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1. Introduction

Related to homeland security and contraband control,
megavoltage (MV) x-ray scanning system may increase
the effectiveness and efficiency of cargo screening at the
port.

In a scanner system, a scintillation crystal is the first
stage in the cascaded imaging chain transferring x-ray
interaction information in cargo to be investigated to the
final user who investigates x-ray images. On the other
hand, the signal and noise is irreversibly transferred
through the cascaded imaging chain. Therefore, the
imaging performance of the first stage scintillator mainly
governs the ultimate imaging performance of the system.

In MV imaging, it is generally accepted that high-
density scintillators,® because of their sufficient optical
yield, and low optical self-absorption and scattering
coefficients. We chose the CdWO, as the scintillation
material. CdWO, has a high density (7.9 g/cm?®), high
atomic number (64), resistance to radiation,>® high
optical yield,* and low optical self-absorption.*

The purpose of this study is to quantify the MV x-ray
interaction-induced signal-to-noise performance of the
single block of CdWQ, in terms of detective quantum
efficiency (DQE), which provides the best signal-to-
noise efficiency that we can achieve in the x-ray scanning
system.

2. Methods
2.1 Moment analysis of AED

For an incident x-ray spectrum S(E) with
f0°° S(E)dE = 1, the absorbed energy distribution (AED)
recorded in a detector can be given by Eq. (1).
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where A(E,E') is the detector response function
describing the probability of depositing energy E given
an incident photon with energy E'.
Then, the n-th moment of AED is given by Eg. (2).
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thus, the Oth moment of AED, that is quantum efficiency
(QE), is given by Eq. (3).
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and the first and second moments of AED are given by
Egs. (4) and (5).
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then, the Swank noise factor and the DQE can be given
by Egs. (6) and (7).
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2.2 Monte Carlo simulations

For a linear scintillation crystal and photodiode array,
as shown in Fig. 1, MC simulations using Monte Carlo
N-Particle transport code (MCNP version 5, RSICC, Oak
Ridge, TN, USA) with on or off options for the electron
transport were performed. The relative error between the
two optional simulation results can be given by Eq. (8).
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The pencil-like MV x-ray beam is incident on the
center of incident plane of a single block of CdWO,
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Figure 1. A linear CdWO4 scintillation crystal and photodiode
array used for the Monte Carlo simulations.
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Figure 2. The absorbed energy distributions of the

scintillation crystal obtained for Monte Carlo simulations.

scintillation crystal with dimensionsof x X y X z = x X
4x4mm?® (x=10~50mm) . The incident x-ray
spectrum S(E) is 9-MV spectrum or 1-MeV mono-
energetic beam.

3. Preliminary Results

Fig. 2 shows the AED of the scintillation crystals
obtained for MC simulations. While the AED obtained
for monoenergetic beam clearly shows escape peaks due
to Cd and W, that obtained for the MV spectrum shows
no escape peaks. Electron interactions distort A(E) in
high energy bins.

For the quantitative signal-to-noise performance
analysis, QE, Swank noise factor, DQE and relative error
obtained for MC simulations are shown in Fig. 3.

As shown in Fig. 3(a) and (b), monoenergy analysis
underestimates the QE performance and the degree of
underestimation is increased with decreasing detector
thickness. At the same time, monoenergy analysis
overestimates the Swank noise factor by a factor of ~2.7
compared to the spectral analysis. And the consideration
of the Swank factor of the incident spectrum can largely
reduce the discrepancy between the two Swank analyses.

Fig. 3(c) shows that the increasing trend of DQE with
increasing detector thickness is mainly governed by the
QE. Monoenergy analysis largely overestimate the DQE
performance because it ignores the spectral uncertainty
in incident x-ray beam and this discrepancy can be
reduced by considering the incident spectrum Swank
factor.

In the Fig. 3(d), electron transport option would be
negligible for the QE estimation. On the other hand, the
consideration of the electron transport in determining
A(E) inhigh energy bins is important; hence the Swank
noise factor.

4. Conclusions
For the given MV spectrum, the improvement of QE

from a detector with a thickness of 10 mm to 30 mm is
27% whereas the improvement from 30 mm to 50 mm is
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Figure 3. The quantitative signal-to-noise performances
obtained for each simulations: (a) quantum efficiency, (b)
Swank noise factor, (c) detective quantum efficiency, (d)
relative error.

only 7%. On the other hand, the Swank noise is almost
independent of the detector thickness. Consequently, the
improvement of DQE from a detector with a thickness of
10 mm to 30 mm is 46% whereas the improvement from
30 mm to 50 mm is only 11%.

In conclusion, the detector thickness of 30 mm would
be the best for x-ray interaction-induced signal and noise
performance as well as cost.

We also suggest that the monoenergy analysis
considering the MV spectral Swank noise can provide
DQE similar to that determined from the spectral
analysis.
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