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P BP BTTLowLow--energy photonenergy photon--emitting brachytherapy seedsemitting brachytherapy seeds

Permanent seeds e.g. for the 
treatment of prostate cancer:  

125I: 27.20, 27.47 keV
31.00, 31.71  keV

103Pd: 20.07, 20.22 keV
22.72, 23.18 keV

Dw in a water-phantom



P BP BTTOverviewOverview

•• Extrapolation chamber SetExtrapolation chamber Set--upup
•• Problem: Extrapolation from SEEProblem: Extrapolation from SEE
•• Extrapolation MethodExtrapolation Method
•• Comparison to a free air chamber Comparison to a free air chamber 
•• Uncertainties: Conversion factorsUncertainties: Conversion factors
•• ResultsResults
•• ConclusionConclusion



P BP BTTGraphite Extrapolation Graphite Extrapolation ChamberChamber
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P BP BTTExtrapolation from SEEExtrapolation from SEE
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P BP BTTEffectsEffects

•• BeamBeam divergencedivergence

•• StrayStray radiationradiation

•• AbsorptionAbsorption



P BP BTTPhoton Fluence Photon Fluence SpectraSpectra ((FluRZnrcFluRZnrc))
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P BP BTTMethod IMethod I

xxDA
W
exQ airair ⋅⋅⎟

⎠
⎞

⎜
⎝
⎛= )()( ρ

∫
∫

⋅⋅Ψ

⋅⋅Ψ
==

dE

dE

xK
Kxk

air
en

MC

air
en

MC

g
air

g
airMC

KC
ExE

EE

)/(

)/(

)(
)0()(

)(),(

)()0,(

ρμ

ρμ

)()( xDxK g
air

g
air =SEE:SEE:



P BP BTTMethod IIMethod II
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P BP BTTMethod IIIMethod III
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P BP BTTConversion factor ( x , Conversion factor ( x , EE))
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P BP BTTMeasured Data (N30) Measured Data (N30) 
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P BP BTTLinear ExtrapolationLinear Extrapolation
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P BP BTTComparison with a free air chamberComparison with a free air chamber



P BP BTTConversion factorsConversion factors 

Radiation Quality air
en

w
en

)/(
)/(

ρμ
ρμ  gw

aaC ,
,  

N 20 1.021 ±  0.8 % 0.4106 ±  2.1% 

N 25 1.018 ±  0.5% 0.7399 ±  1.1% 

N 30 1.016 ±  0.5% 1.043 ±  1.1% 

N 40 1.011 ±  0.5% 1.450 ±  1.1% 

Quotient folded o. Quotient folded o. 
same Spectrumsame Spectrum
0.5 % > 10 keV0.5 % > 10 keV
1 % < 10 keV1 % < 10 keV

µµen en folded o. a spectrumfolded o. a spectrum
1% > 10 keV1% > 10 keV
2% < 10 keV2% < 10 keV

not totally independentnot totally independent



P BP BTTMeasured Data (N20Measured Data (N20--N40)N40)
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P BP BTTResultsResults
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 ( )mmC /10 12−  ( )Gy410−  ( )Gy410−  ( )Gy410−  ±  
N 20 2.075 3.263 8.083 3.319 1.017 
N 25 3.869 6.067 8.275 6.123 1.009 
N 30 3.649 5.709 5.446 5.680 0.995 
N 40 4.821 7.508 5.135 7.446 0.991 

 rel. unc. [%] rel. unc. [%] rel. unc. [%] rel. unc. [%] rel. unc. [%]
N 20 0.38 0.85 0.38 2.1 2.3 
N 25 0.53 0.73 0.38 1.2 1.4 
N 30 0.56 0.76 0.38 1.2 1.4 
N 40 0.54 0.74 0.38 1.2 1.4 



P BP BTTSummary and ConclusionSummary and Conclusion

• Method to determine the  water-kerma 
inside a graphite phantom

• Conversion factor (MC): Kw, g (x) Kw, g (0)

• Uncertainty ~ 1 % (k=1)

• Phantom of water equivalent material -> Dw
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