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Radiation effects in matter can be Radiation effects in matter can be 
described by macroscopic described by macroscopic quanquan--
titiestities like absorbed dose or like absorbed dose or LETLET

Radiation TherapyRadiation Therapy
Radiation BiologyRadiation Biology

Radiation ProtectionRadiation Protection

Experimental Tools:Experimental Tools:
Ionization chambers,Ionization chambers,
solidsolid--state detectors, state detectors, ……

Numerical Tools:Numerical Tools:
Condensed history MCCondensed history MC--modelsmodels
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A A typicaltypical exampleexample::
BBoron oron NNeutron eutron CCaptureapture TTherapyherapy ((BNCTBNCT) ) withwith thermal thermal neutronsneutrons

TheThe stoppingstopping of of thethe particlesparticles in in thethe cellcell nucleusnucleus leadsleads to a to a veryvery high high 
energyenergy densitydensity whichwhich cannotcannot bebe describeddescribed byby conventionalconventional
dosimetric dosimetric proceduresprocedures..

One Weakness of Absorbed Dose:One Weakness of Absorbed Dose:
Creation and stopping of shortCreation and stopping of short--range particles in the cell nucleusrange particles in the cell nucleus

Radiobiological Experiments Using a Radiobiological Experiments Using a MicrobeamMicrobeam
FacilityFacility

RadiobiologicalRadiobiological experimentsexperiments areare interpretedinterpreted conventionallyconventionally
in in termsterms of of absorbedabsorbed dose:dose:
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here, ∆E is calculated
and m is estimated
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TheThe real real targettarget volumesvolumes of of radiobiologyradiobiology and, and, thereforetherefore, also of , also of 
radiationradiation physicsphysics areare thethe volumesvolumes of of subsub--cellularcellular structuresstructures

TheThe ““TrueTrue“ “ TargetTarget VolumeVolume of of RadiationRadiation PhysicsPhysics

Radiation Damage to Genes or Cells Starts with Radiation Damage to Genes or Cells Starts with 
the Initial Damage to Segments of the DNAthe Initial Damage to Segments of the DNA

RadiationRadiation damagedamage stronglystrongly dependsdepends on on particleparticle tracktrack structurestructure
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MacroscopicMacroscopic TargetsTargets:: NanometricNanometric TargetsTargets::
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TheThe BreakdownBreakdown of of thethe AbsorbedAbsorbed Dose Dose ConceptConcept in in 
NanometricNanometric TargetTarget VolumesVolumes

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

damage to segments of the DNAdamage to segments of the DNA

TheThe Problem:Problem: A A transitiontransition fromfrom macroscopicmacroscopic targettarget volumesvolumes
to to thosethose of of subsub--cellularcellular structuresstructures requiresrequires a a changechange of of physicalphysical
quantitiesquantities!!

NanometricNanometric TargetTarget VolumesVolumes, a , a ChallengeChallenge to to 
CurrentCurrent RadiationRadiation DosimetryDosimetry

TheThe HypothesisHypothesis:: TheThe damagedamage to DNA to DNA segmentssegments isis
determineddetermined to to thethe greatergreater partpart byby ionizingionizing processesprocesses
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►► IonizationIonization clustercluster--sizesize formationformation in in nanometricnanometric cylindricalcylindrical
volumesvolumes of liquid of liquid waterwater isis representativerepresentative forfor thethe DNA DNA 

DefinitionsDefinitions::

TheThe clustercluster sizesize isis thethe numbernumber
νν of of ionizationsionizations producedproduced byby
a a particleparticle in a in a specifiedspecified
piecepiece of matter.of matter.

PPνν((TT) ) isis thethe probabilityprobability
of of producingproducing an an 
ionizationionization clustercluster
of of sizesize νν..

TheThe IdeaIdea of Experimental of Experimental NanodosimetryNanodosimetry

PrinciplePrinciple of a of a NanodosimetricNanodosimetric MeasuringMeasuring DeviceDevice
BasedBased on on SingleSingle--ionion CountingCounting
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Ionization ClusterIonization Cluster--size Distributions of size Distributions of 
4.6 MeV 4.6 MeV αα--Particles in NitrogenParticles in Nitrogen

GrosswendtGrosswendt and and PszonaPszona (2002)(2002)

0 5 10 15 20 25
10-4

10-3

10-2

10-1

100
P ν
(D
ρ)

cluster size ν

((DDρρ) = 0.49 µg/cm²) = 0.49 µg/cm²
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TheThe probabilityprobability PP11 to to createcreate a a 
clustercluster sizesize νν = 1 = 1 shouldshould bebe
proportional to proportional to thethe probabilityprobability
of SSB of SSB formationformation in in thethe DNADNA

TheThe probabilityprobability FF22 to to createcreate a a 
clustercluster sizesize νν ≥≥ 2 2 shouldshould bebe
proportional to proportional to thethe probabilityprobability
of DSB of DSB formationformation in in thethe DNADNA

TheThe Relation Relation BetweenBetween IonizationIonization ClusterCluster--sizesize
Formation and Formation and RadiationRadiation BiologyBiology
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ClusterCluster--sizesize ProbabilityProbability PP11 in a Liquid in a Liquid WaterWater
CylinderCylinder of Diameter D = 2.3 nmof Diameter D = 2.3 nm
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CumulativeCumulative Distribution Distribution FunctionFunction FF22 in a Liquid in a Liquid 
WaterWater CylinderCylinder of Diameter D = 2.3 nmof Diameter D = 2.3 nm
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The greater part of radiation damage toThe greater part of radiation damage to
genes or cells starts with the initial genes or cells starts with the initial 

damage to segments of the DNAdamage to segments of the DNA

Radiation Quality:Radiation Quality: The natural The natural nanodosimetricnanodosimetric parameters parameters 
to describe the radiation quality of ionizing particles are the to describe the radiation quality of ionizing particles are the 
probabilities probabilities PP11 and and FF22

NanodosimetryNanodosimetry, , thethe Missing Link Missing Link BetweenBetween
RadiationRadiation PhysicsPhysics and and RadiationRadiation BiologyBiology ??

TheThe HypothesisHypothesis:: The clusterThe cluster--size probabilities size probabilities PP11

and and FF22 are directly correlated with the damage to DNAare directly correlated with the damage to DNA
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Radiobiological Effectiveness: Survival of V79 Radiobiological Effectiveness: Survival of V79 
Chinese Hamster Cells After Proton IrradiationChinese Hamster Cells After Proton Irradiation
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experimental experimental datadata
αα = = aa++bb××LETLET

SF = SF = 10%10% 50%50%

SFSF = = exp(exp(--ααDD--ββDD22))

RBERBE = = DDrefref((SFSF)/)/DD((SFSF))
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Radiobiological Effectiveness: Survival of V79 Radiobiological Effectiveness: Survival of V79 
Chinese Hamster Cells After Proton IrradiationChinese Hamster Cells After Proton Irradiation
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linear linear LETLET modelmodel
SF = SF = 10%10% 50%50%

NanodosimetricNanodosimetric datadata
electronselectrons and light and light ionsions

The probabilities The probabilities PP1 1 and and FF22 of ionization of ionization 
clustercluster--size distributions are strongly size distributions are strongly 
related to the initiation of radiation related to the initiation of radiation 
damage to the DNAdamage to the DNA

FromFrom MacroMacro to to NanodosimetryNanodosimetry: : The absorbedThe absorbed--dose dose 
concept breaks down in concept breaks down in nanometricnanometric target volumestarget volumes

Vision of Vision of thethe Future:Future:

AbsorbedAbsorbed dose will dose will bebe exchangedexchanged oror, at least, , at least, 
supplementedsupplemented byby nanodosimetricnanodosimetric quantitiesquantities


