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ABSTRACT 
Alternative designs of high-pressure xenon (HPXe) detectors exhibit the potential to be 
intermediate-resolution gamma-spectrometers that can be used in challenging field 
applications. Based on a prototype of such a detector, a GEANT model has been 
developed. Work has also been done to at least first-order to model the charge transport 
within the detector. The calculational results have been compared to experimental results 
and show good agreement. The model appears to have substantial potential as a tool for 
the development of pulse-shape analysis algorithms that are expected to improve the 
resolution of these new HPXe detectors. Key words: high-pressure xenon, GEANT, 
modeling 

INTRODUCTION 
An existing gap in gamma measurement capabilities is the lack of a rugged, moderate 
resolution detector. High pressure xenon (HPXe) detectors exhibit the potential to fill 
that gap being mechanically robust and temperature insensitive and possessing a 
moderate energy resolution. A gridless HPXe detector design is under development. The 
removal of the grid from the standard design significantly reduces the vibration 
sensitivity of the detector providing the desired mechanical robustness, but at a cost seen 
in an increase in the position sensitivity of the pulse shape of the detector output. This 
leads to an degradation in the resolution at all gamma energies with the severity rapidly 
increasing as the gamma energy increases. One approach to correcting this degradation is 
to do a detailed pulse shape analysis on the pulses as they are collected. However, this 
kind of pulse shape analysis requires a good understanding of the variables involved 
(position, energy, type of interaction, etc.) and, for each permutation, the resulting pulse 
shape. This information can be very difficult to extract experimentally, but is relatively 
easy to extract from a computational model. Preliminary work has been done developing 
such a model and comparing it to experimental data. 

DESCRIPTION OF MODEL 
The HPXe detector that is being developed consists of an outer steel cylinder with a 
length of 237 mm and an inner diameter of 38 mm which serves as the cathode and an 
inner steel cylinder with a length of 94 mm and an outer diameter of 3.6 mm which 
serves as the anode. The ends are contain the necessary support structure for the inner 
cylinder and appropriate electronic feedthroughs. The detector is filled with HPXe to a 
density of 0.237 g/cm3. For the purposes of this initial model the effect of the ends are 
ignored. Three cylinders (the outer steel tube, the inner steel tube, and the xenon fill gas) 
are defined. The incident gamma-rays are treated as a point source directed radially 
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toward the center of the detector. Only dominant gammas from a defined source are 
used. 

The calculational steps were as follows: 
Define the detector and source as a GEANT[ 11-based model. 
Run sufficient initial particles such that more than 8000 events (interactions) in 
the xenon were recorded. 
For each event, extract a list of points where the freed electrons had ‘stopped’. 
‘Stopped’ from within the GEANT model was defined as an energy of less than 
0.025 eV. 
For each event, calculate and record the total response of the anode based on a 
sum of the transport of the individual electrons. This response was the pulse 
shape at the anode. The electron transport was based on the simple model of 
transport in a cylindrical field. [2] 
For each anode response, sum the area under the response curve to estimate 
overall pulse height. Record each pulse height. 
For each source use, histogram the collected pulse heights to get the energy 
spectrum. 

This se6ence was repeated for three sources: Am24’, Co”, and C S ’ ~ ~ .  

EXPERIMENTAL APPROACH 
In order to benchmark the model, it was necessary to collect some experimental data to 
compare to the model results. The detector modeled was setup and run. In turn, each of 
the three sources used was centered both along the axis of the detector and with respect to 
its width, essentially the same position as used for the model. The distance from the 
source to the detector was adjusted to bring the multichannel analyzer (MCA) deadtime 
to about 10%. Then, using a digital oscilloscope, a series of pulse shapes were captured 
and saved. Additionally, an MCA was used to acquire energy spectra for each of the 
sources. 

MODELING RESULTS 
Comparisons between the model and the measurements can be made in two ways. First, 
the overall response of a detector to a given source is provided by an energy spectrum. 
Figures 1-3 are the energy spectra for Am241, C O ~ ~ ,  and C S ’ ~ ~ .  The modeled and 
measured spectra were calibrated separately based on the approximate centroids of the 60 
and 122 keV peaks. Each of the pairs of spectra show very similar responses. Taken 
together the three figures show that over a range of energies the modeled detector 
response is changing in the same way the measured response did. As the incident gamma 
energy increases the locations where the interactions with the xenon occur spread out and 
the total energy deposited in the detector as a fraction of the incident energy decreases 
leading to the loss of resolution seen. Differences between the measured and modeled 
spectra may be attributed to detector and electronics noise which is not included in the 
model. Also, the sources used in the measurements were not collimated while the 
modeled source was perfectly collimated having a single momentum direction and start 
point. Additional calculations showed strong dependencies in the spectrum on the 
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location and angular distribution of the source gammas particularly the ratio of the full- 
energy and escape peaks. 
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Figure 1 Am24' Energy Spectra 
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The second area of comparison is the pulse shapes. This is more difficult as the pulse 
shapes depend on variables which are not known for the individual events in the 
measured instances. Figures 4-6 are comparisons between modeled and measured pulse 
shapes. Each figure contains the first fifty measured pulses and the first fifty modeled 
pulses. The model only calculates the rise of the detector response which is dominated 
by the electron transport and ignores the pulse fall which is dominated by the ion 
transport. The scaling for the modeled result is based on roughly matching the dominant 
pulse heights corresponding to the enerfy peaks. The same scaling was used for all three 
sources. The measured pulses from Co and CsI3’ contained an offset as the baseline 
was not a zero. The modeled pulses for those sources were shifted down to match the 
offsets. The triggers used to take the measured pulses were set such that lower energy 
pulses were not recorded. The figures show that even using a relatively simple charge 
transport calculation, the individual pulses from the HPXe detector can be successfully 
modeled. 

PULSE SHAPE-ANALYSIS 
The goal of the computational effort was to begin creating a tool that could be used to 
help develop pulse-shape analysis algorithms. Given the promising results from the 
initial model, we looked at an initial algorithm. This simple algorithm assumed the pulse 
height and rise time could be extracted from measured pulses. 

Several items could be extracted from the modeled pulses. The radius was defined as the 
point relative to the long axis of the detector where the first interaction occurred. The 
rise time was the time from the first interaction until the last electron was collected. Also 
extracted was the pulse height. The incoming gamma energy was defined by the model. 
The algorithm was constructed using the following steps: 

1) A fit related rise time and radius. 
2) A correction factor was defined as the ratio of the pulse height and known 

gamma energy. 
3) A fit related the gamma correction factor and the radius. 

Given a set of pulses to be corrected the algorithm was defined as: 
1) Determine the rise time and pulse height. 
2) Based on the rise time, estimate the interaction radius. 
3) The radius is then used to calculate the correction factor applied to the 

measured pulse height. 

The fits in the first stage were obtained using the modeled Am241 data. The fits were then 
applied to the C S ’ ~ ~  modeled pulses. The results are shown in Figure 7. The 662 keV 
peak and Compton shoulder are significantly enhanced. The analysis was then repeted 
for a large set of measured pulses. While the effect at lower pulse heights is not 
seen due to the trigger settings, there is still an noticeable enhancement of the full energy 
peak and additional clarity to the Compton shoulder. 

7‘h International Conference on Facility Operations - Safeguards Interface, February 29 - 
March 4,2004, Charleston, SC, on CD-ROM, Linda Rose, Oak Ridge National 
Laboratory, Oak Ridge, TN 3783 1-6050 - 

- 4 -  



LA-UR-04-???? 

0.0020 

0.0015 - 0.0010 

0.0005 
n 
w 0.0000 n! 

-0.0005 

n 

0 > 
W 
In 

fn 

-20E-6 -15E-6 -10E-6 -5E-6 000E+O 5E-6 10E-6 

Time [seconds] 

1 Figure 4 Am241 Individual Pulses 

n 
v) 

0 > 
W 
fn 
K 
0 
In 

C - 
Y 

n 

2 

0.003 
0.003 
0.002 
0.002 
0.001 
0.001 
0.000 

-0.001 
-0.001 i I 1 I I 

-20E-6 -15E-6 -10E-6 -5E-6 000E+O 5E-6 1 OE-6 

Time [seconds] 

Figure 5 Co5’ Individual Pulses 

- 
c In 
0 > 
W 
In 
C 
0 
v) 

- 
Y 

n 

d 

0.012 
0.01 0 
0.008 
0.006 
0.004 
0.002 
0.000 

-0.002 I I I 

-2.00E-05 -1.50E-05 -1.00E-05 -5.00E-06 O.OOE+OO 5.00E-06 1.00E-05 

Time [seconds] 

I Figure 6 Cs13’ Individual Pulses 

7‘h International Conference on Facility Operations - Safeguards Interface, February 29 - 
March 4,2004, Charleston, SC, on CD-ROM, Linda Rose, Oak Ridge National 
Laboratory, Oak Ridge, TN 3783 1-6050 - 

- 5 -  



LA-UR-04-???? 

-1 -+ Corrected Response 
~~ 

150 

100 

50 

0 
0 100 200 300 400 500 600 700 

Energy [keV] 

Figure 7 The simple pulse-shape analysis algorithm applied to modeled C S ' ~ ~  pulses. 
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Figure 8 The simple pulse-shape analysis algorithm applied to measured C S ' ~ ~  pulses. 
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CONCLUSIONS 
A GEANT based model of a gridless HPXe detector has been developed and found to 
produce results very similar to the measured response of the detector. This is seen both 
in the energy spectra which reflect the overall response and in the behavior of the 
individual pulse shapes. The goal of the modeling effort is to assist in the development 
of pulse-shape analysis algorithms that can compensate for the removal of the grid from 
the HPXe detector. These preliminary results provide confidence that a thorough 
understanding of the pulses as they depend on incident gamma energy, interaction 
location, and detector configuration can be extracted from the model and used as the 
basis for algorithm development. 

Next steps include adding more detail to the model, using more complex sources (for 
example, a distributed source or uranium with several energy lines), and including 
possible backscatter from the room. A better set of benchmarking measurements are 
desired with a more h l ly  defined source configuration that can then be accurately 
modeled. The most important next steps will be to evaluate how to most effectively use 
the information gained to develop pulse shape analysis algorithms. 
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