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Abstract

Purpose: To evaluate a novel reference chamber (Stealth Chamber by IBA) through experimental data and Monte Carlo simula-
tions for 6 and 15 MV photon energies. Methods: Monte Carlo simulations in a water phantom for field sizes ranging from 3x3
and 25x25 cm? were performed for both energies with and without the Monte Carlo model of the Stealth Chamber in the beam
path, and compared to commissioning beam data. Percent depth doses (PDDs), profiles, and gamma analysis of the simulations
were performed along with an energy spectrum analysis of the phase-space files generated during the simulation. Experimental
data were acquired in water with IBA three-dimensional (3D) blue phantom in a set-up identical to the one used in the Monte
Carlo simulations. PDD comparisons for fields ranging from 1x1 to 25x25 cm? were performed for photon energies. Profile
comparison for fields ranging from 1x1 to 25x25 cm? were executed for the depths of dmax, 5, 10 and 20 cm. Criteria of 1%, 1 mm
to compare PDDs and profiles were used. Transmission measurements with the Stealth Chamber and a Matrixx detector from IBA
were investigated. Measurements for 6 and 15 MV with fields ranging from 3x3 to 25x25 cm? dimensions were acquired in an
open field with and without the Stealth Chamber in the path of the beam. Profiles and gamma analysis with a 1%, 1 mm gamma
analysis criterion were performed. Results: Monte Carlo simulations of the PDDs and profiles demonstrate the agreement be-
tween both simulations. Furthermore, the gamma analysis (1%, 1 mm) result of the comparison of both planes has 100% of the
points passing the criteria. The spectral distribution analysis of the phase spaces for an open field with and without the chamber
reveals the agreement between both simulations. Experimental measurements of PDDs and profiles have been conducted and
reveal the comparability of relative dosimetric data acquired with the Stealth Chamber and our gold standard the CC13 chamber.
Transmission data measured with an ion chamber array (Matrixx) showed the small attenuation caused by the use of the Stealth
Chamber. Conclusion: Simulations and experimental results from this investigation indicate the benefits associated with chamber
positioning and time expended during the acquisition of the relative measurements of PDDs and profiles for the beam commis-
sioning of photon beams when the Stealth Chamber is used as a reference chamber to perform these tasks. The results demon-
strate that relative profiles and PDDs scanned with the Stealth Chamber in place are consistent with those made using a CC13
chamber within a 1% and 1 mm criterion.
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Introduction

During the commissioning of a linear accelerator (linac), for the relative dose measurements of PDDs and profiles in

physicists face the challenge of acquiring accurate beam data.! water.?

Among all of the beam data required to be collected, the

measurement of percent depth doses (PDDs) and profiles for a
small field size (<3x3 cm?) is one of the most challenging tasks
due mainly to the position and use of a reference chamber.
The nature of small-field measurements, and, the dimensions
and position of the reference chamber in the beam path,
together with the selection of an appropriate detector in
order to avoid partial-volume effects, represent a major
challenge for physicists. At the time, little information can be
found in the literature regarding the characteristics and ad-
vantages of the use of a reference chamber in data acquisition

In order to assess this issue, a reference chamber virtually
transparent to the beam has been designed by IBA (IBA Do-
simetry GmbH Schwarzenbruck, Germany) and is called a
“Stealth Chamber,” as shown in Figure 1. The Stealth
Chamber has a thickness equivalent of 0.5 mm of aluminum
and a rectangular design that can be used in the data acquisi-
tion of fields ranging from 0.5x0.5 cm? to a maximum field
size of 25x25 cm? The equivalent thickness of the chamber
studied makes it very attractive to be used as reference
chamber due to the small attenuation caused to the beam and
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the spatially uniform attenuation. Because of the Stealth
Chamber’s ability to be attached to the head of the linac, no
repositioning is needed. This feature eliminates the need for a
physicist to enter the room, thus saving valuable time during
data collection.

{
FIG. 1: Stealth chamber set up on head of linac (Courtesy of IBA
Dosimetry GmbH Schwarzenbruck, Germany).

In the present work, we aimed to characterize and evaluate
the Stealth Chamber through a theoretical characterization
via Monte Carlo simulations and experimental characteriza-
tion with PDDs and profiles as well as ionometric and fluence
measurements. AAPM TG-105 recommends that Monte
Carlo simulations be performed under the same conditions as
the measurements.>* In addition, Monte Carlo simulations
provide the most accurate dose predictions for small-field
dosimetry, as reported in literature, especially for fields of the
order of less than 3x3 cm?.528

Through the investigation conducted, the authors aim to
increase the literature available about the use of a reference
chamber during data collection. At this moment, just two
studies on the Stealth Chamber have been reported in the
literature, one by Vazquez et al, and the other by Gersh.1%?

Methods and Materials

Monte Carlo simulations

Monte Carlo simulations for this investigation were per-
formed in two steps. First, a phase space of the linac head was
obtained with and without the Monte Carlo model of the
Stealth Chamber in the geometry built according to manu-
facturer specifications. Secondly, the phase spaces obtained
from these simulations were used in the dose calculation
simulations in the water phantom.

BEAMnrc simulations

Using the phase-space files for TrueBeam photon beams
available by Varian (Varian Medical Systems, Palo Alto, CA)
in International Atomic Energy Agency (IAEA)-compliant
format for 6 and 15 MV, Monte Carlo simulations were per-
formed using BEAMnrc simulations and DOSXYZnrc (NRC,
Canada) dose simulations in order to investigate the pertur-
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bation introduced by the Stealth Chamber on PDDs and
profiles measured in a water tank. Field sizes for 3x3 and 5x5
cm? were simulated for both energies with and without the
Stealth Chamber, which was built according to specifications,
in a water phantom of 30x30x30 cm? and a pixel resolution of
2 mm. The PDDs, profiles, and gamma analysis of the simu-
lations were performed along with an energy spectrum anal-
ysis of the phase-space files generated during the simulation.

Simulations of the linac head were structured in the following
order: phase space of the simulations from Varian until the
region superior to the jaw region for 6 and 15 MV, jaws
(tungsten), Stealth Chamber (for chamber perturbation in-
vestigation). The materials used in the simulations were ex-
tracted from the 700 ICRU PEGS4 (Preprocessor for Electron
Gamma Shower), which are available in BEAMnrc. For elec-
trons a cutoff energy of ECUT=700 keV and for photons
PCUT=10 keV were used (8).

DOSXYZnrc simulations

Dose calculations in DOSXYZnrc Monte Carlo package were
performed with the phase space files described above as input
sources. As in BEAMnrc simulations the ECUT energy used
was 700 KeV, and the PCUT energy was 10 KeV. Figure 2
shows the geometry used in the dose calculation for the sim-
ulations. A water phantom of 30x30x30 cm3 was built in
DOSXYZnrc with a voxel dimension of 2x2x2 mm3. The
number of histories simulated in DOSXYZnrc was established
in order to achieve a statistical uncertainty in the 20 highest
doses calculated of less than 1%.

~ Jaws

55.5 cm (jaws)

Stealth Chamber

Air in DOSXYZnre
simulation

Source plane
(phase-space from BEAMnrc)
(Air in DOSXYZnrc simulation)

H20
30x30x30 cm

FIG. 2: Water phantom dose calculation in DOSXYZnrc.

Evaluation of Monte Carlo simulations

3D dose files of the water simulations were obtained as the
output of the DOSXYZnrc. An in-house MATLAB pro-
gramming language routine (The MathWorks, Inc., Natick,
Massachusetts, USA) was developed to convert 3D dose files
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into ASCII files to be imported into Omnipro software from
IBA. Dose planes of the simulations were imported into Om-
nipro to perform analysis of profiles and gamma analysis of
the simulations. A local dose criterion of 1% and 1 mm was
set for gamma analysis. Furthermore, a spectral distribution
(energy spectrum) analysis was conducted in the Beamdp
software from the BEAMnrc package. The analysis was per-
formed in the phase spaces from the linac head in which an
open field energy spectrum was compared to the energy
spectrum of an open field with the Stealth Chamber in its
path.

Experimental data acquisition

Measurements in water with IBA 3D blue phantom were
performed. A setup similar to the one used in the Monte Carlo
simulations was used in the protocol of data acquisition, and a
source-to-surface distance (SSD) of 100 cm was chosen for all
measurements. All measurements were performed with a
Varian TrueBeam linac for 6 and 15 MV photon energies. For
an ion chamber, a CC13 from IBA was used as our gold
standard for water measurements. The CC13ion chamber has
an active volume of 0.13 cc and an inner radius of 3 mm. In
this work, CC13 measurements refer to CC13 chambers used
as the field and reference chamber in the measurements. For
measurements with the Stealth Chamber as the reference
chamber, a CC13 chamber was set as the field chamber (see
Figure 1). This gave us the freedom to compare measurements
with the same chamber for field measurements with the same
dimensions and the exact same conditions.

PDDs and profiles at the depths of dmax, 5, 10, and 20 cm
were measured during data acquisition for 6 and 15 MV
photon beams. PDD comparison for fields ranging from 1x1
to 25x25 cm? were performed. Profile comparison for fields
ranging from 1x1 to 25x25 cm? were executed for the depths
of dmax, 5, 10, and 20 cm. A Criterion of 1%, 1 mm was used
to compare PDDs and profiles.

Furthermore, transmission measurements were performed
with the Stealth Chamber and a Matrixx detector from IBA,
which has an active area of 24.4 by 24.4 cm?, a 1020 chamber
arrangement, and a resolution of 7.62 mm. Measurements for
6 and 15 MV with a 10x10 cm? field were acquired with an
open field. A second set of measurements with same
open-field conditions as above was performed but this time
with the Stealth Chamber in the path of the beam.

Analysis of the transmission measurements for the Stealth
Chamber was performed in the Omnipro software from IBA.
Profiles and gamma analysis with a passing criterion of 1%
and 1 mm used for our transmission data comparison. The
first goal of the transmission data was to quantify the amount
of attenuation that the Stealth Chamber provided while on
the path of the beam. Secondly, the transmission data were
used to demonstrate that for relative comparison, the use of
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the Stealth Chamber would not introduce a large perturba-
tion to the beam. After the data were normalized, the passing
criterion for all of the points in our measurements was a
gamma of a 1% dose difference and a 1 mm distance to
agreement (DTA).

Results

Monte Carlo simulations

The Monte Carlo model was evaluated through comparison to
commissioning data of the TrueBeam machine used in the
investigation. PDDs and profiles at depth of dmax, 5, 10, and
20 cm, acquired during linac commissioning were compared
against our Monte Carlo data in order to benchmark our
model. PDDs and profiles were within a 1% dose difference
and a 1 mm DTA between our Monte Carlo model and the
beam commissioning data. An example of the data agreement
is presented in Figure 3 for a PDD comparison for a 6 MV
with 3x3 and 5x5 cm? data comparison.

Figure 4 shows the results for a 6 MV beam and a 3x3 cm?
field with and without the reference chamber in its beam
path. Results of the PDDs and profiles demonstrate agree-
ment between both simulations and the commissioning beam
data. Furthermore the gamma analysis (1%, 1mm) results of
the comparison of both planes have 100% of the points pass-
ing the criteria. Similar results were obtained from the rest of
the simulations with a 6 and 15 MV photon beam, with 3x3
and 5x5 cm? fields.

The results of the analysis of the spectral distribution to assess
the perturbation introduced by the Stealth Chamber as a
reference chamber are summarized in Figure 5. The spectral
distribution analysis of the phase spaces for an open field with
and without the chamber reveals the agreement between
both simulations. The close match between these simulations
for the energy spectrum analysis illustrates the very small
perturbation introduced into the beam when the Stealth
Chamber is used as a reference chamber.

Stealth chamber and physical measurements in water
PDD curves obtained from measurements with the Stealth
Chamber and the CC13 as the reference chamber were com-
pared to each other for field sizes ranging from 1x1 to 25x25
cm? as described above for 6 and 15 MV. The PDD compari-
son is shown in Figures 5 and 6 below. Both curves agree
within a criterion of 1%, 1 mm of each other. Normalized
PDD comparison is presented in Figures 6 and 7, and no
difference can be observed for relative measurements ac-
quired with the CC13 chamber or the Stealth Chamber as a
reference chamber in the measurements. Similar results have
been observed in the rest of the field measured in this inves-
tigation with a criterion of 1%, 1 mm DTA.
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FIG. 3: Monte Carlo model PDD comparison against commissioning data for a) 6 MV, 3x3 cm? field and b) 6 MV, 5x5 cm? field.
Dose Plane
a) [%] Signal
nu.c_ﬁ'l'l"'l"'|'l'=|‘|'l'l'|'|'
3x3 open field 100.0—

w
=
=

12.0

Dose Plane

3x3 open field
wiChamber

300

I‘I|I|I‘I|I|I|I|I|\|I|I|I|I|I
0.0 4.0 8.0 12.0 16.0 20.0 240 ES.
depth cm
3x3 open field

—  3x3open field PDD Comparison

w/Chamber
b) Dose Plane
" 3 . Atmckia Count ‘A fomi| X10.10, X229.00, ¥1- 1490, Y214.00
Gamma Analysis 1%, 1mm criteria I
16000-
14000
1.25 12000
112 .
1.00
0.87 2000
0.75 i
0.62
0.50 B
0.37 o
025 s
0.12 o LI L L R L L L L L L L L L L L B L S
000 s L L i i e
0.0 40 80 120 160 200 240 FB‘T
cm] X
Total number of pixels: 22500 Gamma Analysis
Minimum Signal: 0.00 Histogram
Maximum Signal: 0.80
Average Signal: 0.04
Standard Deviation: 0.06
Pixels in Ranges:
0.00 to 0.00 : 0O (= 0.00 %)
0.00 to 1.00 22500 (= 100.00 %)
1.00 to 0.80 0 (= 0.00 %)

FIG. 4: a) Profile and b) gamma analysis of Montecarlo Simulation data for a field size of 3x3 cm? at 6 MV with and without the Stealth chamber.

© Vazquez-Quino et al. ISSN 2330-4049



Volume 3 » Number 2 » 2015

International Journal of Cancer Therapy and Oncology 5

www.ijcto.org

a) 3.00E-07

AU,

) So0E08

AU,

250807
200807
150807
100E-07
5.00E-08
0.00E+00
2 4 [

Energy (MeV)

3.00E-08

FO0E-08

6.00E-08

5.00E-08

4 00E-08

300E-08

200E-08

100E-08
0.00E+00

o 5 10 15

Energy (MeV)

® Open Field

Chamber

* Open Field

——Open Field with Stealth

——Open field with Stealth
Chamber

b)

. ZS0E-O7

d)

AU,

4 50E-07

400E-07

3.50E-07

3.00E-07

200E-07

150E-07

100E-07

5.00E-08

0.00E+00

300E-07

250807

200607

150E-07

100E-07

5.00E-08

0.00E+00

o 2 4
Energy (MeV)

o 5

10

Energy (MeV)

* Open Field

=——0Open Field with Stealth
Chamber

® Open Field

——QOpen Field with Stealth
Chamber

FIG. 5: Spectral distribution (Energy spectrum) analysis of the Phase spaces at 6 MV a) 3x3 cm? b) 5x5 cm? and 15 MV c¢) 3x3 cm? d) 5x5 cm? for an
open field with and without the stealth chamber on the path of the beam.

PDD (%)

80
4 {\
0

200

d) " Depth(mm)

8D
5
‘ [\

200

PDD (%)

Depth (mm)

—CC13

+ e Stealth
Chamhber

—CC13

«ess Stealth
Chamber

b)

PDD (%)

PDD (%)

Depth (

Depth (

200

m

200

m

m)

m)

—CC13

«« e Stealth
Chamber

—(C13

«eea Stedlth
Chamber

PDD (%)

f)

PDD (%)
:

—(CC13
« s s Stealth
Chamber
100 200 300 400
Depth (mm)
—(CC13
oo e Steglth
Chamber
100 200 300 400
Depth (mm)

FIG. 6: Comparison of percent depth dose (PDD) for the stealth and regular ion chamber for 6 MV a) 1x1 cm? b) 3x3 cm?; and ¢) 5x5 cm? and 15
MYV; d) 1x1 cm?; e) 3x3 cm?; and f) 5x5 cm?. Agreement between PDD of both chambers holds across all field sizes.

© Vazquez-Quino et al.

ISSN 2330-4049




6 Vazquez-Quino et al.: Evaluation of a novel reference chamber “stealth chamber”

International Journal of Cancer Therapy and Oncology
www.ijcto.org

a)
z N\
= - N
(=]
= \
o \&
-100 0 100 200 300 400
Depth (mm)
)
£ f N
(=]
g \\
\~
-100 Q 100 200 300 400
Depth (mm)

=—(CC13

« » «Stealth Chamber

—CC13

« « + Stealth Chamber

b)

4

£ \
a i)
2 \ —_—cr13
Ny, « * » Stealth Chamber
it \
il

20

-100 o 100 200 300 400
Depth (mm)

120

166

B8O “\
g \
a A
8 ~ —cc13

\ + *Stealth Chamber
4
~
iy
a

-100 Q 100 200 300 400

Depth (mm)

FIG. 7: Comparison of percent depth dose (PDD) for the stealth and regular ion chamber for 6 MV a) 10x10 cm?; b) 25x25 cm?; and 15 MV;

¢) 10x10 cm?; d) 25x25 cm?.

a) b)
120 120
100 1
s S P 'S
q
) s = #80
3 wn ’
o
- 2 ® 60
o i # Stealth Chamber g * # Stealth Chamber
> L] L 2
= =]
& 0 —cc13 5 a0 @ cc13
& & ©
L 2
a5 : 20 ..
o cmmn® Vs
3 2 1 0 1 2 3 4 2 0 2 4
Off axis (cm) Off axis (cm)
c) d)
120 120
T T
ES 2 80
P 3
8 =
° e 60 ® Stealth Chamber
g & Stealth Chamber .2
& =]
© & 40 —cc13
> —CC13 7]
2 5
20
0
6 4 3 0 2 4 6
4 4
. Off axis (cm
Off axis (cm) (cm)

FIG. 8: Comparison of profiles of the stealth (diamond markers) and regular ion chamber (solid line) for 6 MV at a depth of 1.5 cm across different
field sizes a) 1x1 cm?; b) 2x2 cm?; ¢) 3x3 cm?; and d) 5x5 cm?. Agreement between measurements of both chambers holds across all field sizes.

© Vazquez-Quino et al.

ISSN 2330-4049



Volume 3 » Number 2 » 2015

Agreement between PDD of both chambers holds across all
field sizes. Figure 8 shows the results of the profile compari-
son for 1.5 cm-depth measurements with 6 MV and field sizes
for 1x1, 2x2, 3x3, 5x5 cm?. Figure 9 shows the results of the
profile comparison for 10 cm-depth measurements with 15
MYV and field sizes for 10x10, 15x15, 20x20, and 25x5 cm?.
The same criterion of a 1%, 1mm agreement was followed,
and the data captured with the CC13 and the Stealth Cham-
ber for the relative measurements of profiles are presented
below. Similar results were observed with the rest of the
fields and depths measured.

International Journal of Cancer Therapy and Oncology 7
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Figure 10 illustrates the transmission data obtained with the
Matrixx (IBA) array with an open beam of 10x10 cm? for a 15
MYV energy. Measurements with an open beam and with the
Stealth Chamber mounted on the gantry of the linac were
acquired. Measurements with a 6 and 15 MV photon beam
with field sizes ranging from 3x3 to 25x25 cm? were analyzed,
and results similar to those shown in Figure 6 were obtained
for profiles and gamma analysis with same passing criterion
(1%,1 mm). Average attenuations of 1.5% and 1.1% were
measured by/on the central axis dose for energies corre-
sponding to 6 and 15 MV, respectively.
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FIG. 9: Comparison of profiles of the stealth (diamond markers) and regular ion chamber (solid line) for 15 MV at a depth of 10 cm across different
field sizes a) 10x10 cm?; b) 15x15 cm?; ¢) 20x20 cm?and d) 25x25 cm?. Agreement between measurements of both chambers holds across all field

sizes.
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a 15 MV photon beam.

Discussion

Monte Carlo simulations of the Stealth Chamber in this in-
vestigation have shown that the data obtained with the
Stealth Chamber as a reference chamber are comparable to
those calculated with an open beam with no perturbation in
the path of the beam. Furthermore, energy spectrum analyses
of the phase-space files obtained from the simulations with
and without the Stealth Chamber in the beam path have
shown very little perturbation to the beam and for the ma-
jority of the spectrum can be considered null.

Experimental measurements of PDDs and profiles revealed
comparable dosimetric data acquired with the Stealth
Chamber and our gold standard, the CC13 chamber, as a
reference and field chamber, respectively. When comparing
the PDDs and profiles normalized to the dmax and central
axis, respectively, the matching measurements of both sys-
tems reveal that the agreement holds for all measurements.

Conclusion

The theoretical and experimental results of this investigation
indicate the benefits associated with accuracy and time ex-
pended during the acquisition of relative measurements as
PDDs and profiles for beam commissioning when the Stealth
Chamber is used as a reference chamber to perform these
tasks. The perturbation in the presence of a small field due to
the chamber is minimal and for practical purposes can be
considered invisible to the photon beam. One of the Stealth
Chamber’s main advantages is the time saved due to its ability
to attach to the head of the linac, thus eliminating the need to
reposition it. The comparability of the Stealth Chamber re-

© Vazquez-Quino et al.

sults and the gold standard (CC13) obtained in our investiga-
tions suggests that the Stealth Chamber has several ad-
vantages when used as a reference chamber for small-field

dosimetry, and this makes it very suitable for use in the
commissioning of a treatment planning system especially for

stereotactic

radiation therapy, where measurements of

small-field data are critical for treatment planning system
commissioning.
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