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Signals generated by spontaneous alpha decay of uranium in fission chambers are very small and are buried
in background noise. These signals are often simply discriminated by amplitude as unwanted background noise.
However, if these signals can be distinguished from white noise, they could function as a checking source that
is electric-noise-free and is embedded in the detector itself. To confirm our hypothesis, we estimated and mea-
sured the pulse height of alpha decay signals in the fission chambers of the Large Helical Device (LHD) at the
National Institute for Fusion Science (NIFS). When background noise was sufficiently low, the plateau curves
of alpha decay signals could be measured by using the maintenance function of the neutron monitoring system.
When background noise was high, instruments such as an oscilloscope and a multi-channel analyzer (MCA) suc-
cessfully caught alpha decay signals by using their high-performance trigger functions. Measuring alpha decay
pulses is also an indicator of the health of the detector and its preamplifier because if something were wrong with
either component, the alpha decay signals would prove difficult to measure. This practical application of alpha
decay signals to verify neutron instrumentation systems that use the noise-sensitive Campbelling method will be
beneficial for fusion facilities and fission reactors and help meet ALARA policy because this method does not
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require an external checking source.
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1. Introduction

“Will the preamplifier have any control, monitoring,
or health-related functions?” was the question from the
ITER Organization concerning the Micro Fission Cham-
ber (MFC) system for ITER [1]. Neutron sources such as
232Cf are usually provided with fission chambers to check
the health of detectors and measurement equipment. How-
ever, because the MFC detectors of ITER are installed in-
side a vacuum vessel as shown in Fig. 1, these checking
sources cannot be used. Although some preamplifiers are
equipped with internal test pulse generators for soundness
checking, installing such a signal generator is not ideal be-
cause of the electromagnetic noise they would generate.
The Campbelling method, used to measure the signals of
fission chamber detectors, measures the mean-square volt-
age (MSV) of small signal fluctuations of a detector [2],
and is thus vulnerable to noise. Based on our experience
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Fig. 1 The MFCs will be installed on the upper (#12) and lower
(#17) out-boards behind the blanket modules of the ITER
tokamak vacuum vessel.

with neutron monitoring systems for boiling water reactors
(BWR), oscillators used for test signals cause noise and af-
fect the soundness of Campbelling measurements. Next,
because alpha decay signals do not generate any electric
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Fig.2 System configuration of the neutron monitoring system
of the LHD.

noise, we focused on the spontaneous alpha decay of ura-
nium coated on the electrodes of fission chambers. How-
ever, the average energy of an alpha particle is less than
one-tenth the energy of a fission fragment of uranium, and
their signals can be easily discriminated and removed from
the neutron signals generated by fission fragments. Thus,
alpha decay signals are not normally utilized. Alpha decay
signals can be measured in good noise conditions, but in
high-noise environments the signals are unmeasurable be-
cause they get buried in the background noise. The neutron
monitoring system that was constructed for the Large Heli-
cal Device (LHD) at the National Institute for Fusion Sci-
ence (NIFS) has good noiseless conditions, therefore we
expected to succeed in measuring the alpha decay signals
of the fission chambers of the LHD [3,4].

2. Specifications of the Instrument

Devices

The neutron monitoring system of the LHD consists of
three sets of 23U fission chamber detectors, preamplifiers,
and digital signal processing units [5]. The configuration
of the system is shown in Fig.2[3]. The signals gener-
ated by the spontaneous alpha decay of uranium coated
on the electrodes of fission chambers were measured at
the input to the digital signal processing unit; the fission
chambers and preamplifiers were the main contributors for
measuring the alpha signals. The specifications of the fis-
sion chambers and preamplifiers are shown in Table 1 and
Table 2, respectively. The cable lengths between them are
shown in Table 3.

Table 1 Specifications of the fission chamber detectors.

Item Specification
Model Number KSA-01 [6]

Fissile Material UO2 300 mg (V)
Filler Gas Ar/N2 787 kPa[abs]
Thermal Neutron Sensitivity | 0.1 s7/(s-e¢m?)
Charge Accumulation Time 80 ns

Maximum Operating Voltage | 400 VDC

Detector Capacitance approx. 155 pF
Size 339 mm X 28 mm¢

Manufacturer: Canon Electron Tubes & Devices

(Formerly Toshiba Electron Tubes & Devices)

Table 2 Specifications of the preamplifiers.

Item Specification

Model Number HNA400

Maximum Input Signal 50 mVpp

Gain 40.5 dB

Passing Band 100 kHz — 10 MHz
Maximum Output Signal 1 Vpp

Maximum Detector Bias | 400 V

Voltage

Maximum Detector Current 10 mA

Size 116 mm(H) X 292 mm(W) X

192 mm(D)

Manufacturer: Toshiba Energy Systems & Solutions Corporation

Table 3 Signal cable lengths of the neutron monitoring system.

From To Length
FC1 Preamplifier 35m
FC2 Preamplifier 52m
FC3 Preamplifier 50 m
Preamplifiers | Digital signal processing units 95 m

3. Estimation

The fission chamber detectors used in the LHD have
only 23U as their fissile material. The amount of UO; is
about 300 mg, so the number of 2*>U atoms is 6.76 x 10%°.
The half-life of 23U is 7.08 x 10® years, so the decay con-
stant of 2$U is 3.12 x 10717 57!, Therefore, the decay rate
is 2.11 x 10*s™!. Because uranium is coated on the in-
ner surface of the outer electrodes of the fission chambers
and alpha particles are emitted toward both the inside and
outside of the electrode, the detection efficiency was esti-
mated to be 50%. Therefore, the expected counting rate
of the pulses generated by the spontaneous alpha decay of
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235U coated on the electrodes of the fission chambers is
1 x 10* counts per second (hereinafter referred to as cps).

The maximum amplitude of the signal pulses gener-
ated in the fission chambers was calculated based on [2]
and [7].

Assuming that the specific energy loss of the alpha
particles in argon gas is equivalent to that of air, the range
of the alpha particles in argon gas was estimated from the
range in air, that is R = 0.318E*?[8]. Considering the
density of argon gas, 1.783 kg/m?, the energy of the alpha
particles at position X cm on the track is shown below.

E = (E,*? - P-x/0.178)*. (1)

Here, P is the argon gas pressure at 0°C.

From Eq. (1), the range of the alpha particles, which
have an average energy of 4.4 MeV, was calculated as
2.1 mm in argon gas pressurized to 787 kPa, which is the
filler gas pressure of the fission chambers.

Equation (2) was used to calculate the energy of fis-
sion fragments, assuming that the specific energy loss of
the fission fragments in argon gas is also equivalent to that
of air [9].

E = (E,*? = P-x/0.0785)*. (2)

From Eq.(2), the range of light fission fragments hav-
ing an energy of 93 MeV was calculated as 2.1 mm, and
the range of heavy fission fragments having an energy of
67 MeV was calculated as 1.7 mm in argon gas pressurized
to 787 kPa.

The flight lengths of the alpha particles and the fission
fragments were calculated considering the dual-cylinder
structure of the fission chamber detectors. The inner elec-
trode radius (r1) was 10.5 mm and the outer electrode ra-
dius (r2) was 11 mm, thus an electrode gap of 0.5 mm.
When a detector is cut obliquely at an angle ¢, the cross
section will be a dual ellipse. When a particle is emitted
from point P on the outer ellipse (the negative electrode) in
a direction having angle 6, the particle will reach the inner
ellipse (the positive electrode) at distance X1. The parti-
cle will reach another point on the outer ellipse at distance
X2 in the case that 6 is larger than the following angle as
shown in Fig. 3.

X1 = {r, — [1,% — (tan” O cos® @ + 1)(1> — 112)]"/?}
/(tan? 6 cos® ¢ + 1) x (tan? 6 + 1)!/2. 3)

When 0 > tan™! (1 / cos ¢ x 1/(r2> —1,?)'/?)
X2 = 2r2/(tan2 6 cos’ p+1)x (tan2 6+ 1)1/2. 4)

The energy loss of particles in argon gas was calculated by
subtracting the energy at X1 or X2, which was calculated
by Eq. (1) for the alpha particles or by Eq. (2) for the fission
fragments, from the initial energy E1. When X1 or X2 is
longer than the range of the particles, the particles will lose
all of their initial energy in argon gas.

r2 //r2/cos((p)

r1/cos(p) S

y

A
N

Fig. 3 Flight length calculation in a dual-cylinder electrode de-
tector.

The energy loss in argon gas was divided by a W-value
of 26.3 eV, the average energy lost by the alpha particles
per ion pair formed in argon gas [10], to obtain the electric
charge (Qo) created by the ionization of argon gas. Colum-
nar recombination was used to estimate the electric charge
(Q) acquired at the electrodes based on Eq. (5) and the val-
ues reported in Ref. [11].

Q/Qo = In(1 + k- k/b)/(x - k/b), ©)
where,

k/b=2.5x% 1073 m2/s when electrode distance is 0.5 mm,

k = 1.52 x 10° s/m? for 4 bar gas pressure and 200 V bias,
also

k= C-Xo(Ibar) - d - P?/(rr - (ue + pa)(1bar) - AV).
(6)

To calculate Q/Qg for gas pressure P (bar) and bias V (V),
Eq. (7) was used with converted «’.

Q/Qo = In(1 +«* - k/b)/(x’ - k/b), @)
where,
K = k- (P/4)*/(V/200). 8)

The maximum detector current was calculated based on the
assumption that the ionization of argon gas occurs equiva-
lently along the track of the fission fragments and the alpha
particles, and the generated electrons move to the anode
with a constant velocity of W, when derived by the electric
field. The following formula was used for the calculation
because the preamplifiers of the LHD are electric-current
pulse amplifiers having a time constant 7 that was shorter
than the electron collection time T.. A cable terminated
with a specific impedance ry has an impedance ry when
viewed from the sending end. Therefore, unlike charge
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amplifiers, there is no need to consider the cable capaci-
tance for this current pulse preamplifier even if the cables
are lengthened [12].

Imax = Qe/Te[1 — exp(=Te/70)], )
where,

Qe = Q’

T, =d/T.

In the case of KSA-01 detectors,

T.: electron collection time; 80 ns

T¢: time constant; input impedance (rp)
X detector capacitance (Cd)

ro: 75Q

Cd: 155pF

Finally, the pulse voltage was calculated by multiplying
the maximum current by the input impedance (75 Q), the
preamplifier gain (X 100), and the amplifier gain (X 20).

Figure 4 shows the calculated pulse height distribution
of signals generated by the alpha particles and the fission
fragments in a KSA-01 detector biased with 300 V.

When a light fragment loses all its initial energy of
93 MeV in argon gas, it creates a pulse at 736 mV. When
a heavy fragment loses an energy of 67 MeV, it creates a
pulse at 530mV. With the exception of these peaks, the
mode of the pulse height distribution of the fission frag-
ments exists between 250 - 260 mV owing to the narrow
gap between electrodes. The mode of the alpha pulses also
exists between 0 - 10mV, which is nearly the same level
as that of white noise. The lowest pulse height of the al-
pha decay signals is 5.7 mV, which corresponds to the case
where an alpha particle flies the shortest distance between
the electrodes, i.e., 0.5 mm.
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Fig. 4 Histogram of the pulse height distribution of a KSA-01
fission chamber at P = 787kPa and V = 300 V. Alpha
count rate (red) = 1 x 10* cps, neutron (fission fragments)
count rate (blue) = 1 x 10* that is only for simulation.
(Note: the actual count rate depends on the strength of
the neutron source.)

4. Measurement

We had a high expectation of success in measuring the
alpha decay pulses, even in a currently operational facility
having long signal cables as shown in Table 3, because the
current pulse preamplifier is used in the LHD. Two types
of data were acquired to obtain information from alpha de-
cay pulses. One was the equipment maintenance data in-
cluding the discrimination characteristics and the plateau
characteristics, which were functions installed in the digi-
tal signal processing unit. The other was the raw data of the
output signal from the preamplifier, which was acquired
using an oscilloscope (Tektronix, Inc, model: MSO64).
The signal level of the raw data measured by the oscillo-
scope was one-twentieth the level of the equipment main-
tenance data, because the input signal amplifier of the digi-
tal signal processing unit multiplied the input signal by 20.
The configuration of the measurement circuit and the mea-
surement setup are shown in Fig. 5 and Fig. 6, respectively.

4.1 Measurement in a low noise channel

First, the measurements in a low noise case are ex-
plained.

Pulse plateau characteristics of fission chamber No. 3
(FC3) located at 4-O were measured at a discrimination
level of —100mV by using a function of the digital signal
processing unit. Figure 7 shows the pulse plateau charac-
teristics of FC3.

Digital Signal Processing Unit

Campbelling Circuit

N L
| 3 o Pulse
Fission x100 L] x20 Dlscrlm | Counting
Chamber  Preamplifier | Inator Circuit
Detector :
| Maintenance
eme Oscilloscope Tool |
(PC)

Fig. 5 Configuration of the measurement circuit.

Maintenance
Tool —.

- Oscilloscope
Pll'eampliﬁer _1 ne - Plain Stitch
Signal Cable Wire

Fig. 6 Photo of the measurement setup. A plain stitch wire for
the earthing of the signal earth was used.
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Fig. 7 Pulse plateau characteristic curve of FC3. The range of
the bias voltage for FC3 was 0 - 400 V. The measurement
time at each bias voltage was 60 s. The interval of the bias
voltage was 50 V. The discrimination voltage was set to
—100mV. (hereinafter these parameters are expressed as:
range = 0/400V, interval = 60s, step = 50V, dscrm =
—-100mV)

As can be seen in Fig. 7, the plateau curve of FC3 had
an ideal plateau curve: the counting rate starts from O cps
at a bias voltage of OV and it has a saturation curve over
50 V. This indicates good signal/noise (S/N) conditions in
which the noise level is low and the alpha pulse height is
high enough to distinguish the alpha pulses from the noise.

The discrimination characteristics of FC3 were mea-
sured with detector biases of 0 V or 300 V by using a func-
tion of the digital signal processing unit as shown in Fig. 8.
A swelling on the discrimination line was observed in the
discrimination characteristics of FC3 biased by 300 V. The
swelling was created by the alpha pulses, which were ex-
pected before measurements were performed.

The discrimination curves show the integrated values
of the number of pulses higher than the discrimination
level, therefore, the derivative of the discrimination curve
provides the pulse height distribution. The derivative of
Fig. 8 (b) was subtracted from that of Fig. 8 (a) to obtain the
pulse height distribution of the alpha decay signals only, re-
moving noise data. Figure 9 shows the calculation results.
The zone hatched in gray was not considered because the
error of the count rate was large due to background noise.
The peak of the pulse height distribution of the alpha de-
cay signals was read out as =50 mV from Fig. 9. This value
was 8.8 times larger than the expected value of —5.7mV,
which was calculated in Sec. 3 and considered the pream-
plifier gain (100 times) and the input gain of the digital
signal processing unit (20 times).

4.2 Measurement in a high noise channel
Next, the measurements in the high noise case are ex-
plained. The discrimination characteristics were also mea-
sured in fission chamber No. 2 (FC2) located at 10-O. In
this case, the discrimination characteristics of FC2 did not
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Fig. 8 Discrimination characteristic curves of FC3. (range =
0/-200 mV, interval = 60s, step = 10mV, bias voltage
(HV) = (a) 300 V/(b) 0 V)
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Fig. 9 Difference between the derivatives of Fig. 8 (a) and (b),
which indicates the pulse height distribution of the alpha
decay signals except for the zone hatched in gray where
the count rate error was large due to background noise.

show any difference between the detector biases of 0V or
300V as shown in Fig. 10.

When the pulse plateau characteristics were mea-
sured, the plateau curve was initially a flat line, as shown
in Fig. 11.
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Fig. 10 Discrimination characteristic curves of FC2. (range =
0/-200 mV, interval = 60s, step = 10mV, HV = (a)
300V/(b) 0V)
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Fig. 11 Pulse plateau characteristic curve of FC2. (range =
0/400V, interval = 60 s, step = 50V, dscrm = —100 mV)

The input signal cable was removed from the digital
signal processing unit so that the pulse plateau character-
istics could be measured without the input signals, after
which, the counting rate at each bias voltage was 0.

Because a loose input signal connection might be the
cause of noise, the input signal connector on the rear panel

Pulse Plateau (FC2)
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Fig. 12 Pulse plateau characteristic curve of FC2 after connec-
tor mating/unmating. (range = 0/400V, interval = 60,
step = 50V, dscrm = =100 mV)

Fig. 13 Alpha pulse shape triggered with =5 mV when FC2 was
biased by 300 V [Horizontal Scale: 100 ns/div, Vertical
Scale: 5mV/div, hereinafter, the oscilloscope’s scales
are the same except for Fig. 15].

of the digital signal processing unit was repeatedly mated
and unmated to decrease contact noise, after which, the
plateau curve improved slightly, as shown in Fig. 12.

In this case, it was shown that the alpha signals were
small and easily buried in the background noise, therefore,
noise mitigation was crucial in measuring the alpha sig-
nals.

4.3 Direct measurement of the alpha decay
signals

After the measurement shown in Fig. 12, to confirm
the noise conditions in FC2, the output signals from the
preamplifier for FC2 were directly observed by an oscillo-
scope having a storage mode with a trigger level of 5mV.
Even in high-noise conditions such as FC2, the oscillo-
scope was able to catch the alpha decay signals. Figure 13
shows the waveform of the pulses generated by the sponta-
neous alpha decay of 23U coated on the electrodes of FC2
when the detector was biased at 300 V.

The measured average alpha pulse height was 5.7 mV,
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100 ns

(a) Detector bias voltage =0V

(e) Detector bias voltage =400 V

(b) Detector bias voltage = 100 V

(d) Detector bias voltage =300 V

Fig. 14 Pulse shapes of the alpha decay signals captured by the oscilloscope when FC3 was biased by 0V (a) to 400V (e).

and the average noise amplitude was approximately 4 mV,
which explains why the discrimination characteristics can-
not distinguish the alpha signals from the noise. The os-
cilloscope screen indicated that the trigger frequency was
451 Hz (i.e., cps), which corresponded to the pulse count-
ing rate at —103 mV in the discrimination voltage shown in
Fig. 10 (a).

Under good noise conditions, the waveforms of FC3
captured in the same manner as FC2 were depicted more
clearly than those of FC2. The results are shown in
Fig. 14 (a) through (e). The pulse heights of the alpha sig-
nals are higher than the noise level. The alpha pulse heights
vary depending on the detector bias voltage. The alpha
pulses were obtained at detector bias voltages of 0V, 100V,
200V, 300V, and 400V, and are summarized in Table 4.
Note that 0 V bias indicates the noise level. The noise lev-
els of FC3 were approximately half the noise levels of FC2
when the detectors were biased, even though these noise
levels were the same when the detectors were not biased.

The signal level of the alpha decay pulses measured by the
oscilloscope was also higher than those of Sec. 3.

S. Discussion
5.1 Measurement of the neutron pulse signal

The pulse signals generated by the alpha decay could
be monitored in the LHD, a currently operational facility,
which begs the question of why the pulse heights of the
alpha decay signals were larger than those of the estima-
tion. Firstly, it was suspected that the preamplifier gains
between the calculation and the actual equipment were dif-
ferent. To confirm this, further data were acquired by using
a 22Cf checking source to obtain the neutron pulse signals.

Figure 15 shows a screen capture of the oscilloscope
that displayed the pulse waveforms of KSA-01 detectors
exposed to 2>2Cf and biased at 300 V.

Table 4 summarizes the measured values and the mul-
tiplied values of the measurements by 20, which was the
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10mv .

Fig. 15 Screen capture of the oscilloscope when FC3 was
exposed to 22Cf and biased at 300V [Horizontal
Scale:100 ns/div, Vertical Scale:10 mV/div].

Table 4 Pulse height voltages of the decay alphas and the fission
fragments of KSA-01 detectors measured in the pream-
plifier output and signal levels multiplied by 20.

Measured pulse height | 20 times multiplied value
[mV] [mV]
Bias Decay «o Fission Decay « | Fission
[V] fragments fragments
0 +2 +3 +40 +60
100 3-5 8-16 60 - 100 160 - 320
200 4-6 13-32 80 -120 260 - 640
300 5-17 19 -52 100 - 140 | 380 - 1040
400 5-8 23-52 100-160 | 460 - 1040

gain of the input circuit of the digital signal processing
unit. The multiplied values correspond to the signal levels
of the discrimination and the plateau characteristics. In Ta-
ble 4, the alpha decay pulses are distributed between 100 -
140 mV and the fission fragments pulses are distributed be-
tween 380 - 1040 mV, when the detector is biased at 300 V.

5.2 Measurement of pulse height distribu-
tion by MCA

Figure 16 shows the pulse height distribution of KSA-
01 detectors measured by a multi-channel analyzer (Tech-
noAP, APV8104-14LW) having a waveform selector. The
pulse heigh is calculated based on the integrated area of
the pulse. In Fig. 16, channel 8000 corresponds to 1V.
The highest peak around channel 1300 (corresponding to
160mV) in Fig. 16 indicates the peak of the alpha decay
signals. This value (160 mV) was slightly higher than that
measured by the oscilloscope and multiplied by the input
circuit gain shown in Table 4. At the time the measure-
ments were performed by the MCA, background noise was
included in the integrated area to calculate the pulse height.
Because the 252Cf used was not strong, the statistical er-
ror of the measurement of the pulses created by the fission

—alpha —fission fragments
10000

1000 /“\
100

10

Accumulated count

0 2000 4000 6000 8000 10000
Input channel (channel 0 = 0V, channel 8000 = 1V)

1

Fig. 16 Pulse height distribution of a KSA-01 detector exposed
to a 22Cf neutron source. These data were measured by
an MCA having a pulse shape selection function.

fragments in channels 3000 to 8000 (corresponding to 375
- 1000mV) was large. However, the pulse height range
of the fission fragments almost equals the value measured
by the oscilloscope at the 300 V bias, as shown in Table 4.
Therefore, the preamplifier gain used in the calculation was
changed from 100 to 150 based on the values measured by
the oscilloscope and the MCA so as to equalize the neutron
pulse height distribution of the calculation with that of the
measurements.

5.3 Calculation of the stopping power of al-
pha particles in Ar gas

Even after changing the preamplifier gains in the cal-
culation, the pulse heights of the alpha decay signals were
still lower than those of the measurements. Therefore, the
stopping power of argon gas for 4.4 MeV alpha particles,
which is the average energy of the decay alphas of 23U,
was calculated by using the Bethe-Bloch formula[13] to
re-evaluate the pulse heights of the alpha decay signals.
Figure 17 shows the calculated specific energy loss of the
alpha particles in argon gas.

The calculated curve was overlayed with the function
of 11.724/E''. Consequently, Eq. (10), which shows the
energy of the alpha particles as a function of position x,
was obtained assuming that E; was the initial energy of
the alpha particles.

E = (E;*' = P-x/0.02278)"/%!, (10)
where

P is gas pressure converted to standard gas

conditions at 0°C.

From Eq. (10), the range of 4.4 MeV alpha particles in ar-
gon gas at 787 kPa was calculated as 0.66 mm.

In Fig. 18, which was re-calculated using this range
(0.66 mm), the mode of the pulse height distribution of the
alpha decay signals fell between 50 - 60 mV, which was
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Fig. 17 Specific energy loss of the alpha particles in Ar gas cal-
culated by the Bethe-Bloch formula.
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Fig. 18 Histogram of the pulse height distribution of a KSA-01
fission chamber at P = 787kPa and V = 300V, using
the re-calculated range of 4.4 MeV alpha particles in Ar
gas. The preamplifier gain was set to 150 for this and
subsequent calculations.

slightly closer to the measurement. Even though this value
met the rough calculation in Fig. 9, the pulse height volt-
ages of the alpha decay signals of Table 4 were still two to
three times those of the values of Fig. 18.

5.4 Re-consideration of the columnar re-
combination rate of the alpha particles

The pulse height voltage of 50 - 60 mV in Fig. 18 cor-
responds to the case in which the alpha particles com-
pletely lose their energy of 4.4MeV in argon gas. If
the columnar recombination rate of the alpha particles is
smaller than that of the fission fragments, the pulse heights
of the alpha decay signals would be slightly higher and still
be closer to those of the fission fragments. As described
in [2], the recombination rate is proportional to the prod-
uct of the concentrations of the two species involved. In
fission chambers, ionization is produced along the track of
the fission fragments or the alpha particles, and the density
of the ionization products is proportional to the energy loss
of the particles. In the shortest distance between the elec-
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Fig. 19 Histogram of pulse height distribution reconsidered for
the recombination rate.

trodes, the light fission fragments lose 27.8 MeV, the heavy
fission fragments lose 31.5 MeV, and the alpha decay par-
ticles lose 2.2 MeV. When the recombination rate of the
decay alphas is calculated as the rate of energy loss, i.e.,
the energy loss of the alphas divided by the average of the
energy loss of the fission fragments, the pulse height dis-
tribution is as shown in Fig. 19. The highest pulse height
of the alpha decay signals becomes 73.7 mV, which is half
of the measured pulse height of the alpha decay signals.

5.5 Consideration of self-shielding by ura-
nium coated on the negative electrodes

Because the two peaks indicated at the right side of
the pulse height distribution in Fig. 19 were not observed
by the MCA as shown in Fig. 16, self-shielding by the ura-
nium layer coated on the negative electrodes of the fission
chambers was examined.

When fission fragments or alpha particles are emitted
from the inside of the uranium layer coated on the negative
electrodes, these particles lose their energy inside the ura-
nium layer. The energy losses in the uranium layer were
calculated in the same way as those in argon gas, i.e., by
using stopping powers calculated by the Bethe-Bloch for-
mula (assuming that this formula can be applied to the ura-
nium layer). Equation (11) provides the energy of the par-
ticles at distance x from the point of emission.

E = (Ey>® - 2.05-a-x)"/>%, (11)

where
“Ep” is the initial energy, 93 MeV for light fission
fragments, 67 MeV for heavy fission fragments, and
4.4 MeV for decay alphas.
Coefficient “a” is 1.89x 10° for light fission fragments,
5.19 x 10° for heavy fission fragments, and 50000 for
decay alphas.

When E=0 in Eq.(11), x provides the range of an emit-
ted particle in the uranium layer. The range of the light
fission fragments was calculated as 2.8 um and that of the
decay alphas was 203 um. These ranges are longer than the
1-um-thick uranium layer, so these particles could fly out
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Fig. 20 Histogram of pulse height distribution taking into con-
sideration self-shielding by uranium.

from the uranium layer even though they lost some of their
energy in the uranium layer. The range of the heavy fis-
sion fragments was calculated as 0.52 um, which is shorter
than the thickness of the uranium layer. Therefore, half of
the heavy fission fragments could not fly out from the ura-
nium layer. Even if the heavy fission fragments could fly
out from the uranium layer, the particles would have lost
significant energy in the uranium layer. The heavy fission
fragments emitted from the middle of the uranium layer
may fly out into argon gas having small energies and cre-
ate ionized pulses similar to those of the decay alphas. We
considered this to be the cause of the difference between
the results measured by oscilloscope (Table 4) and by
MCA (Fig. 16). The fission chambers were not irradiated
by a 232Cf checking source in the measurements by oscillo-
scope, however, the fission chambers were irradiated in the
measurements by MCA. A slight shift in the pulse height
distribution of the alpha pulses to a higher voltage was also
observed by the MCA when the fission chambers were ir-
radiated by the 23>Cf checking source.

The pulse height distributions were calculated by
changing the depth of the emission points from O um (i.e.,
on the surface of the uranium layer) to 1 um (i.e., on the
bottom of the uranium layer) every 0.05 um step. Figure 20
shows a summation of the 21 results of these pulse height
calculations. The peaks at the right side of the pulse height
distribution became smaller in Fig.20, with the highest
pulse height of the alpha decay signals being 72.2 mV.

6. Application of the Alpha Decay Sig-

nals

As confirmed in Sec.4, the signals generated by the
spontaneous alpha decay of the uranium coated on the elec-
trodes of the fission chambers were observable in a system
in a currently operational facility having long cables be-
tween the detectors and preamplifiers. In contrast, in a lab-
oratory setting, short cables are usually used to mitigate
the influence of noise because charge-sensitive preampli-
fiers are used to measure the alpha decay signals. It can be

said that the use of an electric-current pulse preamplifier
made the measurement of the alpha decay signals possi-
ble in the LHD, therefore, facilities that use the same type
of preamplifier for their fission chambers can measure the
alpha decay signals.

Alpha decay pulses can be an indicator of measure-
ment system health, i.e., verify that the components of a
system are functioning properly. If something were wrong
with any component in the system, the alpha decay signals
could not be observed because they would be small and
difficult to measure.

A discrimination circuit is used to distinguish the neu-
tron signals from the other signals. For this purpose, the
discrimination level is set at the x-intercept of the exten-
sion line of the slope of the noise portion in a discrimina-
tion curve, which is around —150 mV in Fig. 10. When the
noise level is mitigated lower than the pulse height of the
alpha decay signals, the discrimination level can be set at
the highest noise level to distinguish the alpha decay sig-
nals from the noise. The discrimination level was evaluated
at —100mV comparing Figs. 8 (a) and (b) in the case of
the LHD. The plateau characteristics measurements, usu-
ally provided by neutron measurement equipment as a ba-
sic maintenance function, can be used to easily verify the
health of the detectors and the preamplifiers. The plateau
characteristics should show an ideal curve, as shown in
Fig. 7, and the pulse count rate should be stable under the
same noise conditions. Changes to the shape of the plateau
curve or the pulse count rate of the alpha decay signals
from the initial conditions may indicate that the detectors
or the preamplifiers are not functioning properly. Thus,
when such changes are detected, these components should
be thoroughly checked.

However, when the noise level is higher than the al-
pha decay pulses, the plateau characteristics will indicate a
semi-flat line, as shown in Fig. 11. Even in such noise con-
ditions, an oscilloscope equipped with a high-performance
trigger function can catch the alpha pulses provided that
the neutrons can be measured. The oscilloscope can pick
up the alpha pulses directly in the signals from the pream-
plifier by using several trigger settings, such as the falling-
edge trigger with an adequate trigger level (e.g., SmV).
An MCA equipped with a waveform-selection function,
such as the pulse rise time (e.g., 80 ns) and the pulse width
(e.g., 200 ns), can also catch alpha pulses. The pulse height
and the pulse height distribution of the alpha decay signals
initially recorded under good conditions will be compared
with subsequent measurements, and if any changes are de-
tected, a more detailed investigation will be performed.
The same is true in the case of the plateau curve. If the
noise conditions are insufficient to measure the neutron
signals, the noise conditions should be improved first.

General methods for verifying the soundness of de-
tectors and preamplifiers in detail are as follows. External
equipment such as a pulse generator or a function genera-
tor can be used to verify the gain of the preamplifier, the
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Fig. 21 Histogram of the pulse height distribution of the micro
fission chamber for ITER.

linearity of the gain, and the frequency characteristics. For
detectors installed in inaccessible areas, the methods for
detailed verification are limited. A decrease in the pulse
height indicates either a leak of detector gas or an increase
in the conductivity of the cables or the connectors. In-
creased unexpected pulses may occur when the insulation
resistance of the detector or the cables deteriorates. In such
cases, measuring the insulation resistance will provide in-
formation about the defect. Connector tapping may also be
useful to check for a bad contact in the connector.

A method to check the health of the fission cham-
ber detectors and the preamplifiers without having to use
an external checking source is convenient especially when
the detectors are set in a place that people cannot access.
Even if the detectors are located in an accessible area, this
method helps meet the ALARA policy of avoiding expo-
sure to radiation as low as reasonably achievable.

In the case of the Micro Fission Chamber (MFC) sys-
tem of ITER, detectors are installed inside the vacuum ves-
sel of the tokamak where people cannot access the de-
tectors because the materials will become radioactive af-
ter DD or DT plasma operations. Even in such cases, the
health of the detectors and the preamplifiers can be verified
when the ionizing reaction in the detectors and the signal
amplification by the preamplifiers are confirmed by plateau
measurements and by observing the alpha pulses via os-
cilloscope or MCA. Figure 21 shows the calculated pulse
height distribution of the micro fission chamber (200 mm X
14 mm ¢) for ITER. The pulse heights of the fission frag-
ments are calculated to be lower than those of the KSA-
01 detectors because the electrode gap of the micro fission
chamber for ITER is narrower than that of KSA-O1. How-
ever, the largest pulse height of the alpha decay signals is
estimated to be 70.1 mV, which is almost the same as KSA-
01. Hence, the measurement of the alpha decay signals is
expected to be possible in ITER, although the cable lengths
between the micro fission chambers and the preamplifiers
is approximately 30 m and between the preamplifiers and
the signal processing units is at maximum 150 m.

This method was used to test a neutron monitoring

100 ns

Fig. 22 Pulse shape of the alpha decay signals measured in JT-
60SA.

system having fission chambers in JT-60SA at QST in
Japan, which facilitated the management of operations by
not having to use an external neutron source. The types
of fission chambers and preamplifiers of JT-60SA are the
same as those of the LHD. In JT-60SA, the cable length
between the fission chambers and the preamplifiers is S m
and between the preamplifiers and the signal processing
units is 50m. This method contributed to resolving noise
issues, and the alpha decay signals were measurable by os-
cilloscope. Figure 22 shows the pulse shape of the alpha
decay signals measured in JT-60SA, even though the noise
level was high, the results are approximate to those of FC2
in the LHD.

Furthermore, if this method can be applied to the ver-
ification of the Startup Range Neutron Monitor (SRNM)
system of BWRs currently shut down in Japan, it will bring
great benefits because the system uses fission chambers in-
stalled inside the reactor vessel.

7. Conclusion

Until now, alpha decay pulses were not used for prac-
tical applications because the pulse heights were either too
small to observe, or they were thought to be mixed in with
white noise. However, we were able to observe the pulse
signals generated by the spontaneous alpha decay of ura-
nium coated on the electrodes of fission chambers in the
LHD of NIFS. These alpha decay pulses can be applied to
new and improved investigation methods for fission detec-
tors and preamplifiers in ITER and JT-60SA. Using alpha
decay signals is also helpful in meeting the ALARA policy
in terms of not having to use radiation sources and can be
beneficial for verifying the health of systems having fission
chambers, in both fusion facilities and fission reactors.
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