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Some further tests have been mude on the flat respcnse neuiren de-
teetor desﬁribed in CF~212 and CF-618. 'These *tests were made in order o see
iff such a detector would be useful in delermining the ecapture cross section

of certain materials and also to see if nsuch a detector when calibrated could
,,.be used to meke neutron flux measurements in thé eneryy region frcm 30-300 kv,

Specifically,ftestsvhave been made on three diffirent detectors:

1) The one reforred to ébgve, which consists of n ByC lined central
deteetor 20 em long snd 3/4' in diametgr surrounded by a cylinder of paraffin

20 em long and 17 cm in diemeter.

2) A detector lined with a thin film of 25 surrounded by the same

amount of paraffin as above but also shiclded hy an additional 13® of paraﬁa
i fin and 3" of ByC (see fige 1). This shieid.was to keep the counter from

‘ - pieking up noubrons scettered around the laboratoir. This counter also has
the advantége that its calibration is psymaneni giaee the fission pulses afe

easily detected and it is easy To be ceyiain that practically all fissions

: 3 ) . ¥ S o
_ ere counved, It is hoped that this detector will ile useful in determining
3 Q‘ relative neutron flux.
& - _
_3 gk 3) A more sensitive detector which is to be used with radicactive
2
S <
‘2 g;y sources. The central part of this detector consistn of = tubuwlar ionization
a :
=) :
z—-—__:-gﬂ‘ chambey 20 en long end 1%Y In dlameter wpigl o stmosphere
= . 1
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of BFg. This detector is surrounéed by a cylinder of parsffin 8" in diameter

and 10" long. ., . T
AtThese'défecﬁorvtests will be reféfred to as detecﬁdrzl, 2, end 3.

Aﬁé%her deteciéé’USing a B?B proportional counter as the sensitive ele-
ment is now being ccnstrﬁcted and. would have some advantages for use near strong
3’- 7oy Sources.

The tests on these detectors can be grouped under the following headipga:
1) Efficiency of detection; 25 Inter-comparison tests with the Li{p,n}
sourze, Y-Be and RaBe sources; 3) ILffect of surrounding source with graphite
10" in diameter, and a pavaffin sphere 6" in diemeter; 4) Sensitivity %o neu-
trons scattered around room; 5) Variation of sensitivity with the direction
of incident neutrﬁns; and é) Effect of 7-Tays on counting rate.

These tests ave by no means complete and sre being continued. The rea-
son for reporting them at this time is to present existing evidence on the be~
havior of these detectors so that the advantages and limitations of present

detectors can be evaluated in terms of their uses in specific experiments.
P

.Efficiency of detection

The efficiencies for detection of RaBe neutrcns by these three detectors
are based on the neutrons which strike a paraffin face 7" in diemeter. These
efficiencies ere .012 per cent, .0015 per cent, and 0.5 per cent for detectors
1, 2, and Q,respectivelyn The highest efficiency counter filled with BFg is
very convenient to use with radicective neutron sources and gives about 800
counts per minute from a 200 mc RaBe source placed cne mater from the faze

L]

of the detector.
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‘T, TESTS WITH VARTOUS CALIEBRATTD SQURCRS

& comparison of the yield of neutrons in the forward dlrection from
the Lﬁ(p,n) gource as teken with dedtectors 1 and 2 ave shown iu Fig. 2. Tt
is seen that the itwo detectors agree quite well with the yleld cu&ve as taken
with & recoil counter and an ionization chamber. The-higher value obtained
by detector 1 at the valley in the yisld curve is attributed to scattered neu~
trons which are picked up by detector 1 much more than by detector 2, Kll dala
except that for detector 2 are teken from CP-618. It is fairly safe to say
from these measurements that the response of the detectors is flat from 1.8 Mew
to 0,3 Mev. A similar result was obtained for deﬁector 3 by observing the
relative counting rates obtained from calibrated Y-Be (200 XV) and mesothorium-
Be {800 RV) sourees, the actupl value obtained indicated a sensitivity ~2 per
cent greéter for the 800 KV source.

An attempt was made to calibrate detectors 1 and 2 by determiﬁing the
flux from the Lifp,n) reaction for 1 Mev neutrons using 1.6 Bavns as the cross
section for 25 and measuring the fission rate in 25 samples of known mass, Us-
ing the detector sensitivitles obtained in this way, and the strengths of the
radionctive sources as given by A. C. Graves, the number of counts from n Rele
source is 20 per cent too low for counter 2 and 30 per cent too low for counter
1. Using a calibrated Y=Be source (~~200 KV neutrons) as a standard gives a
value for the ieBe souree which is 20 per cent low as measured by detector 1,
15 per cent low as measured by detecihor 2, but only 1 ver eent low as measured
by detector 2. The most likely interprétation éf these results ars that these
detectors are somewhat less sensitive to the fast RaBe neutrons. It would be

very interesting to have a better radioactive source of fast neutrons for these
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of 2-3 Mey and would be mors idesl Tor such tests. 846 far no such sourcs

of sufficient intensity has'hesn dvailable.

The results mentioned above, however, do seem to indicate fair agree-

ment between 1i(p,n) and the 7=Be calibrations.

Effect of Surrounding Scurces by Grapbite Svherce 10% in Diametler and by a

Paraffin Spheye 6% ir Dismetexr

1% was estimated by Konopinski and Serber that the 10% graphite sphere
would reduce the average energy of the neutrons from a ¥-Be source (initially
~200 XV) by about a factor of 2 or 3. This sphere is therefore a rather
moderate degrader and is useful in establishing the reliability of such a
counter in determining the amount of capiure in metals where the degradation
is not severe. |

| The 6" paraffin sphere is & much stronger degrader end is a very se-
vere test on the behavior of the detectors.' 4 rough celeulation of the effect
of the 6" sphere was made by Christy and he obtained the following results:
5 per cont of neutrons would be capturéd in paraffing 5 per cen® would be sb-
sérbable by cadmiuvm; 40 per cent would have energies above 100 KV; 50 per cent
would be in an intermediate group with an average energy of about 5 kilovolts.

&n independent estimate of the number of thermals from the 6" paraffin

sphere was made by observing the counting rate in a BF3 chamber filled o a
known pressure and placed at a known distance from the source. Using a cross
section of 500 Barns for these neutrons we found that 7 per cent of the initial

number of neutrons came out of the sphere as thermals. According to diffusion
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theory the number of thermal neutrons which are captursd can be expressed as:

N, B2 B
R "l
e 22 ?

where Ng is the number of neuvirons which escape out of the paraffin.

total number of neutrons captured in the paraffin sphere.

q

g

R

radiug of the paraffin gphere.

L = \éiffusion length of thermal neutrons in paraffin,
(taken as 2.1 cm).
This relation gives 9 per cent as the fraction of the initial number
of neutrons which are captures in the paraffin sphere. -

A gimilar experimental estimate was made of the number of thermals

getting out of a source consisting of the Y=Be sourceAin a 3" paraffin spherse.

The result was 17 per cent thermal, 16 per cent ceptured in the pareffin sphere,

and as estimated by Christy the remainder was degraded to an average energy of

around 1 xv(

The comparigons of the sensitivities with degraders to that of the bare

sources are as follcws: where Sp, Sgs Sg, and Sp end cd mean the counting

rates of the detectors whers the source ls surrounded by paraffin, nothing,

graphite and paraffin plus cadmiunm,

1, Yor RaBe neutrons on detector 1:

Sa o
— - 0997 :‘t 303
g

g Sb + €4

b

2]

- 92 TR et
a
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. For {Be neutrons on detector 1:

G
'g“ = N,98% t .03

2. RaBe neutrons on detectx 2

3y
'&:3 = 0,88
Sp . Sp + gd
P LI o o -3 .75
A | 5n 5

Foy ¥-Be \outrons on detector 2:
= 0,927

The vespons: of thiz detector{2) to lower energy neutrons was improved
by making rour 1} holes " deep in the front face of the paraffin.

After thiswodificction, tests were maede with the Ra-Be scurce with

the following rarrits:

Sg
- = 0,98 % ,02
5B

S'D

‘:’;‘ = N.86

by
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3. For RaBe neutrons on detector 3.

This detector has a cadmium shield over the central sensitive portion

which keaps slow neutrons from getting directly into the BF3 gas. .

S
- 2 +
Sp 0.98 £ 1
S S
P P
- = 0,79 — = 0,7
) ) Sp

Further tests on detector 3 were made using the Y~Be source, bare, in
the 10" graphite sphere, end in a 5" paraffin sphere.

The results were as foliows:

Sa
e = 0098
S
S S. + C&
P
2 = 0.60 = 0,30
Sp SB

Another test was made with a mesothorium berylliuvm source whieh emits

mostly 800 KV neuirons. The ratio of counting rate in the graphite to that

‘obtained directly was
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Effect of Scattered Neutrons

The effeect of scatiered neutrons on these detectors ha3 been ehecked
by placing a 1 foot cube of paraffin between the source of neutrons and the

detector. The remeining count was considered as due to scattered neutrons.

This conclusion was checked by placing e B)C absorber in front of the detector.

The result indicated that for detectors Y and 3 with the source 1 meter from
the deteetor about 20 per cent of the counis were due to scatiered neutrons.
This count is not reduced appreciably by cadmium'around'thg detector. The
effect of scattered neutrons on the shielded'detectof*?, however, was only
about 5 per cent. 'This result was confirmed by measuvements of‘the counting
rate as a function of distance from the Li{p,n) source which indicated that

the inverse 1-2 law held st digtances from 2 to 10 feet from the source.

Anpular Dependenee of Sensitivily

Tke dependence of the gensitivity to divection of two of the detectors
were examined for two special conditions. It is cleax that this sensitivity
will depend quite strongly on the energy of the neutrons.

Defector 2 was votated through 45° and 90° while placed in 2z 1 Mov
neutron fiux from the Li{p,nr) reaction. The relative sensitivities {wuril

ing the 0° value 1.00) were:

0° 1,90
4590 071
900  0.88

Detector 3 was examined with Rafe neutrons both with and without the
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& degrading parsffin sphere. The resulis were

Bare Source inside
Source - 6% parafiin sphere
0° 1,00 0.86
£5° 1.05
90° 1.40 0.99

Effect of Increasing Amount of Paraffin Around the Sides of e Detecior

A test was made on detector 3 to determine the effect of adding 6
more paraffin to'ﬁhe sides of thg detector. Thils test indicated that the
efficiency for undegraded RaBe neutrons could be inereased by 30 per cent.
A gimilar test with RaBe neutrons degraded by the 6" paraffin sphere indicated
that only a 7 per cent increase due to the added paraffin. This seems to in-.
dicate that it is possible to inerease the sensitivity somewhat for high ener-
gy neutrons by increasing the size of the paraffin cylinder around the de--

tector,

Effect of 3/-razs on Counting Rate

A word might be sald about the behavior of the BF3 counter in the pre-

sence of grnrays; The chamber congists of an outer tube 14" in diamefer and

8" long and a central collecting rod 3" in diameter. The seals are of the
Kovar and glass type with a grounded guard ring between the high wvoltage exfern
ior ané the central collecting rod. This collecting rod is connected to a
linear amplifier, The normsl noise lever is equivalent to about 400 kv enefgy.
loss in the counter., Vhen a collecting voltage of 1800 volts is applied to
the counter there is a semiplateau in the bias curve for counting boron dise

integrations which gives a change in counting rate of about i per cent for a

- RS
o v e e

— ==
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change of 4 ver tent in the amplifier gain. If the bias is set so as to

~ just count 800 kv pulses the counting rate is not changed when the 7 vay

intensity is increased by s factor of {wo over that which would be obtained
from a 500 mc source at 1 meter, Detector 2 of course is completely un-

affected by gamma rays since fission pulses are so large as to make any
¥ -vay ioniza%iono ‘
Discussion

Although the results are somevhat quelitative, we might try to
summarize them {or the differeﬁt detectors. It should be remembered that
detectors 1 and 3 are\affected considerably by scattered nsutrons and that
the resulis might be affected by scaﬁéering material in the room in which
it is used. The results will be given in terms of the sensitivities of the
various detectors to nsutrons of different energies. These sensitivities

are listed in the table below and are given as a percentage of the sensiti-

vity to that at 1 Mev.

Detector 1 Detector 2 Deteetor 3
Sensitivity to very high Low Low Good
energy nsutrons from RaBe
Sensitivity to 0.2 to 2 Hev - 100% 100% 100%
nevtrons
Sensitivity to neuitrons of 85% 80% / 80%
5 Kov
Sensivivity to 1 Xev neutrcns ? ? 70%
Sengitivity to thermals 200% 130% 60%

.
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The high sensitivities'of detectors 1 and 2 for thermal neuirons
are due to the fact that there is no cedmium shield over the front face of
the central sensitiwve porfion of the detectors. A cadmlum shield was placed
over this area in the third detector which reduces its sensitivity to therm.
mals by a factor of 2, TFrom the generel behavier of these detectors one
might conclude that detectors of this size and construciion ere quite flat
in the vegion from 0.20 Mev to 2 Wev and that there is a decrease in the

seusitivity'for the lower ermergy neutrons, The sensitivity is probably

around 75 per cent for 1 to 10 Kev neutrons, It might be possible to increase

the relative sensitivity to the slower neutrons by changing the paraffin geo-
netry around the central detector or by suitable use of additional absorbers
or detectors pléced inside the paraffin. ¥ork toward improving these detec-

tors is now in progress.
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