S. J. Stankovi¢, et al.: MSV Signal Processing System for Neutron-Gamma ...
Nuclear Technology & Radiation Protection: Year 2012, Vol. 27, No. 2, pp. 165-170

165

MSV SIGNAL PROCESSING SYSTEM FOR
NEUTRON-GAMMA DISCRIMINATION IN A MIXED FIELD

by

Srboljub J. STANKOVIC', Bratislav D. IRICANIN %, Dragana NIKOLIC',
Ksenija S. JANKOVIC 3, Mirjana RADENKOVIC |, Koviljka Dj. STANKOVIC 2,
and Predrag V. OSMOKROVIC 2

"Vinéa Institute of Nuclear Sciences, University of Belgrade, Belgrade, Serbia
2 Faculty of Electrical Engineering, University of Belgrade, Belgrade, Serbia
3 Institute for Testing Materials — IMS, Belgrade, Serbia

Scientific paper
DOI: 10.2298/NTRP1202165S

Based on the principles derived from Campbell’s theorem, this paper carries out an analysis of
the possibilities of Campbell’s mean square value signal processing system. The mean square
value mode is especially suitable for measurements performed in a mixed radiation field, be-
cause the quantities of electrical charge involved in the interactions of the two types of radia-
tion are substantially different. The measuring detector element may be an adequate ioniza-
tion chamber and/or semiconductor components for mixed 7-y fields. An examination of the
discrimination of gamma in relation to the neutron component in the signal of the detector
output was carried out, calculated according to the theoretical model of radiation interaction
with the detector. The advantage of the mean square value method was confirmed and it was
concluded that the order of #-y discrimination in mean square value signal processing is

greater than the one rendered by the classical measuring method.
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INTRODUCTION

Previous and existent modes of detector signal
processing systems in mixed, neutron plus gamma
fields, have taken the form of steady-state ionization
current operations, pulse rate modes and, more recently,
the so-called Campbeling technique of operation. A
modern detector signal processing system in a mixed
field has a combination of components such as PIN di-
odes, MOSFETs and/or ionization chambers. The PIN
diode is an n-type silicon crystal with a surface area
with a p-type layer wrapping, doped with boron atoms
[1]. Fast neutrons are detected via recoiled protons that
emerge from the epoxy resin around the PIN diode.
Thermal and intermediate neutrons are detected via al-
pha and "Li particles from the '°B(n, @)’Li reactions in
the n-layer implanted with the boron atoms. Low en-
ergy photons are mainly detected via photoelectric and
Compton interactions inside the depleted region, while
higher energy photons are also detected via their
Compton interactions with the depletion region or sur-
rounding materials. The amplification system coupled
to the detector is composed of a charge-sensitive
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preamplifier and a main amplifier and single channel
analyzers which discriminate pulse heights correspond-
ing to deposited energies of neutrons and photons. The
discriminator has three separate channels: fast neutron
and thermal neutron channels and a photon channel.
The pulse height was analyzed with a multichannel ana-
lyzer. PIN diode sensitivity, dV;/dD,, where V; is the
forward voltage on the PIN diode, and D, is the fast
neutron dose, is practically constant over the entire dose
range of 0.01-100 Gy [2]. The response of MOSFET
dosimeters (RadFET) to different particle environ-
ments is under investigation at CERN (European Orga-
nization for Nuclear Research) the aim being the appli-
cation of this radiation monitoring technology to the
compact muon solenoid (CMS) experiment and also,
possibly, to other large hadron collider (LHC) experi-
ments. It was found that, at high neutron fluencies, sig-
nificantly different sensitivities and strong saturation
effects in RadFET responses due to different gate ox-
ides can arise [3]. MOSFET sensitivity to gamma irra-
diation is dVy,/dD,, where Vy, is the threshold voltage
shift of MOSFET, and D, is the gamma dose. A semi-
conductor high-level dosimetry system (SHLD) was
part of the Stanford Linear Accelerator Center (SLAC)
mixed field for measuring photon and neutron doses
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around the copper beam dump. The SHLD was com-
posed of dual MOSFET, a wide-base PIN diode and a
microprocessor-controlled reader. The MOSFET can
be used to estimate the photon dose, if the ionizing ef-
fects of the neutrons can be excluded. The neutron sen-
sitivity of the PIN diode is approximately of a factor
around 2000 times higher than its photon sensitivity.
Therefore, the PIN diode can be used to measure the
neutron dose, while virtually ignoring the photon dose
contribution [4]. Silicon PIN diodes and MOSFET sen-
sors [5, 6] are unique because of their small size which
prevents the distortion of the radiation field at the mea-
surement point. They can be used for the verification of
dose plans in neutron and megavoltage X-ray therapy.
Among the early successful realizations of Campbell’s
theorem in the praxis of nuclear engineering and ioniz-
ing radiation protection was Lichtenstein’s patented in-
strument for the measurement of radiation from 1959
[7]. The next step on the road of development in the
field was the pulsed ion chamber mode of operation.
This operation mode was demonstrated in the
gamma-compensated pulsed-ionization chamber wide
range neutron measurement system on reactor power
[8]. Since 1960, the mean square value (MSV) method
has been thoroughly verified and recommended for
monitoring reactor start-up power [9, 10]. The MSV
(Campbell’s) method is used in the in-core monitoring
system of reactor power, in a rather large intermediate
power range (6-7 decades). Thereby, field gamma com-
ponents mask the neutron signal less and the effects of
ionization chamber current leakage at high reactor core
temperatures are eliminated [11-14]. Upon observing
the history and application of Campbell’s method,
Knoll [15] highlighted its significance in radiation pro-
tection and dosimetry.

THEORY

The MSV mode is especially suitable for mea-
surements performed in a mixed radiation field, be-
cause quantities of electrical charge involved in inter-
actions of the two types of radiation are substantially
different. Occasionally, when the classic current mode
is used, the direct current measured depends on partial
contribution, regardless of the existent radiation type.
In MSV mode, linear dependence appears for square
quantity of electrical charge per event for each radia-
tion type apart. Therefore, the MSV mode favors the
radiation type which yields to detector response with a
larger average electrical charge per interaction event
(g,)- Essentially, it fulfils better discrimination for one
of the radiation field components. It is important to no-
tice that the undesirable component contribution in the
output signal of a measured chain is “repressed”, and
this represents discrimination in the broadest sense.
This property of the MSV mode is utilized on an un-
compensated ionizing BF; chamber as a neutron de-

tector for the increment yield of the signal component
which results from the neutron in relation to the yield
of the gamma component with less ¢,. The MSV mode
is most frequently used in the intermediate reactor
power range. In special cases, the detector output sig-
nal which depends on the flux of neutrons can be used
through the appropriate system for processing signals
simultaneously in three modes: pulse, MSV, and cur-
rent mode [16, 17]. When conducting measurements
with  ionization chamber outside the core
(out-of-core), it was determined that the uncorrelated
noise as a radnom variable contributes by its fluctua-
tions to the spectral power density of neutron flux
[18-21]. Ahighly uncorrelated gamma field of the out-
put of such an ionization chamber could be defined for
both of the measured systems by the relative ratio of
the contributions in the output signal originating from
neutron and gamma radiation, via a measured vari-
able:

— for the standard method of measuring the direct

current of the ionization chamber

Opc = an,imn (1)
8,9, X

where, s,qn, 5,q, are modified detector susceptibility

(ionization chamber) at neutron (in A/nV) and gamma

radiation [A/(C/kgs)], respectively; ¢,, ¢, are the neu-

tron and gamma flux [neutrons/cm’s and pho-

tons/cm’s]; X (¢, )1s the exposure dose [C/kgs]:

—  for Campbell’s method of measuring current vari-
ance

2
Sn n

7.
syqu

Now, inasmuch as ratios, for O,-/Opc we have
obtained

Relation (3) suggests the use of Campbell’s mea-
suring method for reactor power monitoring because
of better neutron-gamma discrimination. In reactor en-
gineering, the repressing of the undesirable gamma
component contribution to the output signal against
neutron radiation contribution is conventionally
adopted as neutron-gamma discrimination. The im-
provement in discrimination is significant because fis-
sion reactor power is proportionate to the neutron flux,
i. e. the only significant and useful information of reac-
tor power monitoring is the one concerning the neu-
tron flux.

EXPERIMENTS

Significant improvements in discrimination
which Campbell’s method offers in cases when the
ionization chamber is used for the purpose is several



S. J. Stankovi¢, et al.: MSV Signal Processing System for Neutron-Gamma ...
Nuclear Technology & Radiation Protection: Year 2012, Vol. 27, No. 2, pp. 165-170 167

orders of magnitude discrimination, namely for factor
10° that supervened ¢, / ¢, ~10° [12]. This is of spe-
cial interest for some ionization chamber types which
couldn’t be gamma compensated when neutron flux
determination is concerned. In this paper, the uncom-
pensated out-of-core ionization chamber is observed,
although this conclusion is more applicable to the
in-core ionization chamber. The main advantage of
out-of-core ionization chambers is the high-grade in-
dependence of the output signal value from local spa-
tial changes of neutron flux. An uncompensated ion-
ization chamber, RSN-337, (length (L) = 33 cm,
diameter (D) = 8 cm), was set up by the carrier so that
its axial axis was at a height () of 81 cm above the bot-
tom of the reactor vessel and the axis perpendicular to
the axial axis cylinder of the vessel. This means that
the base of the reactor chamber outside the vessel leans
against the wall of the vessel, so that the ionization
chamber is, in relation to the axial symmetric axis of
the vessel, set to the BF; counter which monitors
changes in nuclear reactor power.The BF; ionization
chamber is followed by a Keithley electrometer with a
signal amplifier, AD conversion system and personal
computer required for forming the MSV detector sig-
nal processing system by using adequate software, as
isshown in fig. 1. Code A24 is composed of a modulus
for data acquisition from a sequence of converted sig-
nal values and a separate modulus for data processing
and variance of converted signal computing [22]. In
our experiments, the amplifier stage and A/D con-
verter are followed by an electronic element for signal
squaring which uses numerical simulation in software
code A24. Previously, voltmeters for the mean square
signal value or circuit based on the principal of keep-
ing a constant temperature on the thermocouple were
used for the purpose [16, 17, 23, 24].

High-quality experimental conditions, values of
the thermal neutron flux and absorbed, equivalent and
exposure dose rates at the spatial point of interest
within mixed fields around the reactor vessel of the
HERBE system, realized in the RB reactor at the Vinca
Institute of Nuclear Sciences, Belgrade, were deter-
mined with sufficient certainty. The values of the ther-
mal neutron flux for the field outside the reactor ves-
sel, in radial and axial direction, were confirmed or
determined in an experimental manner by using acti-
vation detectors. The estimation of the thermal neu-
tron flux on the reactor vessel wall was done with soft-
ware code FLRB, created by the NTI Center-150 at the

 Keithely || || 1l
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Figure 1. MSV detector signal processing system

Vinca Institute of Nuclear Sciences. The first set of ex-
periments at the RB nuclear reactor (system HERBE)
involved the determination of the signal mean value
and variance in stationary rating at fission power lev-
els of 10 mW, 50 mW, 100 mW, and 1W. During mea-
surement, the direct current range was 103 A. The first
important conclusions on the advantage of MSV over
the classic monitoring method of fission power are
shown in figs. 2 and 3. When the interval of fission
power changes from 10 mW to 1W, successive ratios
have been obtained
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Figure 2. Determination of signal mean value and
variance in stationary rating at fission power levels of
10 mW, 50 mW, 100 mW, and 1 W by using the
standard method
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Figure 3. Determination of signal mean value and
variance in stationary rating at fission power levels of
10 mW, 50 mW, 100 mW, and 1 W by using the

MSV method

This implies that the mean value changes in an
interval greater than two decades correspond to vari-
ance changes in intervals less than two decades. When
fission power changes in an interval of two decades,
successive ratios have been obtained
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raw) DISCUSSION
V(10 mW)
varV(1W) 74 (5) One of the advantages of the MSV method com-

varV(10mw)

Relative changes of signal mean values and vari-
ances at an interval of fission power change from 1 W
to 22 W are as follows
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The results of this measuring set are shown in
figs. 4 and 5.
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Figure 4. Determination of signal mean value and
variance at interval of fission power change from 1 W
to 22 W by using the standard method
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Figure 5. Determination of the signal mean value and
variance at an interval of fission power change from 1 W
to 22 W by using the MSV method

pared to the standard measuring method is the smaller
interval of variance change against the interval of sig-
nal mean value change for the same change in reactor
fission power. This property of the MSV measured
chain is useful in nuclear engineering investigations in
the sense that the same type of instrumentation covers
the widest possible interval of reactor power change.
In our experiments, during reactor power change from
10 mW to 1 W, when the signal mean value appears
with a progress factor of 198, an increment in variance
is defined by a progress factor of 74. A similar trend
can be observed when the change in fission power
is greater than one decade (1.34 decade) from 1 W to
22 W. The mean value of the signal has a larger growth
(with a progress factor of 31) than signal variance
growth (with a progress factor of 15). Regarding the
estimated discrimination grade, we can conclude that
the MSV measuring method gives fifty times greater
discrimination than the classic measuring method of
signal mean value.

CONCLUSIONS

In experiments in a mixed field around the RB
nuclear reactor at the Vinca Institute of Nuclear
Sciences, the investigation of the signal mean value
change and variance change dependencies were per-
formed within the interval of fission power change
greater than one decade. The advantage of the MSV
method over the classic measuring method has been
ratified, because the interval of variance change is less
than the interval of the mean value change for the fis-
sion power range from 10 mW to 22 W. According to
our calculations, the grade of neutron-gamma discrim-
ination is about fifty times larger with the MSV detec-
tor signal processing system. In Campbell’s theory, it
is well known that the most effective discrimination of
the undesired signal component is realized when the
momentum order of the random signal taken is high
enough. It, hence, allows the realization of a measur-
ing system of a signal momentum order greater than
two. The improvement of the available MSV mea-
sured chain may also be analyzed by taking in consid-
eration bandpass frequency, the influence of noise, re-
sponse time and analysis of competitive nuclear
reactions of said detection elements.
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Cpoomyo J. CTAHKOBWH, bparucnas [I. UPUYAHUNH, [Iparana HUKOJ/IWh,
Kcennja C. JAHKOBWh, Mupjana PAITEHKOBUWH,
Kosmmbka bh. CTAHKOBWH, Ilpeapar B. OCMOKPOBHWh

MCB CUCTEM 3A OBPANY CUTHAJIIA CA HEYTPOH-TAMA
JUCKPUMMNHAILINJOM Y MEIIOBUTOM IO/bY

Ha ocHoBy npuHImna xoju cy npousunuiu u3 Kemmnbenose Teopeme, y 0BOM pany je ypabeHa
ananmm3a Hekux moryhHoctn Kemnb6enosor MCB cucrema 3a ob6paay curnama. MCB mop je moce6HO
MOTOflaH 3a Meperma Koja ce CHPOBOJie Y MEIIOBHUTOM IOJbY 3pavckha, Kajja Cy 3HAUajHO pa3IHmInuTe
KONIMYMHE HACJNeKTPUCAmha y NETEKTOPY Koja MOTUYY W3 MHTEpaKiyja NBa THHA 3padycma. MepHu
JAETEeKTOPCKHU €JIEMEHT 3a MEIIIOBUTA /-y ITOJba MOTao OH jja Oyie ofAroBapajyha joHM3annoHa KOMOpa WIn
MIONTYTIPOBOHMYKA KOMMOHeHTa. CIPOBEACHO je MCHUTHBAamE AUCKPUMUHANMjE raMa KOMIIOHEHTE Y
OJTHOCY Ha HEYTPOHCKY KOMIIOHEHTY M3JIa3HOT CHTHAJIA U3 IETEKTOpa, IIpH UeMy ¢y ypabeHn mpopadyHu y
CKJIaly ca TEOPHjCKUM MOJIEJIOM MHTepakiyje 3pauera ca getekropoM. [lorBphena je npegnoct MCB
METOJIE U 3aKJBbYUCHO je /1a je CTeleH n-y AUcKpuMuHanyje npunukoM MCB o6pajie curnana seha Hero xop
KITACHYHE METOJIC Mepema.

Kmwyune peuu: Heyipon-2ama OUCKPUMUHAUU]A, JOHUSAUUOHA KOMOPA, HOAYUPOBOOHUUKU OeleKIop




