an 

absolute efficiency of 0.25$ for 1 Mev neutrons. 
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