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A boron-lined proportional counter (BLPC)

used in a mixed field of reactors
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Abstract: A boron-lined proportional counter (BLPC) with a count rate limit close to the multi-wire pro-

portional counter was manufactured to measure the mixed field around reactors. After measurement with a

standard Am-Be neutron source (activity: 100 mCi), the results show that the operating voltage of the BLPC

is 800 V, the plateau length is 100 V and the slope is 13.2%/100 V. The width and rise time of the output pulse

of the BLPC are 1.26 µs and 370 ns, respectively. When the BLPC works at a count rate of 1.0×105 count/s,

the pulse pile-up probability of the BLPC is 3.6%. A clear peak can be seen in the pulse height spectrum of

the BLPC. and the performances illustrate that a BLPC working in pulse mode can serve as a source range

detector of reactors.

Key words: BLPC, mixed field, count rate, plateau curve

PACS: 29.40.Cs, 29.85.Fj DOI: 10.1088/1674-1137/36/5/009

1 Introduction

Neutrons and inevitably gamma rays usually ex-

ist around reactors, which form the mixed field neu-

tron and photon environment. The dose rate of

the mixed field varies drastically from extremely

low to very high values, e.g. the neutron flux

of the Qinshan nuclear plant covers 12 orders of

magnitude (10−1–1011 n·cm−2
·s−1). The detectors

used for the accurate monitoring of the mixed

field are usually designed for three regions: the

source range (10−1–105 n·cm−2
·s−1), the middle range

(103–1011 n·cm−2
·s−1) and the power range (109–

1011 n·cm−2
·s−1) [1–3]. BF3 counters can be used

to monitor the mixed field, but their signal will be

distorted because of the high temperature around

the reactors. Furthermore, BF3 is an electronega-

tive gas, which leads to low detection efficiency [4].

Recently, boron-lined proportional counters (BLPCs)

have been widely used due to their good gamma dis-

crimination and rather long lifetime, without suffer-

ing from any deterioration of their counting and spec-

trometric characteristics [5].

Many studies about the measurement of the

mixed field around reactors have been performed

since the gas-filled proton-recoil spectrometers were

first applied in 1974 [6]. One year later, Semper’s

gas-flow multi-wire proportional counter (MWPC)

was found to have a high count rate limit of up

to 106 count/s in the 14.4 keV energy region [7],

while that of Zdzis law’s MWPC is 1.5×106 count/s

in the energy range 3–15 keV [8]. In 1980, Bednarek

found that multi-cell counters can operate at a count

rate one order of magnitude higher than conven-

tional single-anode counters [9]. Then Beddingfield

found that the 10B lined design in 3He proportional

counters (PCs) will offer superior performance in

the mixed field [10]. Since Jan Sernicki analyzed

large-area transmission PCs filled with organic va-

pors in 1988 [11], the plateau characteristics of many

PCs have been measured, such as Dighe’s silver-lined

PC (20%/10 V) [12] and Lee’s windowless MWPC
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(300 V, 1.4%/100 V) [13]. The properties of more

PCs are presented in Refs. [14–23].

This work presents a single-wire BLPC manufac-

tured by our laboratory, which has a high count rate

limit and is especially for measuring the mixed field

around reactors. By using a standard Am-Be neu-

tron source, the high voltage plateau curve, output

pulse and pulse height spectrum of the BLPC have

been measured. From the experimental results, the

performance parameters (such as plateau characteris-

tics and count rate limit) and the working parameters

(such as working voltage and pulse pile-up probabil-

ity) of the BLPC were obtained. With the determined

working parameters, the pulse height spectra of the

Am-Be source have been measured, in which a clear

peak appears. Finally, by comparing with the present

BLPCs, the experimental results of the BLPC have

been evaluated, and methods to improve the pulse

height spectra are also proposed.

2 The structure of the BLPC

The detailed internal structure of the BLPC man-

ufactured at our laboratory is shown in Fig. 1.

Fig. 1. The internal structure of the BLPC.

A 230 mm long precision stainless steel tube with

an inner diameter of 20 mm and a wall thickness of

5 mm acts as the cathode of the BLPC. A gold-plated

tungsten wire 20 µm in diameter (acting as the an-

ode), imported from Goodfellow Cambridge Co Ltd

in the UK, is accurately located in the center of the

cathode. The BLPC is filled with P10 gas, produced

by Shanghai Wetry Criterion Gas Co Ltd in China, at

a pressure of 0.4 atm, and a flux of 10 mL/min is used

to freshen the gas. A BNC connector on the right of

the BLPC stands for output signal extraction. Two

Teflon circular boards of 8 mm in thickness act as

the insulators, with the epoxide resin used to seal the

P10 gas in the BLPC. Enriched 10B powder with an

enrichment of 90% 10B, produced in Dalian, China, is

coated on the inner wall of the PC, and the thickness

of the boron film is 0.5 mg/cm2.

3 Irradiation and measurement

The neutron source used in the measurement is

a standard Am-Be neutron source supplied by the

Nuclear Radiation Laboratory of Nanjing University.

The activity of the Am-Be source is 100 mCi and the

average energy of neutrons is 4.2–5 MeV. In order to

increase the detection efficiency, neutrons are slowed

down by a cylindrical paraffin moderator with an out-

side diameter of 40 cm and a height of 25 cm. There

is a hole 6 cm in diameter in the center of the moder-

ator. The Am-Be source is located at the bottom of

the hole, and the BLPC is placed on the moderator so

that its active volume can be exposed to the source.

The processing modules of the pulse height analy-

sis system of the BLPC consist of the voltage sensitive

preamplifier, the linear amplifier, the precision pulse

generator, the multi-channel analyzer and the digital

storage oscilloscope. Apart from the oscilloscope, all

the modules are supplied by Beijing Nuclear Instru-

ment Factory (BNIF) in China. After the modules

are collected, the high voltage plateau curve, output

pulse, and the pulse height spectrum are shown be-

low.

4 Results and discussion

4.1 The high voltage plateau curve

The anode radius of the BLPC manufactured in

our laboratory is 20 µm and the cathode radius is

2 cm. In order to find the working point the high

voltage was varied from 600 to 900 V with a step of

20 V, while the other conditions remained constant.

At each voltage, the measurement lasted for 100 s.

The graph between the count rates (of the full spec-

trum) vs. the high voltages is shown in Fig. 2.
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Fig. 2. The high voltage counting curve of the BLPC.

From Fig. 2 we can see that the plateau length of

this BLPC is about 100 V, and the plateau slope is

deduced to be 13.2%/100 V. The operating voltage

of the BLPC should be 800 V. Compared with the

BLPCs presented in recent years, the plateau parame-

ters of our BLPC are better than Dighe’s BLPC filled

with Ar+CO2 (5%) at 20 cmHg (100 V, 2.8%/10 V)

[19], and are close to Kyriakos’s BLPC filled with 3He

(100 V, 8%/100 V) [23].

4.2 The output pulse

The pulse waveforms recorded by the oscilloscope

at a high voltage of 800 V are shown in Fig. 3.

From Fig. 3 we can see that the full width and the

rise time of the pulse are tW=1.26 µs and tR=370 ns,

respectively, which leads to a fall time of tF=890 ns.

Here we suppose that two pulses can be discriminated

if a pulse comes after the rise time of the previous

pulse. Without considering the resolution of the am-

plifier and computer, the resolution time of the BLPC

can be considered as tR. According to Ref. [24], if the

detector has an average count rate of n, the probabil-

ity for N pulses to appear during a time interval ∆t

can be given by

p(N,∆t) =
(n ·∆t)N

N !
exp(−n ·∆t). (1)

We substitute ∆t =370 ns and the count rate

n=1.0×105 count/s in Eq. (1), then no pulse appears

(N=0) in the duration of 370 ns after the fore pulse

should be 96.4%. That is to say, when the count rate

is 1.0×105 count/s, the pulse pile-up probability of

the BLPC is 3.6%. Since most of the amplifiers have

a pile-up rejecter and baseline restorer in their shap-

ing circuit, such as an ORTEC 572 A amplifier, the

pulse pile-up probability of the BLPC would be fur-

ther reduced. All these indicate that our BLPC can

be used as a source range detector to measure the

mixed field around reactors.

4.3 The pulse height spectrum

The pulse height spectrum of the Am-Be source

measured for 100 s at a high voltage of 800 V is shown

in Fig. 4.

A clear peak appears near 300 channels in the

pulse height spectrum (Fig. 4), but the counts are

rather low (less than 50 counts near the 300 channel).

The first reason that leads to a low count rate may be

that (1) the collimating hole is too small, so only a few

neutrons exit from the moderator. As we know, the

neutron reaction cross section is in proportion to the

inverse of its velocity in the low energy region, thus

the second reason would be that the energy of the

incident neutrons is too high (several MeVs), and the

cross section of the neutrons is small, which results

in a low count rate. To improve the count rate of the

BLPC, we are designing a cylindrical Bonner sphere

system (BSS), which is used to wrap the BLPC dur-

ing the measuring process. Since the BSS material

can slow down neutrons, which would increase the

cross section of the reactions, the detection efficiency

and the count rate would be improved accordingly.

Further results in this field will be presented soon.

Fig. 3. (color online) The output pulse of the BLPC. (a) and (b) are recorded continuously, and different

pulse parameters were measured.



No. 5 CHEN Guo-Yun et al: A boron-lined proportional counter (BLPC) used in a mixed field of reactors 437

Fig. 4. (color online) The pulse height spectrum of the Am-Be source.

5 Conclusions

A BLPC with a count rate limit close to that of

MWPC has been manufactured, and the detailed in-

ternal structure is shown in this work. By using a

standard Am-Be neutron source with an activity of

100 mCi, the high voltage plateau curve, the output

pulse, and the pulse height spectrum of the BLPC are

measured.

From the high voltage plateau curve, the operat-

ing voltage of the BLPC is determined to be 800 V.

The plateau length of the BLPC is 100 V, and the

plateau slope is 13.2%/100 V. These features ex-

ceed Dighe’s BLPC filled with Ar+CO2 (5%) (100 V,

2.8%/10 V) [19], and are close to Kyriakos’s BLPC

filled with 3He (100 V, 8%/100 V) [23].

The amplitude of the output pulse of the BLPC

is about 100 mV, and the width and rise time are

1.26 µs and 370 ns, respectively. When the BLPC

works at a count rate of 1.0×105 count/s, the pile-up

probability of the pulse is 3.6%. The BLPC working

in pulse mode can serve as a source range detector to

monitor the mixed field neutron and photon environ-

ment around reactors.

A peak appears in the pulse height spectrum of

the BLPC, but the count rate is rather low. A cylin-

drical Bonner sphere system (BSS) is being designed

to slow down the neutrons, which would greatly im-

prove the count rate of the BLPC.
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