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Experimental measurement of parameters of thermal neutron reference field

YANG Junkai WANG Pingquan ZHANG Hui ZHANG Jian

(National Institute of Metrology, China, Beijing 100029, China)

Abstract  [Background] Twelve *'Am-Be neutron sources are used in thermal neutron reference field rebuilt by
National Institute of Metrology, China. The inner and outer radiation fields are formed by high-purity graphite and
heavy water moderated the neutron emitted by neutron sources, respectively. [Purpose] This study aims to measure
parameters of this thermal neutron reference field to guarantee the accuracy of numerical transmission and provide a
platform for the research of thermal neutron detectors, thermal neutron imaging, etc. [Methods] Firstly, the average
neutron capture profiles of ’Au were calculated by using different neutron spectra. Gold foil with and without
cadmium activation method were used to obtain the precise neutron fluence rate and cadmium ratio. Then, the ratio of
front and rear neutron fluence rates of reference point was determined by one side of gold foil with cadmium. Finally,
the uniformity of the two fields was obtained by scanning with SP9 *He detector. [Results] Measurement results
show that the neutron fluence rate of the outer field is (1 999.4+48.0) cm™s™" at the reference point, the ratio of the
front and rear neutron fluence rates to cadmium are 1.54:1 and 1 433:1, respectively. Uniformities in 70 cmx70 cm
vertical plane and in 70 cmx35 cm horizontal plane are 1% and 5.2%, respectively. For the inner field, the neutron

fluence rate at the reference point is (21 288.3+404.4) cm™s™, the ratio of the front and rear neutron fluence rates to
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cadmium are 1.05: 1 and 15.4: 1, respectively. Uniformity of the straight line at the reference point is 0.4%.

[Conclusions] The key parameters of thermal neutron reference field meet the requirements of verification and

research work of detectors with different volume and thermal neutron response.
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Table 1 Basic parameters of thermal neutron reference radiation field in various countries in the world
Z Nation — SZIG=E T3 FEEE byt B sk
Laboratory Method Fluence rate / cm™s”  Thermal Uniformity
neutron ratio / %

## 7% Czech CMI Am-Be/Pu-Be+17 55 30 000 97.3 5%Cp 40 cm)
Am-Be/Pu-Be+graphite

i [H Korea KRISS Am-Be+fi 5% 2000 94 1%(30 cm>30 cm)
Am-Be+graphite

7% E Germany PTB IR A 70 98.9 <10%(20 cmx20 cm)
Neutron sources+graphite

P #iRussia  VNIIM IR R O 1 000~10 000 95 <5%(5 emx5 cm)
Neutron sources+ polyethylene

H A% Japan NIMJ H IR 1 000 98.2 <5%(5 ecmx5 cm)
Neutron sources+graphite

[ China NIM Am-Be+H K (N7 1999.4 99.9 1%(70 cmx70 cm)
Am-Be+D,0 (inner field)

& China Am-Be+A£ 8 (4M7) 21288.3 93.5 0.4%(55 cm)
Am-Be+graphite (outer field)

JE[E UK NPL IS+ 58 R 200~40 000 81 0.2%
Accelerator+graphite (column)

Je[H UK T3 g+ 58 G 10*~3x10’ 99.7 0.2%
Accelerator+graphite (hole)

%[ France ~ IRSN T A+ 2R 4000 95 <5%(10 cmx10 cm)
Accelerator+graphite
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Fig.1 Thermal neutron reference field profile (a) and the diagram of neutron source layout (b)

F2 1R2K*Am-Be FFENELER
Table 2 The measurement results of 12 ** Am-Be

T ECT RAE T
Source number  Measurement result ~ Uncertainty / %
5020/19 1.168%10’ 0.80
S013/19 1.168x10’ 0.80
S017/19 1.166x10 0.80
S021/19 1.172x10 0.80
S019/19 1.166x10’ 0.80
S016/19 1.169x10’ 0.80
S015/19 1.165x10’ 0.80
S014/19 1.172x10 0.80
S018/19 1.174x10 0.80
S023/19 1.178x10’ 0.80
S024/19 1.180%x10’ 0.80
S022/19 1.177x10 0.80

PR HE, EARE MG 7oA. ZRT
J 18RS, 12 B0 Am-Be H -1 U 43 A7 X380 B 5 38 A
o i) DX 7y R, AR A A A T
TR 22 26 T — Bk TR (R 42 8 220 em, R
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PE, BN BEE S . AP TR RRE T
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RN — B BRI T A ) B S0P (E 2 (a)) .
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Fig.2 Outer field (a) and inner field (b) of thermal neutron
reference radiation field
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Table 3 Irradiation parameters and results of gold foil

P37 Inner field 4h37; Outer field
JFifE Mass / g 0.057 70 0.060 86
J&J& Thickness / pm 16.92 18.22
M+ 777%: Method 47B-y coincidence 2l v 1% HPGe vy spectrometer
& BN 1] Irradiation time / d 21.85 11.69
1% & Activity / Bq 315.7 29.9
% AN E ¥ (k=1) Activity uncertainty (k=1) 1% 1.7%

R4 SEFWETHEESE =1
Table 4 Uncertainty components of gold foil activation method (k=1)

AHE KU PRE T ABLR AN E FLARAT T
Uncertainty component Source Assessment Uncertainty without Cd ~ Uncertainty with Cd
method W7 L7 B 539
Inner Outer Inner Outer

U, i ABAEK 1.7x10™ 1.7x10™ 1.6x10™ 1.7x10™
Mass Aand B

U, TR H i B 1.7x102 1.7x107 1.7x107 1.7x107
Profile database Type B

U, EE B 9x10™ 1.75%107 1.4x107 —
Activity Type B

Uy Avogadro B2k 4x107 4x107 4x107° 4x107°
Avogadro constant Type B

AR EANH E TE 1.9% 2.4% 2.2% —

Combined standard uncertainty

A 4 A FiEERS AN
(1999.4+48.0) cm™-s' F1(21 288.3+404.4)cm™ s,
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SEMERR b7, RE B WA ER S8R
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W2 G P AR IR o, 4 c0= (68.99£1.17) b,
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Table 5 Irradiation parameters and results of the gold foil half wrapped by cadmium

4882 ¥ Irradiation parameters PN B Inner front N5 Inner rear AT Outer front 45 Outer rear
Jii 4t Mass / g 0.058 53 0.063 24 0.057 7 0.060 7

JE£ ¥ Thickness / um 17.08 18.26 17.02 18.36

W& 777 Method Y spectrometer Y spectrometer Y spectrometer Y spectrometer
48 HE I 7] Irradiation time / d 6.83 6.83 12 11.13

1H P Activity / Bq 112 119 17.7 11.4

175 5 R E ¥ (k=1) Activity uncertainty (k=1) 1% 1% 1.2% 1.2%

*6 EFERIMEESE =1
Table 6 Uncertainty component of gold foil half wrapped by cadmium (k=1)

N SRR VP8 J7 12 AL AN E JE One side of gold foil with cadmium
Uncertainty components Source Assessment YT NS R e
method Outer front Outer rear  Inner front  Inner rear

U, i A, BAHK 1.7x10™ 1.6x10™ 1.7x10™ 1.6x10™
Mass Aand B

U, it B% 1.7x107 1.7x107 1.7x107 1.7x107
Profile Type B

U, 5 B3 1.2x107 1.1x107 9.5x107° 9.5x107°
Activity Type B

U, Avogadro B2k 4x107° 4x107 4x107* 4x107
Avogadro constant Type B

AR EAN E BE 2.1% 2.0% 1.9% 1.9%

Combined standard uncertainty
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JUSF RN, B 5 XA 2] JEEBOR , o737 m] 7 2t B R
IG5 RSB S ARSI A SR A8 IX R s i (A P T Je
J97 M ] F] 17 B P B =), 4 SRME A B T . R
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Fig.4 Normalized fluence rate of reference point on vertical plane (a) and horizontal plane (b) in outer field
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