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Introduction

• For the past few years, with the advances in technology, the neutron energy 
produced by accelerator facilities is higher and higher.

• The dose contributed by high-energy (>10 MeV) neutrons becomes more 
important.

Typical neutron spectra in BWR/PWR Accelerator: Triumf 500MeV cyclotron
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• Conventional moderated-type neutron dose meters tent to underestimate the 
dose contribution of high-energy neutrons because of the opposite trends of 
dose conversion coefficients and detection efficiencies as the neutron energy 
increase.

• The effective detector response of an extended-range neutron dose meters can 
be extend to the GeV range by embedding heavy metals in neutron moderators 
through the (n,xn) nuclear reaction.
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Neutron Energy (MeV)

 bare          3.0 inch        3.5 inch
 4.0 inch     4.5 inch       5.0 inch
 6.0 inch     7.0 inch       8.0 inch
 9.0 inch     9.5 inch       10.0 inch
 12.0 inch   3P5_7         4C5_7
 4P5_7       4P6_8
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• Many researchers or institutions have proposed the problem of underestimation 
resulting from high-energy neutrons, but the results are solely for the specific 
accelerator facilities or for the specific neutron dose meters.

• To establish a method to improve the underestimation of high-energy neutrons 
which we called it the spectral correction factors.

• Do a series of sensitivity studies, to discuss the application of the spectral 
correction factors.

Introduction

Taiwan Photon Source (TPS)
3 GeV electron synchrotron

Chang Gung Memorial Hospital
230 MeV proton cyclotron

Heavy ion cancer therapy:
400 MeV/A Carbon-ion accelerator
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• Flow chart
Research Method
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• Contains a large number of neutron spectra 
collected from various literatures.

• Over 200 neutron spectra in natural 
environments and that are representative of 
fields in various facilities involving neutron 
sources or neutron-generating devices.

• Some neutron spectra used for instrument 
calibration.

• IAEA-TRS-403

Materials
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Analysis tools

Due to the need for a great 
amount of calculations, 
we write some scripts to 
do our calculations by 
using the software 
MATLAB.
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1) Neutron field characterization
• The characterization attempted to 

reasonably account for the contribution 
of high-energy neutrons that cannot be 
properly reflected by conventional 
neutron dose meters.

• If the spectrum at the location of 
interest is known: flux percentage of 
high-energy (>10 MeV) neutrons.

• if the spectrum is unknown: the ratio 
between the counting rates of 
4P6_8/6”.

• 3P5_7/5” is also identified.

Results
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2) Spectral correction factors (SCFs) for 9” sphere

SCFs of 9” Bonner sphere may range 
from 1.0 up to more than 3.0, indicating 
significant dose underestimation that 
cannot be ignored.

The difference between the two 
fitting curves is within ±10% in the 
whole range of the spectral indexes 
from 1.0 to 3.1.

Results
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2) Spectral correction factors (SCFs) for 4P6_8

Results

As expected, most of the SCFs are close 
to or less than 1.0, indicating a 
satisfactory or at least conservative 
performance of extended-range dose 
meter.
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3) Neutron calibration sources 4) Neutron dose meters

A comparison of three fitting curves of 
dose correction factors generated by 
three different calibration sources (252Cf, 
241Am-Be, and 239Pu-Be).

• Four fitting curves corresponding to four 
neutron dose meters (6”, 7”, 8” and 9”).

• The results is only about 10% even for a 
neutron field with a significant 
percentage of high-energy neutron.

Results
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5) Verification of spectral correction factors

• To verify the universal validity of the proposed correction scheme, artificial spectra were 
generated by randomly selecting two neutron spectra with appreciable percentage (>10%) 
of high-energy neutrons from the IAEA-TRS-403 collection.

• All the generated spectra could be considered at least physically meaningful and are 
suitable for testing the appropriateness of the proposed correction scheme.

Results
13



• The dose underestimation regarding conventional moderated-type detector in the 
presence of high-energy neutrons, resulting from the intrinsic inconsistency 
between the low detection efficiency and high dose contribution of high-energy 
neutrons.

• This observation presents a practical scheme for correcting the dose 
underestimation of conventional neutron detectors and  confirms a satisfactory 
performance of extended-range neutron dose meters.

• This observation also addressed two important questions associated with the 
applications of this correction scheme in practical situations where different 
calibration sources or dose meters are used.

• These observations practically facilitate the implementation and application of 
the suggested spectrum-dependent dose correction factors in workplaces.

Conclusions
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Thank you
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