
Experimental Conditions
• Irradiation: 30 MeV electron beam at ELBE, HZDR

• Mean Dose Rates: CDR 0.1 Gy/s, UHDR up to 105 Gy/s

• Radical Detection: Electron Spin Resonance (ESR)

• Detection of trapped or oxidized paramagnetic products

• Spin traps (DMPO, BMPO, DEPMPO) and spin probes (CAT1H, CMH, TMTH)
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Background & Motivation
• Radical-radical recombination hypothesis

• Extremely high short-term radical concentrations → more recombination

• Altered radical processes → less oxidative stress in normal tissue

Ultra-high dose rate (UHDR)

Results

• Reduced superoxide signal for spin probes at UHDR

• Initial oxygen concentration affects both spin trap and spin probe signals

• No dose-rate effect for spin traps, likely driven by adduct stability and kinetics

Conclusion
• Spin traps and spin probes offer complementary, not interchangeable insights into 

radical chemistry

• Data support radical-radical recombination as a contributor to the Flash effect

• Water isolates the chemistry but misses key biological interactions

• Next steps require moving to more realistic systems

Conventional dose rate (CDR)
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Figure 1: Dose-normalised DMPO (OH•) and CAT1H (O₂•–) signals under hypoxic, physioxic and 

normoxic conditions at CDR and UHDR.
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