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Nanodosimetry: modeling and simulation 
of the interaction of Ionizing Radiation 

at the DNA and cellular level

A steep variation of the deposited energy as a function of the distance to

the central axis of the DNA, suggests the existence of a critical distance,

from which the direct effects stop being effective
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MCNP6 results

Electrons fluxes and deposited energy were calculated, in nanometric DNA volumes, with MCNP6 MC, able to transport a single-event electron for energies below 

1keV, using the ENDF/B VI.8 database. In these types of simulations only the physical stage (space distribution of ionization excitations and elastic scattering between 

the first 10-15 s and 10-13 s of interaction) was taken into account. To evaluate how a non-accurate cellular dosimetry could lead to 
misinterpretations of cell-survival curves as a dependence of doseTo calculate the deposited energy in nanometric DNA volumes as a 

dependence of the distance between the radionuclide and the DNA

Introduction
The search for new diagnostic and therapeutic tools, towards an effective implementation of targeted radiotherapy and better conformation of dose delivery, includes very

short-range candidates emitting Auger, Coster-Kronig and internal conversion electrons. These particles will induce different ionization cluster size distributions and

different damage spectra in DNA. In addition, in recent years an increasing use of proton and light ion beam radiotherapy was observed worldwide due to the

characteristics of the clusters of DNA damage induced by these particles, with a high number of ionizations per unit pathlength, along their tracks. Therefore, there is a

growing need for studies that correlate the cell killing effectiveness of proton/ion beams and Auger-emitting radionuclides with the track structure pattern in tissue.

Deposited energy in nanometric DNA volumes: Auger-emitters 

Scientific and Societal impact of the work In the future, the research activities will focus on:
• Innovative concepts and approaches, consisting of a better study and

understanding of the nanoscopic effects of radiation and the biological effects

induced by ionizing radiation on the DNA structure

• New approaches and /production and use of radiopharmaceuticals and

radionuclides using Auger electron emitters and alpha particle emitters.

• Insights into the importance of nanodosimetry for biologically weighted radiation

metrology, with emphasis to the treatment planning for cancer therapy with

protons and ion beams.

• More accurate dose delivery in radiotherapy treatments, sparing the normal

tissue cells and resulting in higher survival rates and lower morbidity, in cancer

patients.

i) the assessment of track structure' accuracy and the detailed geometrical and

spatial characterization of energy deposition inside the cell,

ii) the identification of modeling issues and uncertainties at the nanometer scale,

including comparison between MC programs,

iii) a nanodosimetric DNA damage model relating the DNA damage complexity

and the nanodosimetric parameters of radiation.

Collaborations with EURADOS on the assessment of track structure' accuracy and

with IMM on the modeling of a 3D cellular phantom are planned for the future.

Also, a MSc thesis will be supervised by a member of C2TN and PTB on

nanodosimetry and biological effects of protons using the PTB facilities.

Deposited energy in nanometric DNA volumes: Proton and alpha-particle beams

Geometry used 
to calculate the 
NPTS using 
Geant4, PTra 
and PARTRAC 

To compare nanodosimetric parameters of track structure (NPTS) obtained with the Monte Carlo
track structure codes PARTRAC, Ptra and Geant4-DNA
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The P(ν,Q) obtained in the DNA segment, for α-particles, show a

good agreement for higher energies. At lower energy the

maximum probability was achieved for cluster size of 9 (for

PARTRAC and GEANT) and 8 with Ptra. For protons, the P(ν,Q) had

a maximum at a cluster size of 1 for all codes.

The variations between the results obtained, in the nucleossome,

should be due to the different physical models for electron elastic

and inelastic cross sections used in the codes.
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The modeling of realistic radionuclide localization inside cells, including a

inhomogeneous nuclear distribution, revealed:

i) a strong bias in cell-survival curves (taking to different radiobiological models)

ii) that alternative models might contribute for a more accurate

prediction of the radiobiological effects inherent to more specific

molecular targeted radiotherapy strategies.
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