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▪ Introduction to Ultra-high dose rate (or FLASH) radiotherapy

▪ Dosimetry challenges in electron FLASH (eFLASH)

▪ Ultra thin parallel plate ion chambers

▪ Noble gas-filled parallel-plate ionization chambers

▪ Recombination model

▪ Relevant parameters

▪ Collection efficiency results

▪ Conclusions
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▪ Ultra-high dose rate (or FLASH) 

radiotherapy widens the therapeutic 

index by preserving normal tissue 

for the same tumor control
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▪ Lower side effects and complications

▪ Possible new treatments that were previously limited by 

radiosensitive organs
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▪ Radiobiological reasonings behind the FLASH effect are still under investigation

▪ Physical parameters play a key role in inducing the FLASH effect

▪ Time-averaged dose rate (>40 Gy/s)

▪ Cumulative dose
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Electron/photon therapy

Proton therapy
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▪ Mobetron intra-operative linac capable of delivering electron beams with FLASH dose rates

▪ Pulse widths of 0.5-4 µs

▪ Pulse repetition frequency of 5-120 Hz

▪ Dose per pulse of up to 10 Gy

▪ Instantaneous dose rates of up to 2 × 107𝐺𝑦/𝑠
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▪ Charge collection efficiency is inversely proportional to dose-per-pulse and directly proportional to pulse width
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▪ Smaller plate separations lead to higher charge collection efficiency (CCE)

▪ Higher electric field strengths inside the air cavity despite utilizing voltages in the 100-300 V range

▪ Different charge carriers experience each other for a shorter amount of time for smaller electrode separation

▪ Electrons travel shorter distances inside the air cavity before reaching the anode
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▪ Need for a dosimeter with a large dynamic range

▪ Relevant for hypofractionated treatments with one or a few pulses

▪ Adaptable to other ion chamber geometries such as cylindrical ion chambers
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▪ Recombination due to 

▪ Cation-electron recombination

▪ Electron attachment to atoms with high electron affinity

▪ Ion-ion recombination
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▪ Recombination due to 

▪ Cation-electron recombination

▪ Electron attachment to atoms with high electron affinity

▪ Ion-ion recombination
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▪ Operates at 0.1 kPa

▪ Possible limitations imposed by low signal (<0.5 nC for 20 Gy DPP)

▪ The impact of the perturbation of the electric field on the charge collection efficiency was not investigated
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▪ Create a 1D charge collection efficiency (CCE) model to explore the suitability of noble gas-filled ionization chambers without 

operating at low pressures

▪ Helium, neon, and argon
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▪ Previously proposed by Gotz et al. for parallel-plate ionization chambers 

Assumptions:

▪ Uniform electric field along the lateral axes

▪ Drift only considered along the direction of the electric field (1D case)

▪ Homogeneous dose distribution inside the air cavity

▪ Pulse separation >> Pulse duration 

▪ Charge multiplication effects are not modeled
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▪ Task: solve for collected 𝑛𝑒 and 𝑛+ 

𝜕𝑛+ 𝑥, 𝑡

𝜕𝑡
+ 𝛼𝑛+ 𝑥, 𝑡 𝑛− 𝑥, 𝑡 + 𝜇𝑝

𝜕

𝜕𝑥
𝐸 𝑥, 𝑡 𝑛+ 𝑥, 𝑡 = 𝐼(𝑥, 𝑡)

𝜕𝑛𝑒 𝑥, 𝑡

𝜕𝑡
−

𝜕

𝜕𝑥
𝜇𝑒 𝐸 𝑛𝑒 𝑥, 𝑡 = 𝐼(𝑥, 𝑡)

Electron drift

Ion drift IonizationRecombination
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▪ Local electric field changes:

𝜕𝐸 𝑥, 𝑡

𝜕𝑥
=

𝑒

𝜖
𝑛+ 𝑥, 𝑡 − 𝑛𝑒 𝑥, 𝑡

න𝐸 𝑥, 𝑡 𝑑𝑥 = 𝑉

𝐼 𝑥, 𝑡 =
𝐷𝑃𝑃 × 𝜌

𝑡𝑝𝑢𝑙𝑠𝑒𝑒
𝑊
𝑒

▪ Generated electron/positive ion pairs:

▪ Collected free electrons:

𝑛𝑒
𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑒𝑑 =

𝜕

𝜕𝑥
𝜈𝑒 𝐸 𝑛𝑒 𝑥 = 0, 𝑡
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▪ The 4th order Runge-Kutta method: ▪ Adaptive step size to reduce computational time (to within 1 hour)
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▪ Drift velocity, ion mobility, and recombination coefficients extracted from literature

▪ Electron-ion recombination coefficients:

▪ Helium: 1.7 × 10−14𝑚3/𝑠

▪ Neon: 2.03 × 10−14𝑚3/𝑠

▪ Argon: 3.0 × 10−14𝑚3/𝑠

▪ Ion mobility:

▪ Helium: 0.01 𝑚2𝑉−1𝑠−1

▪ Neon: 0.004 𝑚2𝑉−1𝑠−1

▪ Argon: 0.002 𝑚2𝑉−1𝑠−1
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▪ Charge collection efficiency for 

▪ Bias voltages of 150 V and 300 V

▪ Plate separation of 1 mm

▪ Pulse duration of 0.5 µs

▪ Dose-per-pulse of 1-20 Gy

▪ Instantaneous dose rates of 2 × 106 − 4 × 107 𝐺𝑦/𝑠
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▪ Argon suffers from low CCE due to high 

electron-ion recombination and low ion 

mobility effects  

▪ For 300 V, CCE >0.99 for helium
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▪ Need to investigate the magnitude of helium leakage from the sealed chamber

▪ Availability of helium
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▪ Helium-filled ionization chambers with 1 mm plate separation are suitable for dose rates of up to 4 × 107 𝐺𝑦/𝑠 with 300 V 

bias voltage

▪ Experimental results are needed to validate the suitability of noble gas-filled ion chambers for dosimetry of eFLASH
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