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Are calibration 
laboratories spending too 
long measuring the wrong 

thing?



Reference dosimetry
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 In North America TG-51 is a procedure to give you a 
measurement of the absorbed dose to water at a point in a 
water phantom

 It’s based on measurements with a calibrated ion chamber:   

ionQ
Co
wDQw MkND

60

,, 

 ND,w is obtained from an ADCL or primary standards 
laboratory (e.g., NRCC in Canada)

 kQ is the factor that converts from the calibration beam (60Co) 
to the uses linac beam, defined by beam quality Q

 Q can represent a photon or electron beam
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TG‐51 and kQ factors

kQ is derived from calculations, based on 
simplified chamber designs



Are those calculations correct?
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≈ 0.3 %



Are kQ factors really generic?
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Std dev = 0.12%

Duane & Simon, WC2003

Standard deviation
Chamber type 60Co ND,w 6 MV 10 MV 25 MV

NE2571 0.06% 0.11% 0.08%

PTW30013 0.10% 0.08% 0.06%

IBA FC-65G 0.14% 0.14% 0.14%
NRC data, 2012



How about electron beams?
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A suggestion that parallel-plate 
chambers are more variable?
Or is it electron beams?



Back to reference dosimetry
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 In NA TG-51 is a procedure to give you a measurement of 
the absorbed dose to water at a point in a water phantom

 It’s based on measurements with a calibrated ion chamber:   

ionQ
Co
wDQw MkND

60

,, 
 ND,w is obtained from an ADCL or primary standards 

laboratory (e.g., NRCC in Canada)

 Irrespective of how kQ is determined (calculation, 
generic measurement, individual measurement) we 
have to calibrate every chamber in 60Co



Is there a different approach?

9

Back to air kerma - the primary standard for 137Cs & 60Co 
gamma rays is the Cavity Chamber 



What is required for a cavity standard?
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• A chamber with a very 
well defined volume

• W/e & Lg/air

• Monte Carlo 

For chambers of the same 
design this is the only one 
that will change from 
chamber to chamber

60Co calibration is really 
just a relative volume 
measurement



60Co ‐ what does the data say?
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Standard deviation
Chamber type 60Co ND,w 6 MV 10 MV 25 MV

NE2571 0.06% 0.11% 0.08%

PTW30013 0.10% 0.08% 0.06%

IBA FC-65G 0.14% 0.14% 0.14%

Standard deviation
Chamber type 60Co ND,w 6 MV 10 MV 25 MV

NE2571 1.01% 0.06% 0.11% 0.08%

PTW30013 0.54% 0.10% 0.08% 0.06%

IBA FC-65G 0.42% 0.14% 0.14% 0.14%

NRC data, 2012

Not inconsistent with uncertainty in ND,w
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stdevLab 1 stdevLab 2 Lab 1/Lab 2
Cylindrical

2505/3 1.7% 0.8% 1.0098
2571 1.4% 0.7% 1.0050
A1 4.5%
A12 1.5% 1.6% 0.9929
A12S 1.2%
A18 1.1%
A1SL 2.3% 1.8% 1.0226
CC13 1.2%
FC65-G 0.4%
FC65-P 1.0%
N23333 1.9% 1.8% 1.0022
N233641 5.3% 4.4% 1.0084
N30001 1.4% 1.4% 1.0035
N30002 1.8% 0.3% 0.9925
N30004 1.9%
N30006 1.0% 1.3% 1.0041
N30010 0.8% 0.7% 1.0011
N30013 1.1% 1.1% 1.0038
N31003 2.5% 2.9% 1.0253
N31006 5.0% 2.4% 0.9962
N31013 1.1% 0.7% 1.0070
PR-05P 4.3% 1.2% 0.9988
PR-06C 1.8% 1.0% 0.9997
PR-06G 2.5% 2.0% 0.9865

More calibration laboratory data ‐ 60Co

stdevLab 1 stdevLab 2

Cylindrical

2505/3 1.7% 0.8%
2571 1.4% 0.7%
2581 2.3% 0.8%
A1 4.5%
A12 1.5% 1.6%
A12S 1.2%
A14 15.2%
A14SL 39.9%
A16 7.2% 1.8%
A18 1.1%
A1SL 2.3% 1.8%
CC13 1.2%
FC65-G 0.4%
FC65-P 1.0%
N23333 1.9% 1.8%
N233641 5.3% 4.4%
N30001 1.4% 1.4%
N30002 1.8% 0.3%
N30004 1.9%
N30006 1.0% 1.3%
N30010 0.8% 0.7%
N30013 1.1% 1.1%
N31002 2.9% 2.1%
N31003 2.5% 2.9%
N31006 5.0% 2.4%
N31010 4.3% 4.1%
N31013 1.1% 0.7%
N31014 1.0%
PR-05P 4.3% 1.2%
PR-06C 1.8% 1.0%
PR-06G 2.5% 2.0%
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stdevLab 1 stdevLab 2 Lab 1/Lab 2
Parallel-plate
A10 5.5% 2.3% 0.9329
A11 6.5% 2.8% 1.0096
P11 6.5% 2.7% 0.9199
N23343 2.1% 2.5% 1.0026
N34001 1.8% 1.6% 1.0051
N34045 2.6% 1.6% 1.0143
PPC05 3.2%
PPC40 5.1%

What about parallel‐plate chambers?

Same two calibration labs

Standard deviations generally larger than 
for cylindrical chambers of the same 
volume



Smaller variation than in 60Co – may be confirmation of Pwall problems
(Both TG-51 and TRS-398 do not favour calibration in 60Co for pp chambers)

Electron beams
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A closer look at the NACP chamber type
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6 %

No data for most recent ‘version’ from IBA
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Conclusion (part 1)

 For the vast majority of reference-class cylindrical 
chambers the standard deviation on ND,w is < 2 %

 This variation includes all possible reasons for chamber-
to-chamber variation – there is the indication that 
volume differences are at the 0.5 % to 1 % level

 For parallel-plate chambers the variation tend to be 
much larger – likely due to manufacturing method

 With a 2 % uncertainty one can assign a generic 
calibration coefficient for any MV beam for a limited 
range of chamber types



Can we independently get the volume?
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The  previous conclusion really means s that we cannot rely on 
the manufacturer’s production QC at the level of uncertainty that 
we need (better than 1 %)

Is there a simple measurement that can easily give the effective
chamber volume?



Modelling what is going on in the chamber cavity
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Snow and DeWerd, Med. Phys. 39 (2012)



Can we independently get the volume?
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But does it pass a reality test?

Micro-CT + electric field modelling 
could give us the effective volume 
with the required accuracy



Is there any other value in an ND,w calibration?
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 An ion chamber is much more than an air volume

 Radiation measurements tell us about operation as well as 
sensitivity

 Only by making radiation measurements can you:

i. Determine that the electrical connections are correct (polarity)
ii. Confirm that components are not failing (leakage)
iii. Compare response with theoretical models (recombination)
iv. Really know how the device will work in its intended environment
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Here’s an example

PTW30001

Variability determined to be 
due to graphite ‘dag’ on 
thimble – chamber redesigned 
with solid graphite inner wall
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Conclusion

 Modern ion chamber designs and manufacturing 
processes result in small chamber-to-chamber 
variations in the volume of the air cavity

 Alternative techniques potentially offer a non-
radiation route to determining the chamber volume, 
allowing the possibility of generic ND,w and kQ values

 BUT - radiation measurements remain the only way 
to verify that ion chambers are “fit for purpose”
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Conclusion

 Ionizing Radiation Calibration Laboratories are 
not obsolete!

BUT:
 Quantitative imaging has a potential role to 

play in the calibration lab as well as in the clinic 

 We need to regularly review our procedures to 
make sure that the right measurements are 
being made
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THANK YOU


