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The problem
A

Stopping powers are essential data for
radiation dosimetry

Tabulated data are used in Monte Carlo
codes and dose calculation algorithms, dose
conversions, etc

Experimental data are limited in scope and
do not have requisite uncertainty to
compare with the calculations and/or
provide some validation
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Can we obtain accurate experimental data to compare

with the calculations?
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What has been done previously?
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There have been a number of attempts over the years
Two types of approach:

Determination of absolute stopping powers
Determination of stopping power ratios

3 MeV electrons
n in ferrous

Available online at www.sciencedirect.com
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A tale of two standards laboratories (going back 20 years)

Measurement of the Stopping Power of
Graphite
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- These studies demonstrated that

R g single-electron approach used at ~
NRC was preferred i)

National Research  Conseil national
Council Canada de recherches Canada




Basic principle
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Particle counting requires a particle source

Radiation Dynamics Ltd
research linac

3-20 MeV

Installed at NPL in 1974
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Energy selection

From

accelerator \
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» The linac employs a ‘pretzel’ achromatic bending magnet

» The different paths that different energy electrons take within the magnet
allow precise energy selection using a pair of movable slits. Both the position
(mean energy) and width (energy resolution) can be varied.

» A narrow slit width can also be scanned across the beam to determine the
electron spectrum

» This design was used in the clinical RDL/ABB Dynaray linacs

irradiation ’
room
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Electron spectrum - example
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A lot of trial &
error was
needed to
optimize the
spectrum shape

Limits, due to
slit edges ,can
be varied down
to < 100 keV
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How do you get the low beam current?

X4

Typical therapy electron beam current ~ 15 nA

For a typical pulse width of 3 pgs and PRF of 250 Hz this
gives ~ 2 x 108 electrons per pulse

» Need, on average, less than 1 electron per pulse
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Two electrons within the
pulse can not be

% U UH discriminated by the
detector

A single patrticle is
recorded with double the
energy

% Use a combination of reduced initial electron beam
current, attenuators within the accelerating structure, and
narrow transmission slit for the bending magnet
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Measuring the individual electrons

Standard HPGe detector

1” thick, 1” radius parallel

electrode design.

» For initial tests, cold finger
design did allow placement
right at exit window

» 1024-channel MCA

/ /
0’0 0’0
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Not ideal but good enough
to investigate systematics
of experiment

National Research  Conseil national
Council Canada de recherches Canada




Results and detector calibration
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Detector testing — energy calibration
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Measured electron energy (MeV)
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Non-linearity is
due to magnet
calibration, not .,
HPGe i {9
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Actual measurements

Normalized count
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Peak shifts to lower
energies and
broadens, as
expected, with
increased absorber
thickness.

10 — 20 minutes counting per point required to obtain at least 100 peak counts
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Analyzing the data — aluminium sheets
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Initial results
———-_———__—_——_——-—-__—

Gaussian fit to the high energy edge of the electron peak
e - was found to be fairly robust and insensitive to energy
losses due to detector geometry and degradation of
' spectrum.

e Repeatability in the measurement of electron energy was
typically 5 keV.

The standard uncertainty in the gradient dE/dt was in the
range 1.0 % to 1.7 %.

Gradient of dE/dt obtained this way is NOT the stopping
power as it ignores, by design, interactions that cause
large energy losses (i.e., those that do not register in the
‘Photopeak’).

Monte Carlo calculations could be used to reproduce the

geometry and determine the equivalent gradient.

Q: Is it possible to have a truly experimental
determination of stopping powers? f;

National Research  Conseil national

Council Canada de recherches Canada



Challenges
———-—_———___—-—————_——_—_

Three experimental limitations of the method were identified:

1. The resolution of the MCA was not enough for energies above 6 MeV
to achieve the target uncertainty of 0.5 %.

2. The low energy of the calibration sources demand excellent linearity
of the MCA.

3. The count rate was too low. Although the count rate is ultimately
limited by the pulse-repetition-frequency of the linac (typically 200-
400 cps) the detector geometry also has an impact.
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Next steps

1. Higher spec MCA

2. Improved energy calibration
using higher-energy photon
sources.

3. Improve count rate and
peak shape through use of
a larger detector

4. Different linac!

Vickers Ltd research linac
3-40 MeV
Installed at NRC in 1968
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Latest progress
————____—__——__-_—__———_

EGSnrc calculations used to find optimal crystal size for HPGe detector:
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Latest progress

Detector system being delivered to NRC this week (April 2015)

/—— Carbon Composite Window

LN » Thin entrance window to
minimize energy losses

» Very thin top electrode of
known thickness (ditto)

» Large Ge volume (80% relative
efficiency)

» Commissioning and testing due
to being summer 2015

> Results to follow!!
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