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WhichPhysicalQuantity?

30.08.2022 5

Ionizing
particlepassing
throughmatter

Ionizationsin 
nanometric

volumeḬDNA

Biological 
damage

SSB?
DSB?
..?



30.08.2022 6

Nanodosimetry

Ionization
clustersize
distribution

Biological 
damage

Relative 
biological

effectiveness

Nanodosimetry



How can we observe on a nanometric scale?
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Spatialionisationdistribution

scaleslinearlywith density
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Liquid water
Macroscopicvolume

Low pressuregas
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How can we observe on a nanometric scale?
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History

TIDeimagingdetector

(Track Imaging Detector)

Developedby Vladimir 
Bashkirovand Reinhard 
Schulte at Loma Linda 

University

Further developedby
MargerithaCasiraghi at 

Loma Linda University, PSI 
and GaseousDetector

Development Laboratory 
CERN. 

FIRE detector

(Frequencyof Ion 
Registration)

Continued
developmentby

Fabiano Vasiduring
hisPhD

Further developmentof
FIRE detector during 
PhD of Irina Kempf
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Howdoesthe nanodosimetricdetectorwork?
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Vacuum Pump

Drift Voltage
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Whatis insidethe chamber?
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Whatis insidethe chamber?
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Whatis insidethe chamber?
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Howisthe signalproduced?
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Howisthe signalproduced?
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Howisthe signalproduced?
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Howisthe signalproduced?
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Howisthe signalproduced?
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Howisthe signalproduced? ElectronAvalanche
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3D view of Monte 
Carlo simulation of 
Electron Avalanche

Electric fields 
calculated with 
COMSOL Multiphysics, 
MC Simulation based 
on Garfield++ (CERN).



Simulations
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Simulation Overview
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COMSOL Multiphysics Garfield++ (CERN)

Simulation of electrostaticFields Electronavalanchesimulations Ion drift simulations

Electric Field
Mesh



Simulation Overview
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COMSOL Multiphysics Garfield++ (CERN)

Simulation of electrostaticFields Electronavalanchesimulations Ion drift simulations

Electric Field
Mesh



Electric Field Calculations with COMSOL
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Create 3D model of detector Create meshing Calculate electric field



Simulation Overview
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COMSOL Multiphysics Garfield++ (CERN)

Simulation of electrostaticFields Electronavalanchesimulations Ion drift simulations

Electric Field
Mesh



Simulation Overview
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COMSOL Multiphysics Garfield++ (CERN)

Simulation of electrostaticFields Electronavalanchesimulations Ion drift simulations

Electric Field
Mesh



Ion Drift Simulations
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Ion Drift Simulations
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Howlongis ion drifting within hole?
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Alpha Particle
(z = -1-1 cm)
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Problem: Mobility datafor propanegas
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(Reducedmobilities)

ÅGarfield++ requiresmobility data

ÅThereisno datasetfor propanemobility

at low pressures& for our electricfield.

Wemustassumea mobility value.

Wecannot interpret
ion arrivaltime 
simulationresults.

The ion funneleffect
is independentof the
mobility.
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Multi-hole detectordesign
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?

Current: The FIRE detector measures the frequency of ion registration with a single hole.
Future: Analyze ionization tracks with multi-hole detector. 

Ҧ Iƻǿ ǎƘƻǳƭŘ ŀ Ƴǳƭǘƛ-hole detector be designed?



Funnelsize

ÅSetup is radiallysymmetric

ÅForeachannuluscalculate: 

Å«How many ions that started within this 

annulus reached the cathode?»

ÅPlot asa functionof radius
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FunnelsizeςLogisticfit to simulationdata
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Hole diameter
Funneleffect isproportional to hole radius.

Larger diameterҦ ƭŀǊƎŜǊ funneleffect
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Propanegas pressure
Dielectricplatehole pitch doesnot depend

on gas pressure.
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Cathodevoltage
Higher cathodevoltage

Ҧ [ŀǊƎŜǊ funneleffect

Ҧ [ŀǊƎŜǊ ǇƛǘŎƘ needed
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Drift voltage
Higher drift voltage

Ҧ Smallerfunneleffect

Ҧ Smallerpitch needed
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Ideal pitch configuration
Ideal pitch canbecalculatedfor any:

ÅHole diameter

ÅPressure

ÅElectric field configuration
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