Gas-Based Dosimetry in Microdosimetry

Gas-based dosimetry is a key technique in radiation measurement,
particularly in microdosimetry, where it helps study energy deposition at
microscopic levels. Gas-based detectors use ionization chambers or proportional
counters filled with tissue-equivalent gases to measure radiation interactions.

1.Gas-Based Dosimetric Techniques
A. Tissue-Equivalent Proportional Counters (TEPCs)

« TEPCs simulate human tissue by using gases with properties similar to
biological matter.

« These detectors measure lineal energy (y) and LET spectra in
microdosimetric studies.

¢ Working Principle:

1. Radiation ionizes the tissue-equivalent gas inside the chamber.

2. The liberated electrons produce an electrical signal proportional to energy
deposition.

3. The detector records the distribution of energy deposition events.

7 Advantages:

« Accurate simulation of cellular radiation interactions.
« High sensitivity to low-dose radiation.
« Used in radiation therapy and space dosimetry.

Challenges:

« Limited miniaturization due to bulky gas-filled chambers.
« Requires high-voltage operation for proportional counting.

B. lonization Chambers

« Used for macro-dosimetry but adapted for high-resolution microdosimetry
in some applications.

« Measures radiation dose rate by detecting ion pairs created in a gas
medium.



¢ Types:

« Free-air ionization chambers (used in radiation calibration labs).
« Pressurized gas ionization chambers (used in radiation protection).

«/ Advantages:

« Stable, accurate, and widely used in clinical dosimetry.
« Insensitive to temperature and humidity variations.

Limitations:

« Poor spatial resolution at microscopic scales.
« Not suitable for high-LET radiation studies.

C. Microdosimetric Proportional Counters

« Small-scale proportional counters designed for single-particle energy
deposition studies.
« Used in radiobiology, space radiation monitoring, and neutron dosimetry.

7 Advantages:

« Directly measures energy deposition spectra.
« Can analyze radiation quality in mixed radiation fields.

Challenges:

« Lower signal resolution compared to solid-state detectors.
. Gas pressure variations can affect performance.

2. Applications of Gas-Based Dosimetry

Radiation Therapy: Optimizing dose delivery in hadron therapy.
Space Radiation Protection: Studying cosmic radiation effects on astronauts.
¢ Nuclear Safety & Radiation Protection: Monitoring exposure in nuclear
facilities.
¢ Neutron & High-LET Radiation Studies: Used in high-energy physics
experiments.
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