
Heat correction factor of the PTB 
water calorimeter in ultra-high pulse 
dose rate  electron beam

Alexandra Bourgouin1, Thomas Hackel1, R.-P. Kapsch1

(1) Physikalisch-Technische Bundesanstalt (PTB), Braunschweig, Lower Saxony, Germany



2

Faculty Disclosure

No, nothing to disclose 



3

What’s it about?

Measurement of temperature increase, ∆T,
due to radiation for a specific medium

α

β

γ
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Dose equation

Dose to water

Dw ∝ ∆T ∙ cw ∙ kHC
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Temperature change
Measurement

Dw ∝ ∆T ∙ cw ∙ kHC

Dose to water

Dose equation



6

Temperature change
Measurement

Specific heat capacity of water
Consensus value

Dose to water

Dose equation

Dw ∝ ∆T ∙ cw ∙ kHC
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Temperature change
Measurement

Heat transfer correction
Thermal simulation

Specific heat capacity of water
Consensus value

Dose to water

Dose equation

Dw ∝ ∆T ∙ cw ∙ kHC
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Typical measurement runs
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Typical measurement runs
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Typical measurement runs
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Typical measurement runs

Mid radiation time

∆T

D𝑤 ∝ ∆T ∙ kHC
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Typical measurement runs
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What about UHPDR?

Beam 
ON

~ sec ?
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Primary standard at PTB

➢ Glass vessel “plane-parallel” type

− Same design as the primary standard

− Quasi-adiabatic mode

− Developed in the early 2000s



➢ MR-linac compatible calorimeter 

17

Primary standard at PTB

− Developed in the late 2010s

− Same design as the primary standard

− Quasi-adiabatic mode

− Developed in the early 2000s

➢ Glass vessel “plane-parallel” type

− Metallic materials were avoided during its construction
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Simulations

➢ Thermal simulation

− FEM simulation (COMSOL)

− Based on model from Dr. Krauss

− Validated by comparing result for 60Co beam source

➢ Monte Carlo simulation (EGSnrc)

− Energy mapping for thermal simulation

− Two models:  In a water cube

Simplified MR-linac geometry
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Simulated temperature-time traces
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Time (s)

Simulated temperature-time traces
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Two models

Time (s)
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Comparison with measurements
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Correction factor
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Time (s)

Conv-RT electron beam: 
10 MeV to 20 MeV

from 0.996 to 1.006

kc=
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= 0.9965

kc= 1.0040
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Uncertainty

➢ Uncertainty based on:

− The difference between the two thermistors simulated

− The difference between the two models of energy mapping

− Position within 2 mm of the reference point of measurement (radial and depth)
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Uncertainty

➢ Uncertainty based on:

− The difference between the two thermistors simulated

− The difference between the two models of energy mapping

− Position within 2 mm of the reference point of measurement (radial and depth)

0.20%



➢ Despite the very different temperature-time trace of the calorimeter 
irradiated using a UHPDR electron beam…
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Conclusion



➢ Despite the very different temperature-time trace of the calorimeter 
irradiated using a UHPDR electron beam…
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Conclusion

…both the correction factor and the uncertainty remain comparable to those 
obtained with conventional dose rate radiation. 



➢ Despite the very different temperature-time trace of the calorimeter 
irradiated using a UHPDR electron beam…
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Conclusion

…both the correction factor and the uncertainty remain comparable to those 
obtained with conventional dose rate radiation. 

However, the analysis of the temperature-time trace had to be modified!
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