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The greater part of radiation damage
to genes or cells starts with the initial

damage to segments of the DNA

Radiation
Therapy

Radiation
Biology Radiation

Protection

Traditional Practice: Radiation damage is
described by macroscopic quantities like LET and 
absorbed dose

Tracks of Tracks of ChargedCharged ParticlesParticles and and TheirTheir
CharacteristicCharacteristic QuantitiesQuantities in Gasesin Gases



ElectronElectron Degradation in Gases: Degradation in Gases: MeasurementMeasurement of of 
WW--valuesvalues oror IonizationIonization RangesRanges
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TheThe Traditional Model of Traditional Model of ParticleParticle Tracks Tracks BasedBased
on on CondensedCondensed HistoriesHistories
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TheThe StochasticsStochastics of of ElectronElectron EnergyEnergy
DegradationsDegradations



TheThe InfluenceInfluence of of AngularAngular ScatteringScattering on on DepthDepth--
DoseDose DistributionsDistributions
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MacroscopicMacroscopic and and MicroscopicMicroscopic AspectsAspects of of ElectronElectron
TracksTracks



MeanMean Free Free PathPath LengthsLengths of of ElectronsElectrons in Liquid in Liquid 
WaterWater oror MolecularMolecular NitrogenNitrogen
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Track Segments, 100 nm in Length, in Liquid Track Segments, 100 nm in Length, in Liquid 
WaterWater

60 MeV carbon ions
20 MeV α-particles

5 MeV protons
2.72 keV electrons



General Aspect of Ionization ClusterGeneral Aspect of Ionization Cluster--size size 
Formation (De Formation (De NardoNardo et al. (2002))et al. (2002))

Definition: The cluster size
is exactly the number ν of 
ionizations produced by a 
particle in a specified piece
of matter



M1(T) ≈ Ltravel / λion(T)

The mean cluster size 
is given by the first 
moment:

General Aspect of Ionization ClusterGeneral Aspect of Ionization Cluster--size size 
FormationFormation

D

Definition: Pν(T) is the proba-
bility that exactly the cluster
size ν is produced by a particle
at energy T in a specified piece
of matter.



The Jet Counter of The Jet Counter of PszonaPszona et al. (2000)et al. (2000)



IonizationIonization ClusterCluster--sizesize DistributionsDistributions of 4.6 MeV of 4.6 MeV 
αα––ParticlesParticles in in NitrogenNitrogen
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DNA target model (PARTRAC),
Friedland et al. (1998):
DNA helices, nucleosomes, chromatin 
fibre structure and loops;

Yield of Single Strand Breaks as a Function of Yield of Single Strand Breaks as a Function of 
Electron EnergyElectron Energy



Macroscopic Targets:
• W-value
• stopping power
• particle range
• absorbed dose

Nanometric Targets:
• interaction cross sections
• stochastics of primary 
interactions

• fluence

Tracks of Tracks of ChargedCharged ParticlesParticles and and TheirTheir
CharacteristicCharacteristic QuantitiesQuantities in Gasesin Gases


