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 The B-field distorts 

electron trajectories
• Local hot/cold spots in 

the dose distribution

• Changes in ion 

chamber dose

𝑫𝒄𝒂𝒗(𝑩)

𝑫𝒄𝒂𝒗(𝟎 𝑻)

NE2571 

6MV beam

~ 8%

Need correction factors!
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Magnetic fields in EGSnrc

All simulations are performed using egs_chamber

Magnetic field effects are accounted for using a 
recently implemented and validated set of macros.
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Passes the Fano test at the 0.1% level

Agreement with experiment excellent to about 1T
 Air gaps around the chamber

 Direction of the incoming beam
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Orientation is used in all published experiments

Noted several percent discrepancies
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 Fringing of the charge 
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Monte Carlo usually uses 
the geometric sensitive 
volume instead of the 
potentially unknown true 
sensitive volume.
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Sensitive volume – the problem!

 Fringing of the charge 
collecting electric field inside 
the ion chamber. [2]

Monte Carlo usually uses 
the geometric sensitive 
volume instead of the 
potentially unknown true 
sensitive volume.

Not an issue in the 
absence of a magnetic 
field
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Sensitive volume – the problem!
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• Simulate with 0 mm, 0.5 mm, or 1 mm of “dead” 
region excluded from the sensitive volume

• Results shown for PTW 31010 and 31006

0.5 mm



Sensitive volume – results
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Sensitive volume – results
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• “Dead” region does not reflect the true sensitive 
volume exactly

• Simulate the E-field or find an optimal orientation
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𝐷𝑤 = 𝑀𝑁𝐷,𝑤
𝐶𝑜60𝑘𝑄

𝑫𝒘 = 𝑴𝑵𝑫,𝒘
𝑪𝒐𝟔𝟎𝒌𝑸

𝒎𝒂𝒈

quality and B-field corr. factor

with magnetic field

B = 0 T

B > 0 T



Calculating 𝑘𝑄
𝑚𝑎𝑔

Victor Malkov – MCMA 2017 30

𝒌𝑸
𝒎𝒂𝒈

=

𝑫𝒘
𝑫𝒄𝒉𝒂 𝑸

𝑩

𝑫𝒘
𝑫𝒄𝒉𝒂 𝟔𝟎𝑪𝒐

𝑩=𝟎𝑻



Calculating 𝑘𝑄
𝑚𝑎𝑔

Victor Malkov – MCMA 2017 31

𝑘𝑄
𝑚𝑎𝑔

=

𝐷𝑤
𝐷𝑐ℎ𝑎 𝑄

𝐵

𝐷𝑤
𝐷𝑐ℎ𝑎 60𝐶𝑜

𝐵=0𝑇

photon beam

X
Y

Z

H2O

B

10 cm

30 cm



Calculating 𝑘𝑄
𝑚𝑎𝑔

Victor Malkov – MCMA 2017 32

Water dose is scored 
in a water cylinder 

𝑘𝑄
𝑚𝑎𝑔

=

𝐷𝑤
𝐷𝑐ℎ𝑎 𝑄

𝐵

𝐷𝑤
𝐷𝑐ℎ𝑎 60𝐶𝑜

𝐵=0𝑇

photon beam

X
Y

Z

H2O

B

10 cm

30 cm



Calculating 𝑘𝑄
𝑚𝑎𝑔

Victor Malkov – MCMA 2017 33

𝑘𝑄
𝑚𝑎𝑔

=

𝐷𝑤
𝐷𝑐ℎ𝑎 𝑄

𝐵

𝐷𝑤
𝐷𝑐ℎ𝑎 60𝐶𝑜

𝐵=0𝑇

photon beam

X
Y

Z

H2O

B

10 cm

30 cm

Water dose is scored in 
a water cylinder


60Co at 0.35 T



Calculating 𝑘𝑄
𝑚𝑎𝑔

Victor Malkov – MCMA 2017 34

Water dose is scored in 
a water cylinder


60Co at 0.35 T

Results for PTW 31010
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Rotating chamber
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𝑘𝑄
𝑚𝑎𝑔 - sensitive volume
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 Calculate 𝒌𝑸
𝒎𝒂𝒈

as a function of angle with 

either 0 mm or 1 mm “dead” region
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 Future work:
 Comparison to other MC codes

 Experimental results in the optimal orientation

Code availability:
 Available as a branch of the EGSnrc github code

 At the CLRP website:

http://physics.carleton.ca/clrp/EMFmacros
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