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Experimental Evaluation of Scattered Thermal Neutrons from Various

Jig Materials for use in Fixing Detectors for the Calibration
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Some jigs to fix detectors are used when radiation measuring instruments are calibrated
or reference fluence rates are measured in thermal neutron irradiation fields. In this case,
scattered thermal neutrons from the jigs, in particular, which contain hydrogenous materials,
may affect the results of the calibration and measurements.

In this study, scattered thermal neutrons were measured and calculated to clarify the
characteristics of the thermal neutron scattered from various materials which are frequently
used for the jigs. A spherical BF: -counter of 2-inches in diameter was used in the experiment.
Ratios of the fluence of scattered neutrons to primaries (hereinafter, scattering ratio) were
evaluated as a function of thickness and size of the materials, as well as the distance from
the surface of the materials. The scattering ratios of the jigs that were actually-used in the
calibration were also measured in order to select appropriate materials and thickness for the
Jigs.

It was found that the scattering ratios were saturated with increase of thickness and size
of the materials. The higher values were observed in the case of PMMA and paraffin since
these materials contain more number of hydrogen atoms than the others. The saturated
value was obtained 130% for PMMA and paraffin with the thickness of more than 5cm and
the size of 40cm X 40cm. The results for the actually-used jigs show that the thinner plate
of styrofoam and aluminum reduces the scattering ratio to the value of less than 1%.

The obtained data will be useful to improve the accuracy of the calibration of thermal
neutron detectors and the measurement of reference fluence rates in thermal neutron
irradiation fields.

Keywerds : Thermal Neutron, Scattering, Scattered Thermal Neutron from Materials,
Thermal Neutron Cross Section, Calibration

% . Institute of Radiation Measurement
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BF;
\ Cd plate (8cm¢)
U W L Nuw
N¢
Nths

Nuw : Primary thermal neutron from graphite pile

N: :Fast neutron from graphite pile

Nuw.: Thermal neutron scattered in the room

The broken line shows the thermal neutron through cadmium plate.

Fig.3 Conceptional view of the measurement of primary and
room scattered neutrons in the thermal neutron

irradiation fields
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Material
(40x40%xd cm) .

\ Cd plate (40cm Square)

N thm /:/?1‘ N
N ¢-thm !
sl N,
me /:/*
1>
Nths' — |

I
i
1
'
1
'
'
1
4
i
t
i
'
'

Nu :Primary thermal neutron from graphite pile

N: :Fast neutron from graphite pile

Nun: Thermal neutron scattered by the material

Ne¢-wm: Thermal neutron due to slow—down of fast neutron in the material

N+ :Fast neutron scattered on the material

Nu.-: Thermal neutron scattered in the room, except floor scattering on the
right hand side of cadmium plate

The broken line shows the thermal neutron through cadmium plate.

Fig.4 Conceptional view of the measurement of scattered
thermal neutrons from materials
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Thickness
)

Distance

Size A:I\ /I]\ APrlmary thermal neutrons

U

—

Material (40cm X% 40cmX Thickness)

Fig.5 Conceptional view of thermal neutron measurements to
investigate the effect of material size, thickness and

the distance between material and detector to thermal
neutron scattering

Thermal neutron B F3 tube

S~ il

Fixing jig
,g/(Scm width X 30cm plate)

Fixing table
(40cm X 40cm plate)

Fig.6 Measurement of scattered thermal neutrons from
detector—fixing jig and table
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10° =&
y/4
)/ d
Vi
, y /L/
n/ /
/ , 4
>
10” / - L
] [r - — T —
/ / i O: Alumi
— : Aluminum
I/ -~ @ : Stainless steel
”‘{lf @] APMMA
Ve A : Paraffin
/ / [1: Styrofoam
J M :Balsa
/ 3 < Sillicon rubber
1072 l [

0 1 2 3 4 ) 6

Material thickness (cm)

7 8

Fig.7 Characteristics of scattered thermal neutrons for

the thickness of various materials
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10"
P/ ¥ ?
/.4 T
I ]

A/
/
/
4
QO:40cm square
@:20cm square
A:10em square
A 5cm square
107
0 1 2 3 4 5 6

Thickness of PMMA (cm)

Fig9 Characteristics of seattered thermal neutrons for

various sizes of PMMA

(Saturation values are O:1.3, @:1.1, A:0.69 and A:0.31)
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10:50ecm [
| | @:3.0cm -
A:1.0cm A
1A :0.5cm =
L 10:0.1
10 cm /7
74
/7 ///
- /A
Yl // T
/// /A/
0.5 7 <
L L
pdalva e
[//// //’A
- / '~
7 17 I
=g //,,AJ—-—
o1 ik
. |
10’ 10° ) 10°
Area (cm®)

Fig.10 Relationship between thermal neutron scattering ratio
and area of PMMA plate

10"
10 0 ]
N 1
— } o
- N
D“\\{f} \ \
I~
107" e~ \i\\ =
\\\ > N
\ Ay
~.
Thickness \\
- O:8.0cm o
10 AN:05cm
O:0.1cm
107
10° 10

Distance between material surface and detector (cm)

Fig.11 Relationship between thermal neutron scattering ratio
and distance from PMMA plate
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a—~— 1 L T~
\\\m
B E—
! SA N,
= ) ™~ N
e \ \
~=4 AN
o~ ™\
\_" \\k
N \‘ \[
B~ 1
Thickness Ay
0O:2.0cm
A:05cm
d:0.1cm
10° 10’ 10?
Distance between material surface and detector (cm)
Fig.12 Relationship between thermal neutron scattering ratio
and distance from stainless steel plate
A | - e
S e =S
\'LJJ\\\ \r\
!
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S SN
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& R AN
\ [ \\
\¢\\ N
\{L\:Il:\
S
Thickness 18]
O:40cm
A:20cm
[1:1.0cm
N |
10° 10" 102

Distance between material surface and detector (cm)

Fig.13 Relationship between thermal neutron scattering ratio and
distance from balsa plate
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10°
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107" ?
T ——
1 I~
[ — il A N
[ N~ N
\\U\ \
107 Thickness
0O:20cm
A:1.0cm
[1:0.5cm
1073
10° 10 10°
Distance between material surface and detector (cm)
Fig.14 Relationship between thermal neutron scattering ratio
and distance from aluminum plate
10°
O.\\—
o s
— e ~
- ~
o —— ~ e
\\\f?\ \
107 — Thickness \3
—10O:10cm —T
— A :4.0cm
—10:2.0cm
107
10° 10! 102

Distance between material surface and detector (cm)

Fig.15 Relationship between thermal neutron scattering ratio
and distance from styrofoam plate
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10°
O:Styrofoam (2cm) u
. @ Aluminium (0.5cm) ]
B A-Balsa (1cm)
. — - A Stainless steel(0.1cm) |
] N C:PMMA (0.1om)
~
' TR
10 SN\
N\
e \\\
\L\\\ N
N N \ \
(o) \\'.,‘\ N
AN \
107 \ \s
T N\ AN
N\
AN
A
10°
10° 10’ 102

Distance between surface of materials and detector (cm)

Fig.16 Thermal neutron scattering ratio as a function of
surface—to—detector distance for the thinnest
material in the experiment
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|
107 | //"'//E]
7 1
7 o
// _—
A”””J ]
l ’/‘)/27 9
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/ QO:Styrofoam
@ Aluminium
1 A:Stainless
e O:Acryl
M :Balsa
107 |
0 1 2 3 4

Thickness of fixing table (cm)

Fig.17 Relationship between thermal neutron scattering
ratio and thickness of fixing table

(The size of table is 40cm Square)
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10°
B QO:Styrofoam
A:Aluminium
O:PMMA
107"
1072 i
<
Y
/ )
/9( 1
i -
/)
A
1078 p
0 1 2 3 4

Thickness of fixing jig (cm)
Fig.18 Relationship between thermal neutron scattering

ratio and thickness of fixing jig

(The size of jig plat is 3cm X 30cm)
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