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A protocol is preseribed for clinical reference dosimetry of external beam radiation therapy using
photon beams with nomunal energies between **Co and 50 MV and electron beams with nonunal
energies between 4 and 50 MeV. The protocol was written by Task Group 51 (TG-51) of the
Radiation Therapy Committee of the Amernican Association of Physicists mn Medicine (AAPM) and
has been formally approved by the AAPM for climcal use. The protocol uses 1on chambers with
absorbed-dose-to-water calibration factors, Ni:ﬁ:, which are traceable to national primary stan-
dards, and the equation D2 =MkQN§'_:‘f. where O is the beam quality of the clinical beam, D? is
the absorbed dose to water at the point of measurement of the ion chamber placed under reference
conditions. M 1s the fully corrected 1on chamber reading. and & is the quality conversion factor
which converts the calibration factor for a **Co beam to that for a beam of quality Q. Values of kg
are presented as a function of @ for many ion chambers. The value of M 15 given by M
= Py P1oPaacPpoiM ray . Where M. 15 the raw. uncorrected 1on chamber reading and Py, corrects
for 1on recombination, Prp for temperature and pressure vanations, P, for inaccuracy of the
electrometer 1f calibrated separately, and Py, for chamber polanty effects. Beam quality, Q. 1s
specified (1) for photon beams, by %dd(10), . the photon component of the percentage depth dose
at 10 cm depth for a field size of 10 10 cm? on the surface of a phantom at an $SD of 100 cm and
(11) for electron beams. by Rs; ., the depth at which the absorbed-dose falls to 50% of the maximum
dose in a beam with field size =10% 10 cm’ on the surface of the phantom (=20%20 cm® for
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HOW?

-by cross calibrating user detector against
a primary standard (e.g. calorimeter) in
some reference beam/conditions

Metrology
National Physical Laboratory Institute
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Do =My ND,W-kQ’QO

Can be determined through:
Simulations

OR
Measurements

Background

Reference Dosimetry



kQ’Qo

* Through Simulations:

— Model detector accurately, in reference (Q,) and
clinical (Q) beam quality.

* Through Measurements:

— Measure dose to water using an absolute
dosimeter in clinical (Q) beam quality
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e So far, for MR-linac, we have mainly calculated
beam quality and magnetic field-based
corrections factors (O’Brien et al; Malkov et al;
Spindeldreier et al, ...)
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4 )
* Show feasibility of performing calorimetry in
MRL

* This paves way for future development of
calorimetry based standards at the std labs, as
well as experimental verification of k,

* We looked at Water Calorimetry, Graphite
Calorimetry, as well as chamber dosimetry
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4 )
e Calorimetry is the only true primary standard
for absorbed dose measurement

D (F)=c, -AT(F)
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d )

e Calorimetry is the only true primary standard
for absorbed dose measurement

D (F)=c -AT(F)-] [k

* Advantages:
— Measure Absorbed Dose directly and absolutely

— Theoretically independent of energy, dose rate,
etc
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Principles of Calorimetry
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* The reality is slightly different:
— Small SNR

— Heat transfer

— Heat defect
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* The reality is slightly different:

— Small SNR ) Vessel
L/Thermistors

— Heat transfer
e Let’s operateat4°C

— Heat defect

* Let’s use a vessel to encompass detectors (thermistors)
with high purity water

J
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* To design and construct a water calorimeter
that is:

— Fully MRI-compatible
— Accommodates measurements in MRL and GK
— Positioning can be verified through imaging
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Design / Optimization

MRL/GK Water Calorimetry




WC in MR-Linac WC in Gamma Knife®

Design / Optimization

MRL/GK Water Calorimetry




CONSTRUCTION
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MR Sim Imaging
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MR images of Calorimeter




Graphite Calorimetry

* Pros: Much Higher SNR; Easy to work with

e Cons: Absorbed dose averaged over a volume
in graphite

Construction

Graphite Probe Calorimeter



Construction

Graphite Probe Calorimeter




ROBUST

EASY TO USE

MR COMPATIBLE
SELF CALIBRATING

Background — Design / Optimization — Construction — Results

Graphite Probe Calorimeter
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WCal Setup




Results

GCal Setup
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