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ABSTRACT

The report describes a simple and reproducible 4 A Polythene

geometry incorporating He-3 detectors for the calibration of neutron

sources. The response of the system has been shown to be constant in

the energy range of 2. 1 MeV td 4. 5 MeV, using radioactive neutron

sources standardized with an improved manganese bath technique. A

a

wide range of neutron sources having emission rates in the range 10

to 10 neutrons per/sec. can be calibrated using this detector with an

accuracy of about 6%. It is expected that like the Precision Long Counter,

this detector could serve as a secondary standard for the calibration of

neutron sources.
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1. INTRODUCTION

For the calibration of neutron detectors and dosimeters, well cali-

brated radioactive neutron source standards over a wide range of neutron

energy are necessary. In primary standard laboratories these sources

are calibrated with a manganese bath system,' ' and an absolute counting

technique such as a 4 up* coincidence system, for absolute counting of

Ma. Such an elaborate system is not always accessible for many labora-

tories and is necessarily time consuming. The present report describes

a precise moderating assembly which is proposed to serve as a secondary

standard for the calibration of neutron sourcos. This standard geometry is

quite simple in its design and consists of a polythene block (60 cm X 60 cm X

44 cm), incorporating four horizontal He-3 detectors to obtain 4 j \ geometry

and with a re-entrant hole at the centre for the placement of neutron source*

as shown in Fig. 1.

2. DESCRIPTION OF THE SET-UP

The present experiment was performed using a single He-3 counter

with d. resolution of 10%. The counter was procured from 20th Century

Electroaics U. K. and has a filling pressure of 1 atmosphere and & sensitive

length of 15 cm. The amplifier gain and the discriminator bias are set by

a criterion of adjusting two particular counting rates relative to each other



-2-

• for an Am-Be source. One of them 1B chosen at the most rapidly varying

part of the distribution (Fig. 2). The ratio of these counting rates is given

by the equation.

C (3.0V) = (20+ 1.0) C (4. 87V)

-where C represents the count rate at the bias shown in the bracket. The

lower bias is than used as the operating point. For this gain setting the

thermal neutron peak was at 4. 6 V and the characteristic rate was found to
*

be 2614+_ 30 C/Sec., for the 500 mci Am-Be source. The background count

rate was found to be 2. 4 counts per second for this setting. The detector

has a very low y -sensitivity and a 100 mci radium source kept at the centre

of the assembly gave a count rate of only 15 c/sec,.

3. MEASUREMENTS

The response of the detector in fixe energy range 0. 04 to 5. 0 MeV

has been measured using standard neutron sources such as So/Be (Tf, n)j

Cf-252; Ra/Be {<<, n); Am/Be (, (, n); Pu/Be («<, a). These sources were

positioned in the re-entrant hole such that their Centre was always at a con-

stant height of 2 cm from the bottom. All these sources were standardised

absolutely by an improved manganese bath pumping technique' ' which con-

sists of a spherical tank containing approximately 27% by weight medical

grade manganese sulphate solution. The solution is continuously stirred and

pumped in a closed loop through a detecting system having a 3. 8 cm X 3. 8 cm

Nal (Tl) crystal at its centre. The gamma efficiency of the system is deter-

mined by introducing a standard quantity of 5^Mn into the tank solution.

Various corrections such as leakage of neutrons from the tank, fast neutron
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absorption in oxygen and sulphur, absorption of thermal neutrons in the

source, resonance absorption in manganese as well as neutron multipli-

cation due to fission have been applied, where ever necessary. The

characteristics of the various sources used and their measured efficiency

values are shown in Table 1. A straight line of the form £ = aE + b was

fitted to the data. The values of the constants 'a' and 'bf obtained from

the least square fit are

a = 0.132+ 0.003

and b = 2. 105 + 0. 06

where efficiency £' is given by C/Q i. e. count rate per unit emission rate

of the source and 'E' is the average energy of the source in MeV. The absolute

efficiency versus the average neutron energy plot is shown in Fig. 3. The

data for the Sb-Be source is excluded from the fit as the efficiency drops

to about 36% of the value for the other sources. The efficiency of the

detector is thus found to increase with a slope of 4. 8% per MeV in the energy

range 2. 1 to 4. 5 MeV and is about 0. 26%. The efficiency would be 1% if

four such He-3 counters are used. The efficiency is found to decrease to

about 0. 09% at 0. 04 MeV. The system is yet to be tested in the energy range

0. 04 MeV to 2. 1 MeV and above 4. 5 MeV. In order to determine the variation

in the response of the counter with the height of the source from the bottom of

the re-entrant hole, a small 40 mci Am-Be source 15 nun X 7. 8 mm was

used. Fig. (4) shows a plot of relative count rate versus source height, ft

can be seen that the count rate changes approximately by 4. 6% per cm.

However it is estimated that for source length up to 4 cm, a maximum



correction of about 1. 3% has to be applied to take into account the variation

in count rate as a function of height provided that the source centre is

always maintained at a constant height of 2 cm from the bottom of the re-

entrant hoi is.

4. RESULTS AND DISCUSSION

In practice it is required to calibrate neutron sources having

4 6

emission rates in the ringe of 1CL to 10 a/sec. With the present set up

using a single counter, sources having strengths as low as 10^ n/sec can

be calibrated. Incorporation of four such counters results in an increase

l,i the efficiency and eliminates the source anisotropy effect. Arrangements

are being made to obtain the same result but with.a lowec efficiency by rotat-

ing the source along its vertical axis with a uniform velocity. Efforts are

also being made to design.an optimum shield to reduce the background to

external sources. A 4 n neutron detector'*' has been previously designed

incorporating 12 B*" F, counters embedded In a 60 cm cube of paraffin.

However for this counter the response is shown to be constant in the energy

range 0.1 to 2. 5 MeV and falls to 65% at 5 MeV. Further the design is

rather complicated as several matched counters are incorporated. The

present set up is comparatively simple in its design and it is expected that

just like precision Long Counter' ' this detector when fully developed, could

serve as a reproducible standard geometry with specific characteristics

for quick but precise calibration of neutron soarces. The detector has the

advantage ovei the PLC, for problems such as contribution due to scattered
I

neutrons and variation of effective centre with energy are not encountered.
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It is concluded that tha detector assembly described in this report has. a

uniform energy response in the energy range 2. 1 MeV to 4. 5 MeV and a

wide range of neutron sources having emission rates of 103 to 10 n/sec.

could be calibrated by this simple and reproducible detector with an

accuracy of _+ 6%.
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TABLE. I .

SOURCE

SbZBe(v.n)

Cf-252

Ra/BeKn)

Am/Be Kn)

Pu/Bel^n)

En (Mev)

004

2-1

3-9

4-4

a (n/Sec)
AS ON 23-12-75

1-584 X 105

07345 X106

1-204 X10 5

9-901 X105

1-785X105

EFFICIENCY X103

(COUNTS/NEUTRON)

0-94 ± 0 0 4

2-38 + 0-13

2-63 ±0-12

2-64 + 0-05

2-73+0-07

•eoo

woo

7200

6000

: * « 0 0 -

3600

2*00

1200

F I G . 2 T - P U L S E HEIGHT DISTRIBUTION FOR

THE He-3 DETECTOR

* OPERATING BIAS

RESOLUTION 10 %

VO 20

3-0 V

CHANNEL NUMBER
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Fig. 3 Absolute Efficiency for Polythene Assembly.
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