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Project Objectives

(1) Develop a graphite calorimeter as a ‘local’, clinical dose standard

(2) Maintain the usability and utility of an ionization chamber

(3) Aim for practicality, user-friendliness, robustness,
and a higher accuracy than achievable using ion chambers
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Fundamental Equation of Absorbed Dose Calorimetry

∆𝐸rad energy imparted by radiation

𝑚core mass of core (i.e., sensitive volume)

𝑐𝑝,core specific heat capacity at constant pressure of core

∆𝑇 rise in temperature

𝑫𝐜𝐨𝐫𝐞 =
∆𝑬𝐫𝐚𝐝
𝒎𝐜𝐨𝐫𝐞

= 𝒄𝒑,𝐜𝐨𝐫𝐞 ∙ ∆𝑻
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Isothermal Mode
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Isothermal Mode
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Isothermal Mode
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Isothermal Mode
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Isothermal Mode
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Post-drift

𝑫𝒄𝒐𝒓𝒆 =
𝟏

𝒎𝐜𝐨𝐫𝐞
∙ න𝑷(𝒕) ∙ 𝒅𝒕
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Prototype Design (Aerrow MKIV)

Core

Jacket

Shield

Pyrogel

Pyrogel
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Mass Impurity Correction
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DOSIMETRY FORMALISM
PART I

FOR HIGH-ENERGY PHOTON BEAMS
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Dose to Water Analog
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Dose to Water Analog
Introduction – Dosimetry Formalism – MK-V Construction – Initial Testing – Future Directions

Aerrow
in phantom



Dose to Water Analog
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Dose to Water Analog

𝑫𝒘,𝑸 𝒛𝐫𝐞𝐟 = 𝑴𝒘,𝑸 ∙ 𝑵𝑫,𝒘,𝑸𝟎 ∙ 𝒌𝑸,𝑸𝟎

Chamber-based reference dosimetry: 

Aerrow-based absolute-reference dosimetry: 

𝑫𝒘,𝑸 𝒛𝐫𝐞𝐟 = 𝑫𝐜𝐨𝐫𝐞,𝑸 ∙ 𝒇𝒘,𝐜𝐨𝐫𝐞,𝑸𝟎
𝑫𝐜𝐨𝐫𝐞→𝑫𝐰 ∙ 𝒌𝑸,𝑸𝟎 = 𝟏. 𝟏𝟑𝟏 ∙ 𝑫𝐜𝐨𝐫𝐞,𝑸 ∙ 𝒌𝑸,𝑸𝟎
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Photon Beam kQ,Q0 Comparison

1 %
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Photon Beam kQ,Q0 Comparison

1 %

2 %

6X, 6FFF, 10X, 10FFF, 15X
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Mass Impurity Correction
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Uncertainty on Dw Determination
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MK-V CONSTRUCTION
PART II

FROM BENCHTOP TO BUNKER
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Aerogel Thermal Insulator
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Aerogel Thermal Insulator
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Aerogel Thermal Insulator
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INITIAL TESTING
PART III

EXPERIMENTAL RESULTS
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Aerogel Thermal Insulator
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σ = 2 µW

σ = 0.2 µW



Aerogel Thermal Insulator
Introduction – Dosimetry Formalism – MK-V Construction – Initial Testing – Future Directions



Introduction – Dosimetry Formalism – MK-V Construction – Initial Testing – Future Directions

FUTURE DIRECTIONS
PART IV

VALIDATION AND REFINEMENT



3 mm

Device Miniaturization

6 mm

MK-V

MK-VI
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Electronics Engineering
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New Applications

#2 #3
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New Applications

#3#1
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New Applications

#1 #2
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Contact:

mail.caldose@gmail.com

James Renaud1 |  Arman Sarfehnia1,2 |  Julien Bancheri1 |  Jan Seuntjens1

1McGill University, Montréal, Canada
2University of Toronto, Toronto, Canada

For more information visit caldose.com
Project portfolio, entirely non-commercial
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Adiabatic Mode
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Adiabatic Mode
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Adiabatic Mode
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Adiabatic Mode
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𝑫𝒄𝒐𝒓𝒆 = 𝒄𝒑,𝒄𝒐𝒓𝒆 ∙ ∆𝑻
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Reference Dosimetry Comparison

76.5 cGy
±0.7 cGy

76.2 cGy
±0.7 cGy

75.3 cGy
±0.6 cGy

Reference-class 
chamber (TG-51)

Aerrow: 
Quasi-adiabatic

Aerrow: 
Isothermal
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Linearity
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Dose Rate Dependence
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Relative Calorimeter Response
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Orientation Dependence
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Perpendicular B-field Dependence
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The Take Away

(1) Routine clinical reference dosimetry with The Aerrow 
is within reach
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The Take Away

(1) Routine clinical reference dosimetry with The Aerrow 
is within reach

(2) Compared to chambers, The Aerrow is much less energy dependent
and requires fewer correction factors
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The Take Away

(1) Routine clinical reference dosimetry with The Aerrow 
is within reach

(2) Compared to chambers, The Aerrow is much less energy dependent
and requires fewer correction factors

(3) The Aerrow’s accuracy is currently on par with current TG-51,
but has significant room for improvement (~0.5 %)
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