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Learning objectives 
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1.  Understand how the radiation field is affected by the 
presence of strong magnetic fields 

2.  Understand how the response of detectors is affected by 
the presence of strong magnetic fields 

3.  Understand differences in relative dosimetry in the 
presence of strong magnetic fields  

4.  Understand differences in reference dosimetry in the 
presence of strong magnetic fields 

 



MR-guided radiation therapy (MRgRT) 
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•  New treatment modality that 
combines MR-imaging with 
radiotherapy linacs or Co-60 
sources 

•  Introduces magnetic fields to the 
radiotherapy environment 

•  Current range from 0.35 T to 1.5 T 
•  Magnetic fields change the 

characteristics of the radiation 
field and affects the response of 
detectors Ingham Institute, Australia 



Dosimetry challenges 
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•  Beam data collection is required for the accurate and safe 
commissioning of the treatment planning system 
–  Response of detectors is affected 

•  Machine calibration using reference dosimetry protocols 
–  Geometrical restrictions 
–  Adapted protocols 



Radiation field is affected by a magnetic field 
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Lorentz Force 
No Magnetic Field 1.5 T Magnetic Field 

Red: electrons 
Blue: positrons 

Electrons continue to 
scatter. 
 
However, their trajectory 
in water/tissue is heavily 
influenced by the 
Lorentz force. 
 
Note: Positrons are 
deflected in the opposite 
direction 



Radiation field is affected by a magnetic field 
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Electron Return Effect 
No Magnetic Field 1.5 T Magnetic Field 

Red: electrons 
Blue: positrons 

Electrons return to high 
density medium 
 
Must to be modelled in 
the treatment planning 
system 



Radiation field is affected by a magnetic field 
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Depth dose 

O’Brien et al. (2016). MP 43, 4915 

Pure Photon Beam dmax %dd(10)x TPR20,10 

No magnetic field 1.85 71.4 0.697 
1.5 T magnetic field 1.30 69.7 0.695 

•  Magnetic field alters the depth dose 
distribution 

•  Shifts dmax to shallower depths 
•  Changes the value of the %dd(10)x beam 

quality specifier 
•  TPR20,10 effectively independent of 

magnetic field strength 

B 

X-ray beam 



Radiation field is affected by a magnetic field 
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Lateral profiles 
•  Magnetic field alters the lateral profiles 
•  Penumbra becomes asymmetric 
•  Penumbra becomes broader on one side 
•  Central axis is shifted 

O’Brien et al. 2017. J. Phys: Conf. Series 847, 012055 
B-field direction 

Scanning direction 

X-ray beam 



Detector response is affected by a magnetic field 
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Air Gap Effect 
O’Brien et al. (2017). MP 44, 3830 

(Adapted) Hackett et al. (2016). MP 43, 3961 



Detector response is affected by a magnetic field 
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Appropriate detectors to measure dose distributions  



Detector response is affected by a magnetic field 
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Effective point of measurement (EPOM) 
Vertical shift Lateral shift 



Detector response is affected by a magnetic field 
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Ionization Chamber Response 
Agnew et al. (2017). PMB 62, 1731 

60Co 

NE2571 
Smit et al. 2013. PMB 58, 5945 



Relative dosimetry 
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Output factors center versus peak of profile 



Adaptation strategies 
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Code of Practices 



Adaptation strategies 
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Dose to Water 

•  NPL using Alanine 
•  Calorimetry 

–  Water calorimetry 
(VSL) 

–  Miniature graphite 
calorimetry 
(Sunnybrook) 

L de Prez et al. (2016). PMB 61, 5051 Courtesy of Dr. Sarfehnia 



Adaptation strategies: reference dosimetry 
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Formalisms 
Current dosimetry formalisms do not account for the effect of the magnet field 
on the ionization chamber response: 

      (or kB) is difficult to measure. Monte Carlo difficult to validate empirically. 

Original  
Formalism 

Adapted  
Formalisms 

(O’Brien et al. 2016) 
(Malkov & Rogers 2018) 

(van Asselen et al. 2018) 

AAPM, IAEA, …  

(Spindeldreier et al. 2017) 



Adaptation strategies: reference dosimetry 
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Ionization Chamber Orientation 

Parallel Anti-parallel 

Clockwise 
perpendicular 

Counter-clockwise 
perpendicular 

O’Brien et al. (2016). MP 43, 4915 



Adaptation strategies: reference dosimetry 
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Ionization Chamber Orientation 

Parallel Anti-parallel 

Clockwise 
perpendicular 

Counter-clockwise 
perpendicular 

O’Brien et al. (2016). MP 43, 4915 



Adaptation strategies: reference dosimetry 
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Ionization Chamber Orientation 

Parallel Anti-parallel 

Clockwise 
perpendicular 

Counter-clockwise 
perpendicular 

O’Brien et al. (2016). MP 43, 4915 



Adaptation strategies: reference dosimetry 
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kB versus Beam Quality Malkov et al. (2018). 
MP 45, 908 

||ch: magnetic field parallel to chamber 
||ph: magnetic field parallel to photon beam 

TPR20,10 is independent of the 
magnetic field  



Adaptation strategies: reference dosimetry 
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Published Values of kB 
O’Brien et al. 2016. MP 43, 4915 

Malkov & Rogers 2018. MP 45, 908 

Smit et al. 2013. PMB 58, 5945 

van Asselen et al. 2018. PMB 63, 125008 

Reynolds et al. 2017 MP 44, 4322 

(1.5 T): PR06C 

Perpendicular	   Parallel	  

0.953	  ±	  0.008	   0.996	  ±	  0.008	  

(perpendicular) 

NE2571 



Final remarks 
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•  Radiation field is affected by the presence of a strong magnetic field 
•  Depth dose distribution 
•  Lateral profile 
•  Ionization density 

•  Detector response is affected by the presence of a strong magnetic 
field 

•  Air gap 
•  Shielding effects 
•  Detector orientation 

•  New strategies must be adopted to perform relative dosimetry 
•  Adapted formalisms and new detectors are required to calibrated 

MRgRT units that employ strong magnetic fields 



Thank you! Questions? 
gsawakuchi@mdanderson.org 
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