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1 Comparing lon Chamber Array to Water
Phantom for Detecting Changes in Beam

Energy and Symmetry

Varian Medical Systems continually strives to improve and simplify
clinical workflow through new product development. Varian also
recognizes the growing need for development of new, efficient, and
increasingly informative system test methodologies to ease the workload
of key physics resources responsible for ensuring system operation to
performance standards. The initiative reported on herein is development
of a new methodology for measuring beam profile constancy using the
Sun Nuclear IC Profiler. The focus of this reference guide is on the

measurement of beam energy and symmetry constancy.

Background
Historically, the water phantom has been the industry standard for beam
profile measurements and the source of beam scan records. However;
water phantom systems require substantial time and resources, making
their daily use impractical. Beam quality assurance is often measured
daily using commercial diode arrays®” or ion chamber arrays, but lack of

formal comparison of the data provided by the water phantom and array
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technologies has prevented Varian from using an array technology in lieu

of a water phantom for on-site performance testing.

Varian’s prior studies of the ion chamber array technologies have
established that for manufacturing testing purposes, the ion chamber
array technology provides excellent results. This investigation applies
use of the same ion chamber array technology to relative beam profile
measurements, specifically to the detection of changes in X-ray and
electron energy and symmetry. The device used in this investigation is
the Sun Nuclear IC Profiler, Model 1122 (Sun Nuclear Corp.,
Melbourne, FL).

The investigation has yielded the following results:

1. This device can measure beam energy and symmetry changes with a
sensitivity comparable to a Wellhofer water phantom

2. This device can measure beam profiles with a repeatability

comparable to a Wellhofer water phantom.

Equipment
The Sun Nuclear IC Profiler, Model 1122, 1238 utilized in this study is a
two-dimensional ion chamber array consisting of 251 ion chamber
detectors that simultaneously measure beam profile on four linear arrays
including X axis (transverse), Y axis (radial) and two diagonals (Figure 1).

Each detector has an active detector volume of 0.046 cm? and is spaced
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5 mm apart on X and Y axes and 7.07 mm on diagonals. The maximum
measurement range is 32 cm x 32 cm on X and Y axes and 45 cm x 45 cm

on the diagonals. The intrinsic buildup of the array is 0.9 g/cm?.

45.0cm diagonals

251 total chambers

32.0 x 32.0cm array size

Acrylic top plate

Power/Data input

Status Indicators

Figure 1: Sun Nuclear IC Profiler, Model 1122
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2 Calibration, Measurement Setup, and

Procedures

Beam profile measurements were performed using the following setup

conditions.

Beam Profile Measurement Conditions IC Array Calibration Conditions

Energy Buildup SSD Field Size Energy | Buildup SSD Field Size

4 MeV 3mm 100cm | 25x25cm? | 4 MeV 3mm 120cm | 25x 25 cm?

6 MeV, ) )
3 mm 100 cm 25x25cm 6 MeV 3mm 120 cm 25x25cm

6 MeV HDTSE

9 MeV, ) )
3 mm 100 cm 25x25cm 9 MeV 3mm 120 cm 25x25cm

9 MeV HDTSE

12 MeV 3mm 100cm | 25x25cm? | 12 MeV 3mm 120cm | 25x 25 cm?

15 MeV-22 MeV 3 mm 100cm | 25x25cm® | 16 MeV 3 mm 120cm | 25x25cm?

6 MV SRS (C-

series systems 1cm 74cm | 15x 15 cm? 6 MV lcm 100 cm | 35 x 35 cm?

only)

All other X-ray lcm 74cm | 40 x 40 cm? 6 MV lcm 100 cm | 35x35cm?

Table 1: Measurement setup with corresponding array calibration conditions
for each energy. A double wedge*? is used for all electron energy
measurements

All electron energy calibrations utilized a 3 mm buildup to ensure
quantitative profiles for symmetry measurements in the double electron
wedge configuration (described below). The double wedge configuration

allows symmetry and energy measurements to be recorded with a single
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measurement setup. All X-ray mode calibrations and measurements

utilized a 1 cm additional buildup.

Since the primary goals of the measurements in this investigation are
beam profile constancy and detection of changes in beam energy and
symmetry, it is considered acceptable to calibrate the device for electron
energy configurations above 15 MeV and all X-ray energy configurations
using a single electron energy and a single X-ray energy configuration,

respectively.

Test Results and Analysis
Beam energy and symmetry measurements for 6 MeV, 20 MeV, 6 MV,
and 20 MV beams were measured using a Wellhofer water phantom
(with current Varian protocol) and the Sun Nuclear IC Profiler (with the
protocol described in this document). The results were then compared

and analyzed.

Electron Beam Energy Measurements

Electron beam energies at different bend magnet currents were measured
with the IC Profiler using a double electron aluminum wedge
configuration (Figure 2). In this configuration, two aluminum wedges are
affixed opposite each other on a frame so that there is an increasing
amount of buildup along the diagonal axes moving away from the beam

center. Higher energy electron beams will deliver more dose in the
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region of higher buildup than will lower energy electron beams. As a
result, as the electron energy increases, the measured field size along the
wedge direction increases (Figure 3). The area surrounding each wedge is
filled with a 3 mm slab of solid water; resulting in a total buildup over
the non-wedge detectors of 1.2 cm (3 mm buildup plus 9 mm intrinsic to
the device).

Aluminum
weadges

//l/‘."-.;;frame mounted
on IC PROFILER

Figure 2: Aluminum double wedge for electron measurements

Sohd water
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The electron energy field size, as measured by the IC Profiler in the
double wedge configuration was compared to the half value depth in
water, R50, as measured by the water phantom. R80 was also plotted for
comparison. Electron energy measurements were performed at 6 MeV,
with energy changes induced by varying the bend magnet current over a
range of 1.2 A. Under these conditions, R50 changed less than 0.2 cm,
while the field size variation measured using the double wedge
configuration of the IC Profiler showed a variation of 0.4 cm (Figure 4),

demonstrating improved sensitivity to small energy changes.

12
'g 11
[J]
N o9
(7)) === E|ectron Field
c 38 Size with IC
Lq:.; 7 Profiler & Wedge
e 6 = R50 Depth with
f. 5 Water Phantom
o 4
o 3 R80 Depth with
E 5 *—0—0 e e PP - Water Phantom
o 1

0 T T 1
17.5 18 18.5 19

Bend Magnet Current (A)

Figure 4: 6 MeV energy changes measured using the water phantom and IC Profiler in
the double wedge configuration. Energy was measured relative to the bend
magnet current.
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The comparative response of the two measurement technologies over a

large electron energy range is shown in Figure 5.

30
- 25
§
:” == Electron Field
N 20 Size with IC
g Profiler & Wedge
@ 15 o= R50 Depth with
It / Water Phantom
(]
= 10 _
v R80 Depth with
(7] Water Phantom
o 5 =

0 T T T T T T T T T T T T T T T T T 1

5 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23
Electron Energy (MeV)

Figure 5: Electron energy scan comparision between water phantom
and IC Profiler with double wedge

The results shown above demonstrate that the electron energy, as

measured by field size using the double wedge-IC Profiler methodology,
provides a significantly larger scale of relative changes of energy than

does the measurement of R50 using a water phantom, enabling detection

of smaller electron energy changes than water phantom depth scans.

Note that although the field size measured with the double wedge-IC Profiler
methodology is independent of the alignment along the wedge direction, a
misalignment in any other direction can impact the field size results.

Therefore, the electron wedge must be well aligned with the IC Profiler and
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the IC Profiler must be well aligned with the beam. Measurement setup

reproducibility is discussed further in “Repeatability” in this document.

X-ray Beam Energy Measurements

A 30 cm x 30 cm field size at a 100 cm SSD was initially considered for
this measurement, to reduce the difference in the scattering effect on the
IC Profiler between the calibration SSD and the measurement. However,
it was found that the sensitivity of horn values was less when measured
using a 30 cm x 30 cm field size than when measured using a 40 cm x 40
cm field size. As a result, the final measurements for all X-ray
configurations, except the 6 MV SRS, used a 40 cm x 40 cm field size with
a reduced SSD of 74 cm to ensure that the IC Profiler electronics were not

directly in the beam.

Diagonal horn measurements for 6 MV and 20 MV, as performed using

the water phantom and the IC Profiler, are shown in Figures 6 and 7.
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Figure 6: 6 MV horn measurement comparison between water phantom

and IC Profiler
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Figure 7: 20 MV horn measurement comparison between water phantom
and IC Profiler
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The data shown in Figures 6 and 7 demonstrate that measurement of the
6 MV and 20 MV horns using the IC Profiler provided comparable, or in
the case of the 6 MV horn measurement, slightly better sensitivity than

that provided by water phantom scans.

Symmetry Measurements

Beam symmetry was measured with the water phantom and the IC Profiler
using the protocol in Table 1 at different steering coil currents. The beam
symmetry was plotted against steering coil currents for comparison between
these two devices. For the IC Profiler, a pair of chambers was selected for
symmetry performance measurements at the specified locations from the
beam center. The pairs of chambers were selected based on their sensitivities
to beam symmetry changes as well as their measurement agreements with

the water phantom scans.

Fixed Pairs of )
Energy Chamber Distance from Center
Chambers
All electron energies 13" 53" 10 cm
20 MV 29", 37" 2cm
6 MV SRS 27", 39" 3cm
All other X-ray energies 18" 48" 7.5¢cm

Table 2: Fixed Pairs of Chambers on IC Profiler Used for On-Graph Point Analysis
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Electron Beam Symmetry

Electron beam symmetry was measured using the IC Profiler and the
water phantom, with symmetry variations induced by varying the
steering coil current. Radial and transverse symmetries were measured
for 6 MeV and 20 MeV and plotted against steering coil currents, with the
results shown in Figures 8 through 11. The term “CPD'” in the figures
stands for “CAX Point Difference,” which is used to evaluate the beam
symmetry. Using this method, the beam symmetry was measured on the
selected pair of chambers and the differences between these two points

were compared.

N ¢ Water Phantom
1
\‘\K\ ® X IC Profiler CPD at
0 5‘\&\\ 10cm
1 Phantom Trendline

X‘\\K\( ——|C Profiler Trendline
-3

-0.4 -0.3 -0.2 -0.1 0 0.1
Angle R Steering (A)

6 MeV Radial Asymmetry (%)

Figure 8: 6 MeV radial symmetry measurement comparison between water phantom
and IC Profiler
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Figure 9: 6 MeV transverse symmetry comparison between water phantom
and IC Profiler
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Figure 10: 20 MeV radial symmetry comparison between water phantom
and IC Profiler
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Figure 11: 20 MeV transverse symmetry comparison between water phantom and IC Profiler

The results shown above demonstrate that the IC Profiler can detect beam

symmetry changes with a sensitivity comparable to the water phantom.

X-ray Beam Symmetry
Symmetry measurements for 6 MV and 20 MV, performed using the IC

Profiler and a water phantom, are plotted in Figures 12 and 13. The results
indicate that the IC Profiler data acquired for 6 MV has excellent agreement
with the water phantom. However, the measurements collected using the IC
Profiler for the 20 MV beam showed slightly less sensitivity than the water
phantom. The sensitivity ratio was approximately 1:1.2, IC Profiler scans to
Water Phantom scans, as shown on both radial and transverse symmetry

measurements (Figures 14 and 15).
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Figure 12: 6 MV radial symmetry comparison between phantom and IC Profiler
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Figure 13: 6 MV transverse symmetry comparison between phantom and IC Profiler
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Figure 14: 20 MV radial symmetry comparison between phantom and IC Profiler
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Figure 15: 20 MV transverse symmetry comparison between phantom and IC Profiler
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Addition of 2.5 cm buildup to the measurement setup for 20 MV
symmetry measurements (bringing the total buildup equivalent to 20 MV
d-max) resulted in an improved sensitivity ratio of 1:1.1, IC Profiler to

water phantom (Figure 16).

5

4 ¢ Water Phantom
X
S
E‘ 3 X IC Profiler with 2.5cm
o buildup and 6 MV CAL
£
£ 1 B IC Profiler with 2.5cm
a buildup and 20 MV CAL
< o
o) Phantom Trendline
T -1
]
« 2
> ——ICP 6 MV CAL Trendline
= -3
o
(o}

-4 ICP 20 MV CAL Trendline

_5 T T T T % 1

-0.200 -0.150 -0.100 -0.050 0.000 0.050 0.100
Angle R Steering (A)

Figure 16: 20 MV radial symmetry comparison between water phantom and IC Profiler

Note that the Wellhofer water phantom OmniPro scan analysis reports
the worst symmetry over the entire field. The results from both devices,
as shown in Figure 17 are comparable (1:1 ratio) if a similar analysis is
performed on the IC Profiler, using the “Panel Analysis” feature.
However, this analysis results in a non-linear response, particularly

between asymmetry values of -1% to +1%, in a manner similar to that
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shown for the water phantom. Therefore, although the panel analysis
feature on the IC Profiler shows better agreement with the water
phantom scans, the use of this feature is not recommended for m the

beam profile constancy due to this non-linear behavior.

¢ Water Phantom

IC Profiler, 2.5cm
1 @ buildup, 20 MV CAL,
Panel-Analysis

Phantom Trendline

-3 IC Profiler Trendline

N

-0.200 -0.150 -0.100 -0.050  0.000 0.050 0.100

20 MV Radial Asymmetry (%)
o

Angle R Steering (A)

Figure 17: 20 MV radial symmetry comparison between water phantom
and IC Profiler using Panel Analysis
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Repeatability
Because of the measurement uncertainties, a short study of the
measurement repeatability including the device setup repeatability was
performed. The following measurements were repeated three times on
the same linear accelerator system without modification of the

measurement setup. The results are summarized and compared in Tables

3 to 6 below.

6 MeV Energy 1sttime | 2 time | 3 time Maximum
Variation

Water Phantom (R50) 2.32 cm 2.32 cm 2.32 cm 0

IC Profiler (Field Size) 10.31cm | 10.30 cm | 10.30 cm 0

20 MeV Energy Isttime | 2rdtime | 3t time Maximum
Variation

WaterPhantom (R50) 8.13 cm 8.12 cm 8.14 cm 0.3%

IC Profiler (Field Size) 24.67 cm | 24.67 cm | 24.67 cm 0

22 MeV Energy Isttime | 2rdtime | 3t time Maximum
Variation

Water Phantom (R50) 8.65 cm 8.65 cm 8.65 cm 0

IC Profiler (Field Size) 26.00cm | 26.00cm | 26.01 cm 0

Table 3: Electron Energy Measurement Repeatability Comparison
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6 MV Energy (Horns) Isttime | 2" time | 3 time Maximum
Variation

Water Phantom 105.5% | 105.5% 105.5% 0

IC Profiler 107.1% | 107.2% 107.3% 0.2%

20 MV Energy (Horns) Isttime | 2rdtime | 3t time Maximum
Variation

Water Phantom 105.5% 105.6% 105.7% 0.2%

IC Profiler 105.3% | 105.3% 105.3% 0

Table 4: X-ray Energy Measurement Repeatability Comparison

Measuring Beam Energy and Symmetry Constancy with an lon Chamber Array
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6 MeV 1st time 2nd time 3rd time Maximum
Radial Symmetry Variation
Water Phantom 0.2% 0.1% 0.3% 0.2%

IC Profiler -0.5% -0.5% -0.5% 0

6 MeV 1st time 2nd time 3rd time Maximum
Transverse Symmetry Variation
Water Phantom 0.3% 0.3% 0.3% 0

IC Profiler 0.2% 0.2% 0.2% 0

20 MeV 1st time 2nd time 3rd time Maximum
Radial Symmetry Variation
Water Phantom -0.8% -0.7% -0.7% 0.1%

IC Profiler -1.8% -1.8% -1.7% 0.1%

20 MeV 1st time 2nd time 3rd time Maximum
Transverse Symmetry Variation
Water Phantom 1.1% 1.0% 1.1% 0.1%

IC Profiler 0.5% 0.6% 0.6% 0.1%

Table 5: Electron Symmetry Measurement Repeatability Comparison
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6 MV 1st time 2nd time 3rd time Maximum
Radial Symmetry Variation
Water Phantom 0.5% 0.3% 0.4% 0.2%

IC Profiler 1.3% 1.3% 1.3% 0

6 MV 1st time 2nd time 3rd time Maximum
Transverse Symmetry Variation
Water Phantom -0.3% -0.2% -0.4% 0.2%

IC Profiler -0.9% -0.8% -0.9% 0.1%

20 MV 1st time 2nd time 3rd time Maximum
Radial Symmetry Variation
Water Phantom 1.7% 1.7% 1.5% 0.2%

IC Profiler 2.7% 2.7% 2.7% 0

20 MV 1st time 2nd time 3rd time Maximum
Transverse Symmetry Variation
Water Phantom 0.6% 0.7% 0.6% 0.1%

IC Profiler 1.1% 1.1% 1.1% 0

Table 6: X-ray Symmetry Measurement Repeatability Comparison

The following measurements were performed on the same linear

accelerator system, with the measurement setup removed and re-installed

by the same operator, in an effort to quantify the device setup

uncertainty.
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Maximum
6 MeV Energy Isttime | 2ndtime 3 time

Variation
Water Phantom (R50) 2.28 cm 2.28 cm 2.27 cm 0.4%
IC Profiler (Field Size) 1032 cm | 10.33cm | 10.33 cm 0.1%
6 MeV 1st time 2nd time 3rd time Maximum
Transverse Symmetry Variation
Water Phantom 0.3% 0.2% 0.3% 0.1%
IC Profiler -0.4% -0.4% -0.4% 0

Table 7: Electron Energy and Symmetry Measurement Setup Repeatability Comparison

6 MV Energy (Horns) Isttime | 2ndtime 3 time Max.l i
Variation

Water Phantom 106.1% 106.0% 106.0% 0.1%

IC Profiler 107.1% 107.0% 107.1% 0.1%

6 MV Isttime | 2ndtime 3 time Maximum

Transverse Symmetry Variation

Water Phantom 0.5% 0.6% 0.3% 0.3%

IC Profiler -1.1% -1.1% -1.0% 0.1%

Table 8: X-ray Energy and Symmetry Measurement Setup Repeatability Comparison

The results suggest that overall the IC Profiler has very similar or slightly

better measurement repeatability than the water phantom. However, in
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terms of overall measurement setup efficiency and simplicity, the IC

Profiler is superior.

Environmental Effects

All chambers on the IC Profiler are vented; therefore, for normalized
measurements such as beam profile scans, the IC Profiler is immune from
variations in atmospheric pressure. Temperature changes will result in
relative changes between chambers if the IC Profiler is not allowed to
reach the thermal equilibrium. If all chambers are at the same
temperature, then any relative temperature change will be equal across
the array, and thereby be cancelled in the normalization process. For the
best results one should allow at least 30 minutes of dwell time before

making any measurements.

Summary
The IC Profiler has been demonstrated to be an acceptable alternative to
the water phantom for measurement of beam energy and symmetry
changes. The measurements documented in this report show that the IC
Profiler is capable of detecting beam energy and symmetry changes for
electron and X-ray beams with a sensitivity comparable to that provided
by a water phantom, and with a similar or better repeatability than the

water phantom.
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3 Contacting Varian Medical Systems

If you seek information not included in this publication, call Varian

Medical Systems support at the following locations:

= United States and Canada telephone support +1 888 827 4265

= United States and Canada Direct telephone support +1 650 213 1000

= European telephone Support +4141 749 8844
= Fax (US) +1 702 938 4754
= Fax (Service Europe) +41 41 740 3340

All other countries please call your local service office.

To contact the support location nearest you for Service, Parts or Support,

see the list at the Varian Medical Systems website.

Worldwide Listing:

http://www.varian.com/us/oncology/services and support/contacts.html
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Ordering Additional Documents

To order additional documents call the following;:

=  North America +1 888 827 4265 (Press 2 for parts)

=  Global +1 702 938 4700

Communicating Via the World Wide Web

If you have access to the Internet, you will find Varian Medical Systems
support at the following location:

http://my.varian.com

MyVarian was designed specifically for our existing customers. With
MyVarian, you can get online Help Desk assistance, product

documentation updates, and up-to-date news about Varian products.
If you have a Varian account, enter your username and password.
Otherwise, first click create new account to get a username and

password.

From MyVarian home page, click Contact Us.
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Sending E-Mail
If possible, please send all e-mail inquires through the my.varian.com
web site at http://my.varian.com/contactus; otherwise, use the following

e-mails addresses for support:

North America support-americas@varian.com
Latin America soporte.al@varian.com
Europe support-emea@varian.com

Australia & New Zealand support-anz@varian.com

China china.apps.helpdesk@varian.com
Japan japan.apps.helpdesk@varian.com
South East Asia SEasia.apps.helpdesk@varian.com
Medical Oncology vmosupport@varian.com
Brachytherapy brachyhelp@varian.com

Related Publications
Varian has also made many items of documentation available on the

MyVarian website. Users may freely register for access at:

http://my.varian.com/
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Appendix

Data presented in this report were collected from the listed items below:

IC Profiler REE: 1122800

IC Profiler SN: 6622115-2010-05
IC Profiler Software Version: 3.1.0.10

IC Profiler Firmware Version: 2.4.8

Electron Energy Wedge Model: 1122602

Electron Energy Wedge SN: 1122210AW 6748602

Systems: TrueBeam SN#3; TrueBeam SN#1044, TrueBeam SN#1047
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