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Abstract

We present a data acquisition (DAQ) system for a three slender *He Position-Sensitive Proportional Counters (PSPC)
based neutron dosimeter. The DAQ system measures the charge of the neutron-induced events, calculates the position
of the events, and provides the power supply for the dosimeter. The DAQ system provides a significant support for the
proof of principle.
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1. Introduction

In radiation protection, we can use the neutron energy spectrum of the neutron radiation field to calculate
the neutron ambient dose equivalent. However, the neutron spectrometer is difficult to be widely used due to
the complex equipment and the cumbersome measurement process, such as the Bonner Sphere Spectrometer
(BSS) [1] proposed by Bramblett which consists of a series of moderator spheres with different diameters.

A neutron dosimeter is an apparatus to measure the neutron dose. It includes a detector and a data
acquisition (DAQ) system. The detectors in most of the commercial neutron dosimeters have one moderator
and one thermal neutron sensor, and these dosimeters cannot get a good energy response for the radiation
protection use.

Toyokawa designs a neutron dosimeter [2, 3] with one spherical polyethylene moderator and three slen-
der 3He Position-Sensitive Proportional Counters (PSPC) to balance the energy response and the complexity.
The dosimeter acquires all the data in one measurement. The neutron dose and ambient dose equivalent can
be conveniently obtained [4]. The sphere is divided uniformly in Toyokawa’s calculation.

Li proposes a novel non-uniform division method, in which the moderator sphere is divided non-
uniformly into five spherical shells, to calculate the ambient dose equivalent [5]. The data from the non-
uniform division method is more approximate to the BSS’s data than the uniform division method.
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We design a DAQ system to support the research on the non-uniform division method. The main func-
tions of the design are a) to measure the charge of the neutron-induced events occured during the reaction
between thermal neutron and *He in the PSPCs; b) to calculate the position of the neutron-induced events;
and c) to provide the power supply for the dosimeter.

In this paper, we present the design and testing of the DAQ system.

2. The principle of the neutron dosimeter

The detector in Toyokawa’s neutron dosimeter consists of one spherical polyethylene moderator and
three slender *He PSPCs. The PSPCs are orthogonal to each other in the moderator. In the non-uniform di-
vision method, the moderator sphere is non-uniformly divided along the radical direction into five spherical
shells [5, 6, 7]. The amount of the neutron-induced events in each shell is counted.

The neutron-induced event is a reaction that a neutron reacts with the *He gas in the PSPC (*He (n, p)
*H). The proton and tritium ionize the working gas in the PSPC and the ions drift to the ends. The charge
collected in both ends of the PSPC is proportional to the distances from the event to both ends [8, 9]. The
charge is collected and integrated into voltage in the Charge Sensitive Amplifier (CSA).
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Fig. 1: Schematic of a 3He PSPC

Fig. 1 shows the schematic of a *He PSPC. »*” is the position of the neutron-induced event. x is the
distance from the event’s position to the left end. L is the total effective length of the PSPC. V, and V}, are
the peak voltages of the output pulse produced by the CSA. The position is calculated using Eq. (1) [10]
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We use commercial PSPC with embedded CSA. The signal produced by the CSA is 4~6 us in full width
at half maximum (FWHM), 4 V maximum in amplitude, and 10 k/s maximum in event rate. The signals
always show up in pairs at the both ends of the same PSPC.

In the DAQ system, we capture all the signals from the CSAs, pair the signals which are from the same
event, and find the peak value of each signal. With the paired peak values of signals and Eq. (1), we calculate
the position and count the amount of events in each shell.

3. The DAQ overview

The block diagram of the neutron dosimeter is shown in Fig. 2. The dosimeter includes a detector mod-
ule and a data acquisition module. The detector module consists of one spherical polyethylene moderator,
three slender *He PSPCs which are orthogonal to each other in the moderator, and six CSAs at both ends of
each PSPC. The data acquisition module consists of a data acquisition board, a host computer with control
and calculation software, and a power management module. The detector module gives the signal outputs
to the data acquisition module, and the data acquisition module offers the high voltage and power supplies
for the detector module.
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Fig. 2: Block diagram of the neutron dosimeter

3.1. The data acquisition board

The data acquisition board transfers the analog signals into digital signals with the shapers, main am-
plifiers, and Analog to Digital Converters (ADCs). It also pairs the digital signals with the Digital Pulse
Processing (DPP) techniques in a Field Programmable Gate Array (FPGA), and finds the peak value of the

events. The block diagram of the data acquisition board is shown in Fig. 3.
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Fig. 3: Block diagram of the data acquisition board

When a neutron-induced event occurs, the CSA gives a pair of voltage signals which is 4~6 us in FWHM
and 4 V maximum in amplitude. The signals pass the shapers and main amplifiers and become signals which
is 10~16 s in FWHW and | V maximum in amplitude for the ADC. We use 8-bit, 100M samples per second
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ADC:s to digitalize the signals with a good resolution. After the data conversion, the digital signals pass into
the FPGA for the digital pulse processing and data transmission.

We have digital time-coincidence and peak searching logics implemented in the FPGA. Any one of the
six signals which goes over the pre-set threshold triggers the digital time-coincidence logic. The digital
time-coincidence logic finds out the paired signals of each PSPC in a following time window after the
trigger. The peak searching logic offers the peak values of each paired signal.

3.2. Power Management

We use a commercial Uninterruptible Power Supply (UPS) module as the core of the power management
module. The block diagram of the power supply system is shown in Fig. 4.
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Fig. 4: Block diagram of the power supply module

The UPS module charges and discharges the lithium battery and switches between the external AC and
internal DC power supplies. It offers standard ATX power supplies for the host computer and an additional
+12 V power supply for the DC/DC modules. The DC/DC modules generate +12 V for the CSAs, +5 V for
the shapers and main amplifiers on the acquisition board, and 1.5 KV adjustable high voltage for the He
PSPCs.

The power consumption is an important indicator of the portable equipment. It decides the battery life,
how long the system can go without an external power supply. The total power consumption of the DAQ
system is less than 40 Watts. With a fully charged 19 V, 11 Ah lithium battery, the system can work for five
hours without an external power supply.

3.3. Software

We develop the software in the NI LabWindows/CVI platform which provides a friendly user interface.
The software sets the parameters in both software and hardware, reads out the data from the data acquisition
board via the PCI bus, and calculates the event position according to the Eq. (1). In the software, we can
use uniform division or non-uniform division with different parameters. We can compare different division
methods with the same position data.

The flow chart of the software is shown in Fig. 5(a), and the graphical user interface in Fig. 5(b). We
provide a dynamic link library (DLL) to operate the data acquisition board, with which the users can design
their own software to meet special acquisition and calculation requirements.

4. Tests

We did the electronics test and the neutron source test with our DAQ system.



Futian Liang et al. / Physics Procedia 37 (2012) 1813 — 1818

Client

Set parameters
(HV, Threshold,
Baseline, Time, etc.)

Increase HV
by step

- RIg

SE 0 S0
ERitER (B%)
TERE (o)

Acquisition
Cycle
Decrease HV
by step

Save Data

Coincidence,
Statistics&Show

HRNBEF
10.00

TIRIBHFEE

BEPRIRE
200

e 100
M Lo s
METERT @)

El

FIERE

“““““““

FRmE

B 200 220

0 25 s T5 10

20 255
ERBKEEE it

150 175 200 205 255

BENE
aociT | | EOAE - = B iR
agis ¢}

Designed by 11

Fig. 5: (a) Software flow chart; (b) Graphical user interface

We used an Agilent 33250A signal generator and the DAQ system to perform a counting rate test. The
maximum counting rate of the DAQ from the test is 49.9 kHz. The counting rate is high enough to capture
all signals from the detector which has a 10 k/s maximum event rate.

We used the dosimeter to acquire cosmic rays to test the performance. Fig. 5(b) shows a distribution
of the cosmic rays. Because the cosmic rays reach the detector randomly, the position of the cosmic rays-
induced events should be a uniform distribution on the PSPC. In Fig. 5(b), the flat stage is the effective
position range. The cosmic rays-induced events have the uniform distribution that we expected.

We took a neutron source test in Oct. 2010 in Beijing. With the response functions [7] and the position
distribution from our DAQ system which is shown in Table 1, we calculated the ambient dose equivalent
rate. The results are shown in Table 2 and compared with the reference values.

Table 1: Counting rate in moderator shells

Neutron source Rate Non-uniform division shells®
(sH 1 2 3 4 5
Total 596.6 634.1 5123 2887 1124
241 Am-Be? Background 157.3 177.5 178.1 117 753
Net 439.3 456.6 3342 171.7 37.1
Total 195.3 214.5 179  127.9 53
»2Cfb Background  48.1 60.4 67.2 70.5 40.7
Net 1472 154.1 111.8 57.4 12.3
Correction Factor® 1.00 1.01 1.05 1.08 1.61
241 Am-Be Net 4393 461.2 350.7 185.5 59.7
B2Cf Net 1472 15577 1174 62 19.8

4 Shell 1 is in central. The thicknesses of shells are 3.5cm, 3cm, 2.5¢m, 2cm,

1.5cm from 1 to 5.

b Total measure time: 22! Am-Be 100 seconds, 22Cf 200 seconds.
¢ Due to the end effect of the PSPC.

The deviation of the measurement of the ambient dose equivalent rate varied by 24% [6], and the relative
deviation in our results was within that range. Our results were reasonable and acceptable. A further analysis
indicated that the high voltage of the PSPCs was not set to an optimal value and reduced the efficiency of
the PSPCs. We will make a further test to optimize the high voltage.
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Table 2: Neutron source test results and comparison with reference values

Neutron source Flux Ambient dose equivalent rate
(em™2s™) WwSv/h)
Reference 124 171
241 Am-Be Test Result 97.2 138.7
Relative Deviation (%)*  -21.61 -18.89
Reference 39 54
22 Test Result 29.0 41.3
Relative Deviation (%) -25.64 -23.52

* Relative Deviation (%)=(Test Result - Reference)/Reference™100%.

5. Conclusion

We design an easy to use data acquisition system for a three slender *He PSPCs based neutron dosimeter.
The DAQ system measures the charge of the neutron-induced events, calculates the position of the events,
and provides the power supply for the dosimeter. The DAQ system provides a significant support for the
proof of principle.
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