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Microdosimetric distributions 
and pulse-height spectra for a 

mini-TEPC due to photon 
radiation

Uncertainty Assessment in Computational Uncertainty Assessment in Computational 
Dosimetry:Dosimetry:

A comparison of ApproachesA comparison of Approaches
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minimini--TEPC developed at INFNTEPC developed at INFN--LNL LNL 
(Paolo (Paolo Colautti’sColautti’s group)group)

calibration with external sourcecalibration with external source
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Main characteristics of miniMain characteristics of mini--TEPCsTEPCs

They are reliable detectors which 
can work in highly intense fluxes

different site diameters: 
2µm ≤ D ≤ 0.3 µm

use in clinical dosimetryuse in clinical dosimetry
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Simplified geometry of the miniSimplified geometry of the mini--TEPCTEPC
(courtesy of Paolo (courtesy of Paolo ColauttiColautti))

C3H8-TE gas, ρ = ρgas

A-150, ρ = 1.126 g / cm3

Rexolite, ρ = 1.045 g / cm3

Titanium, ρ = 4.507 g / cm3

2.70 mm

1.31 mm
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Monte Carlo Monte Carlo studystudy

Calculation of 
pulsepulse--heightheight spectra spectra 

due to 
250250--kV XkV X--rays, rays, 137137Cs, Cs, 6060CoCo

using three codes:
“MINI-TEPC”, MCNP, and FLUKA
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ProblematicProblematic aspectsaspects in in thethe MC MC calculationcalculation

low-energy electrons play
the most important role

statisticsstatistics

small sensitive volume

energyenergy thresholdthreshold, , energyenergy depositiondeposition
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MC code: MC code: “MINI-TEPC.FOR"
(developed by B. (developed by B. GrosswendtGrosswendt))

eventevent--byby--eventevent simulation for electrons
down to 10 10 eVeV

adad--hochoc geometry specification

adad--hochoc application of variance 
reduction techniques

(FLUKA, MCNP: 1 (FLUKA, MCNP: 1 keVkeV))
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Detector model in “MINIDetector model in “MINI--TEPC”:  TEPC”:  
first approximationfirst approximation

simplified geometry with one material 
(propane-TE)

1 3

2
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4
ρ

ρgas

scaling according to the density

scaling according to the density
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VarianceVariance reductionreduction: : RussianRussian rouletteroulette

with probability (1(1--rr)), killkill the particle 
weight set to 00

total particle weight is only statistically total particle weight is only statistically 
conserved conserved 

Volume B

Volume A

IIAA

IIBB
IIB B < I< IAA

?

If r < 1 play Russian roulette:

with probability rr, keepkeep the 
particle and alter its weight 

to ((wgtwgt / / rr))



6

11

GeometryGeometry splittingsplitting

Volume B

Volume A

IIAA

IIBB
IIB B >> IIAA

rr == IIBB / / IIAA

nn = = intint ((rr))

All n particles emerging
from splitting have the
same attributes, including
wgt‘ = wgt / n
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TruncationTruncation

Remove particle from part of phase space that do not
contribute to the final results

Volume B

Volume A

energyenergy??

energyenergy??

Region of interest
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ForcedForced collisionscollisions

Particles entering specified cells are split into 
collided and uncollided parts:

For distance-to-boundary d:

probability(no-collision) = exp(exp(--ΣΣTT))dd
probability(collision) = 11--exp(exp(--ΣΣTT))dd

ΣT = total scattering cross section

d

wgt × (1-e-ΣTd)

wgt × e-ΣTd
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SecondarySecondary electronelectron distributiondistribution forfor 6060CoCo--photonsphotons

GreatestGreatest contributioncontribution fromfrom thethe wall!wall!
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PulsePulse--heightheight spectrumspectrum forfor 6060CoCo--photons photons 
in in thethe gas gas cavitycavity (D = 2 (D = 2 µµm)m)
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ClusterCluster--sizesize distributiondistribution forfor 6060CoCo--photonsphotons
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PulsePulse--heightheight spectrumspectrum forfor 250250--kV kV photonsphotons
in in thethe gas gas cavitycavity
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PulsePulse--heightheight spectrumspectrum forfor 6060Co: Co: 
ComparisonComparison of of codescodes
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ComparisonComparison of of codescodes:  :  250250--keV keV photonsphotons
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DisagreementDisagreement possiblypossibly duedue to…to…

… particleparticle--tracktrack description

… sampling of energy stragglingstraggling

… energy thresholdthreshold for electron transport

… different crosscross--sectionsection data
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Different Different stragglingstraggling algorithmsalgorithms in FLUKAin FLUKA
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TrackingTracking electronselectrons withwith MCNP: PTRACMCNP: PTRAC

electronselectrons in in thethe detectordetector wallswalls
thatthat reachreach thethe gas gas cavitycavity
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ComparisonComparison withwith experimentsexperiments: : 6060CoCo
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Microdosimetric Microdosimetric spectraspectra forfor D = D = 2 2 µµmm
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Microdosimetric Microdosimetric spectraspectra at different D at different D 
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ThankThank youyou to…to…

Gianfranco Gualdrini

Grady Hughes 

Paolo Colautti & Davide Moro
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primary electron

primary electron

δ-electron
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The traditional model of particle tracks based on The traditional model of particle tracks based on 
condensed histories: condensed histories: 

MCNP, EGS, GEANT, FLUKA, …MCNP, EGS, GEANT, FLUKA, …
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Effect of material approximation on photon Effect of material approximation on photon 
physicsphysics
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Effect of material approximation on electron Effect of material approximation on electron 
physicsphysics
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Sampling the flight distance in forced collisionsSampling the flight distance in forced collisions

if s is the flight distance and d the max. flight distance:
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Microdosimetric quantities:Microdosimetric quantities:

lineal energy: y = ε / l (keV/µm)

its distribution: f(y)

differential dose distribution:
d(y) = y*f(y)
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From cluster size to lineal energyFrom cluster size to lineal energy

W: W: 

∆Eν = energy absorbed for generating
an ionization cluster of size ν

ν
νEW

∆=
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WithWith / / withoutwithout variancevariance reductionreduction techniquestechniques: test: test
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Cs-137
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ConceptConcept of of clustercluster sizesize distributiondistribution

particle
energy T

T1

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

Definition:Definition: The cluster The cluster 
size is exactly the number size is exactly the number νν
of ionizations produced by of ionizations produced by 
a particle in a specified a particle in a specified 
piece of matterpiece of matter
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Spectral distributionSpectral distribution of 250of 250--kV kV XX--raysrays

(Courtesy of Gianfranco Gualdrini, ENEA, Bologna)


