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Study on measurement influence of reaction cross-section for irradiated neutron

fluence in single-crystal silicon
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Abstract  [Background] When the activation method is used to measure the irradiated thermal neutron fluence of
single-crystal silicon neutron transmutation doping, the measured value may have a certain deviation due to the
difference in the curve shapes of the target reaction cross-section as a function of neutron energy between activated
detector and silicon. [Purpose] This study aims to suppress the measurement influence caused by reaction cross-
section difference between activation detector and silicon, and to reduce the measurement deviation. [Methods]
Based on the Stoughton-Halperin convention relation, the binary first-order equations solution method and a linear
least-squares fitting method were established. A variety of activation detectors and their combinations were applied to
experimental measurement to verify their feasibility. These activation detectors were placed in the irradiation facility
and irradiated in the Minjiang test reactor at Sichuan province. Finally, all of detectors were taken out from the
reactor, and the radioactive activity was measured by high purity germanium y spectrometer. [Results] The results
show that obvious differences exist in the measurement values of different activated detectors at the same position,

and the measurement deviation based on suitable detector combination is greatly reduced to be less than 3% by using
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above two methods. [Conclusions] The two methods proposed in this study can effectively suppress the influence of

the reaction cross-section difference on measurement. The equation method has certain advantages over the least-

square method with only two kinds of compulsory detectors, it can also be applied to other thermal neutron

irradiation samples.
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Table 1 Relevant parameters of activation detectors

BRI Z5 4k TR RGF SRy SaNA 6,/ 10 em’*  I/go,
Detector Shape Size / mm Target reaction

material

Si — - “Si(ny)'Si 0.10740.002  5.88620.301
Zr J Circular foil EL4%//& & Diameter/thickness 6/0.2 HZr(n,y) Zr 0.049 4+0.001 7 5.362+0.355
Fe J Circular foil E4%//5 & Diameter/thickness 6/0.2 *Fe(n,y)”Fe 1.32+0.03 1.135+0.059
CoAl J7 F Square foil K JF/ %% /)5 Length/width/thickness 3/3/0.2 *Co(n,y)'Co  37.18+0.06 1.990+0.054
AuAl 4122 Fine wire K J¥/E.4% Length/diameter 1/1 Au(n,y)*Au  98.65+0.09 15.628+0.283
AgAl 4 £2 Fine wire K J#/E 4% Length/diameter 1.5/1 ®Ag(n,y)'""Ag 4.12+0.105 16.394+0.848
ScAl 4122 Fine wire K J¥/H 1% Length/diameter 2/1 “Sc(n,y)*Sc 27.2+0.2 0.445+0.019

%2 FRFNEOSHAGFEEENEE

Table 2 Measured values of the equivalent thermal neutron fluence rate for different detectors

R 2% Detector W £:{ Measured value / 10” n-cm™-s™ AN %E F¥ Uncentainty / %
TO6 TO7 T09
ScAl 4.608 4.614 3.562 2.6
Fe 4.509 4.560 3.646 3.6
CoAl 4.708 4.797 3.751 33
Zr 4.905 5.021 3918 4.6
AuAl 5.966 6.051 4.717 2.6
AgAl 6.058 6.190 4.737 3.9
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Table 4 The determined value of least square method for different detector groups

BRI #32H A Detector group

i 2 {8 Determined value / 10”n-cm™s™

TO06 TO7 T09
B141B1 Group (Co-Al/Sc-Al/AuAl) 5.066 5.124 3.986
B2 41 B2 Group (Co-Al/Sc-AVAgAl) 5.071 5.143 3.975
B340 B3 Group (Fe/Sc-Al/AgAl) 5.043 5.103 3.970
B4 21 B4 Group (Fe/Sc-Al/ AuAl) 5.037 5.084 3.982
B5 41 B5 Group (Fe/AuAl/Co-Al) 5.014 5.088 4.004
B6 41 B6 Group (Fe/AgAl/Co-Al) 5.018 5.105 3.994
B74B7 Group (5 FHENI# Five types of detectors) 5.042 5.108 3.985
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Fig.4 Deviation between the determined value of least square
method and Zr measured value
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