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Abstract In cases of high radiation emergencies, we pro-
pose a surface contamination monitor (SCM) that can
quickly measure and pinpoint the contamination distribu-
tion in the affected population. Thick gaseous electron
multiplier (THGEM) has several advantages, including fast
response time and good spatial resolution. Based on new
THGEMs, a two-dimensional imaging detector was
developed for alpha detection, with a position resolution
greater than 3 mm. The detector design and test results are
described in this paper. Fast radiation imaging SCMs, with
a 40 mm x 40 mm sensitive area, are currently under
development.
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1 Introduction

Surface contamination monitor (SCM) is an important
device in nuclear equipment monitoring, environmental
radioactive pollution investigation, and evaluation and
monitoring of emergency nuclear accident events. Tradi-
tional alpha detectors, for contamination monitoring, usu-
ally provide the level of contamination. New monitoring
equipment, based on thick gaseous electron multipliers
(THGEMSs), can be used for locating contamination and is
discussed in this paper. Such type of SCM can quickly
measure the count rate and generate positional imaging of
alpha radiation contamination. We are currently in urgent
need of such a device, for monitoring the spread of con-
tamination by local residents and nuclear plant workers, in
the event of an emergency. In such situations, rapid mea-
surement and precise details of radiation contamination
regions are vital for assessing medical or other assistance
needs [1-3].

In the probe of the traditional alpha SCMs, the detectors
are usually gaseous, scintillation, or semiconductor detec-
tors. Scintillation detectors are usually composed of a
photomultiplier tube (PMT), with scintillators such as
CsI(Tl) and ZnS(Ag). Radioactive contamination of a
scintillation material plays a key role to reach a low
background level. Scintillation SCMs are mainly used to
measure weak alpha radioactivity because the spatial res-
olution at the sub-centimeter level does not meet the
requirements [4-6]. Semiconductor detectors are mainly
used for to accurately measure the energy spectra of alpha
particles and heavy charged particles. The Si(Au) surface
barrier detector has good spatial resolution (less than 1 pum)
and high detection efficiency (approximately 100%).
However, semiconductor detectors have poor anti-radiation
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ability [7, 8] and are significantly expensive for large-area
production.

THGEMs are a type of micro-pattern gaseous detector
(MPGD) developed by A. Breskin et al. in 2004, which
have fast response time (~ 10 ns), high counting rate (up
to 106/mm2), radiation resistance, and good spatial reso-
lution (sub-mm) [9-11]. The THGEM detector detects
radiation on the basis of the gas-ionizing action of radia-
tion. It is suitable for a variety of applications including
photon detection, such as the ring imaging Cherenkov
(RICH) detector [12, 13], or charged particle detection,
such as the Digital Hadron Calorimeter (DHCAL) [14, 15].
The critical characteristics of THGEM detectors are effi-
cient monitoring for ionizing radiation and relative posi-
tioning of radiation contamination, after irradiation.
Therefore, the THGEM detector is expected to be one of
the most useful monitors for major radiation emergencies.
The THGEM (as shown in Fig. 1) developed by the
University of Chinese Academy of Sciences (UCAS) has
20 cm x 20 cm effective area and is 400 pm thick, and the
diameter of the hole is 400 um with a pitch of 1 mm.

The aim of this research is to develop large-area, fast
radiation imaging detectors with moderate spatial resolu-
tion. In the following sections, we first present the design
of the detector. Then, we describe the performance

Fig. 1 THGEM
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requirement for the alpha detector, including detection
efficiency, spatial resolution as well as long-term stability.
Finally, the components of the SCM are described.

2 Detector design

Figure 2a shows the sealed gaseous detector based on a
THGEM. The drift region is defined as the area between the
cathode mesh and the THGEM, with 10 mm, in which alpha
particles ionize the gas and create primary electrons. Primary
electrons are amplified in the THGEM, which is defined as
the amplifier region. The induction region is defined as the
region between the THGEM and the anodes with 1 mm. The
avalanche of electrons induces detectable signals on the
readout anode as they drift toward it.

Each part of the sealed detector is shown in Fig. 2b. The
design is straightforward. The chamber is sealed by flanges,
tightly connected to the anode, with O-rings. An ultrathin
film of polyvinylidene chloride (PVDC) is used as the
window (thickness of approximately 5 pm), and a stainless
steel mesh (thickness of approximately 100 pm) is placed
on the window. The dimension of the detector is
23 mm x 302 mm x 302 mm.

An alpha source 2°Pu of 650 Bq was used in this
experiment. The source was calibrated by the Metrology
and Testing Department of the China Institute of Atomic
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Fig. 2 Structure of the THGEM detector
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Fig. 3 Detection efficiency versus THGEM voltage for different film
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Fig. 4 a Geant4 model for a THGEM detector with a 239y source
and b the simulation result of different thicknesses of seal film. The
detector efficiency changes with energy of alpha particle
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Energy. Alpha particles of 5.157 MeV are emitted into the
drift region with a solid angle of 2n. The Ar:iC4H;o (97:3)
is continuously flushed with a flow rate of 150 ml/min. The
gas is precisely controlled with an Alicat MC-Series Mass
flowmeter. The high voltage is provided by a CAEN
NDT1471 HV programmable power supply.

To test the detection efficiency, the signals were
preamplified by a CR110 preamplifier (charge sensitivity
1.4 V/pC) followed by a CAEN N968 spectroscopy
amplifier (shaping time 0.5 ps, amplification factor 20), a
CAEN mod 96 discriminator, and an Ortec 976 quad
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Fig. 5 a Detection efficiency dependence on Vg under constant
Vina = 100V and AVygem = 650 V. b Detection efficiency depen-
dence on AVyygem under constant Viyg = 100V and Vg = 350 V. ¢
Detection efficiency dependence on Vi,q under constant Vs = 350V
and AVTHGEM =650V

counter/time. We set an optimized threshold to suppress the
background counting rate close to zero. The detection
efficiency of the detector was defined as the ratio of the
number of net counts (the total counts minus background)
recorded by the counter () to the number of radiation
counts (Ng) emitted by the source, represented in the fol-

. R
lowing formula: & = &

@ Springer



150 Page 4 of 7

S.-M. Xiao et al.

Fig. 6 a Readout anode board
and b scheme of the readout

3 Detector performance
3.1 Detection efficiency
3.1.1 Transmission efficiency of the window film

The alpha particles have to pass through the mesh and
the thin film to reach the drift region of the detector. For the
mesh, it is straightforward to perform a calibration by
considering its optical transmittance, which is roughly
81%. However, the film thickness must be considered
carefully. A thinner film leads to better alpha detection.
However, the gas seal is also important. Therefore, we have
used different film thicknesses and studied the detection
efficiency. Figure 3 shows the result from measurements
with the **’Pu alpha sources. As expected, detection effi-
ciency decreases as the thickness of the film increases.
Additionally, the detection efficiency reaches a plateau as
the THGEM is fully operated with Vgix =350V and
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Fig. 7 Imaging of surface contaminate

Vina = 100 V. The detection efficiencies are 48%, 27%, and
5% for 5 um, 10 pm, and 15% pm films, respectively.
Geant4 Monte Carlo simulation is employed to study the
transmission efficiency of the window film. Figure 4a
shows a snapshot of the propagation of alpha particles from
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a 2°Pu source. The particles passing into the ionization
region are recorded. The blue layer represents the detector
window film, and the gray layer represents ionization
region; the solid lines represent the tracks of alpha particles
released from the radioactive source.

The results are shown in Fig. 4b. It can be seen that the
transmission efficiencies are close to the detection effi-
ciency, which indicates that the detection efficiency
decreases owing to the window film.

3.1.2 Alpha detection efficiency studies

The detection efficiency will be affected by the drift
electric field (AEq4;r), the induced electric field (AE;,q), and
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Fig. 8 Distribution of strip number in X and Y directions
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Fig. 9 Long-term stability of the detector

the THGEM electric field (AEtggem). Figure 5 shows the
results of the detection efficiency under different electric
field configurations.

With increasing Vg;if, the recombination effect reduces.
This is caused by the primary electrons, which are accel-
erated by the high drift electric field and bombarded onto
the upper surface electrode of the THGEM instead of
drifting into the THGEM holes to be amplified. The Vg
was optimized to be 350 V.

The detection efficiency increases with increasing
induction voltage Vjnq. This is due to the small portion of
amplified electrons that are collected by the bottom layer of
THGEM. This portion decreases and thus increases Viyg.
Vina Was optimized to be 100 V.

3.2 Imaging and position resolution measurement

The THGEM detectors are read out by two-dimensional
strips and are shown in Fig. 6a. There are 64 channels in
each direction. Those signals are fed to the GASTONE
ASIC Chip which offers 64 channels of charge-sensitive

Image display screen

Detection area

The chassis part includes
the power supply
and the gas module

Fig. 10 Diagram of the SCM
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preamplifier—shaper circuits and then discriminates those
signals with 4 tunable thresholds [16-18]. The digitized
signals are then daisy-chained and packaged by a Xlinx
FPGA and then sent to a computer for online data analysis.
The scheme is shown in Fig. 6b.

Figure 7 shows the 2D plot of the alpha radioactive
source. To study the spatial resolution, a small collimator
was used. The results are shown in Fig. 8. The pad pitch ¢
limits the spatial resolution to FMHW = ¢/ V12 [19, 20].
Each pad has a rectangular shape and is placed at a pitch of
2.82 mm in the x direction and 3.13 mm in the y direction.
A Gaussian fit of the current distribution along the strips
results in o, of 0.81 strips and ¢, of 0.80 strips. Hence, the
spatial resolution of x and y is 2.28 mm and 2.50 mm,
respectively.

3.3 Long-term stability

To study the long-term stability of the detector, we
continuously operated the system for a half-month while
recording data every 5 min. The detector was set to
AVTHGEM =650 V, Vdrift =350 V, and Vind =100V. The
result is shown in Fig. 9. The detection efficiency shows a
good stability, which varies about 3.2% over 16 days.

4 Surface contamination monitor

The SCM (Fig. 10) was designed to precisely measure
the position of a surface where alpha contamination might
have occurred. For instance, it can be used at nuclear plants
to check whether workers’ hands are contaminated. The
SCM is divided into three parts: the probe unit, the display
unit, and the controller unit. The probe unit contains two
alpha detectors with an effective area of 20 cm x 20 cm.
The controller unit contains an 8 L gas cylinder, HV power
supply, and a mass flowmeter. The display unit is a thin-
client industrial computer.

Online software has been developed in C programming
language, based on multi-thread architecture. The gas
flowmeter and the HV modules are automatically moni-
tored by a slow-control thread. Data acquisition, as well as
the online analysis, and plots display are validated.

5 Conclusion
In summary, a THGEM-based SCM prototype has been
successfully developed. A 48% 2*’Pu alpha detection

efficiency has been achieved. The thickness of the window
film was optimized to 5 um. The spatial resolution was less
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than 3 mm. The system was in operation for almost half a
month and showed good stability performance.
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