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Vision

Physics ModelingPhysics Modeling
High precision

Collaboration with theorists

Physics ValidationPhysics Validation
Rigorous, quantitative

Analysis & DesignAnalysis & Design
Transparency 

Openness 
Maintainability

User Requirements User Requirements 
+ 

Our own scientific Our own scientific 
backgroundbackground

Software processSoftware process
Rigorous

For quality
For productivity

For maintainability

TechnologyTechnology
Advanced software 
technology at the 
service of physics

TransparencyTransparency
Within the Collaboration

Towards the users

PeoplePeople
Collaborative environment

No internal competition

Investment in the young 
Geant4 generation 

Synergy withSynergy with
Advanced ExamplesAdvanced Examples

Experimental investigation 
and feedback

High scientific profileHigh scientific profile
Publications

Physics Book
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Photoelectric effectPhotoelectric effect

New model for precise angular distribution
– Andreia, Pedro and Luis + MG integration

Difficulties encountered because of errors(?) in the 
theoretical reference paper
– Contacts with other theorists

Released June 2006 (K-L shells)
– Further improvements depending on clarification of the theoretical 

calculations 
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Low Energy Physics extensionsLow Energy Physics extensions

Processes down to the eV scale
– At this scale physics interactions depend on 

the detailed structure of the medium
– Processes specialised by material
– 1st cycle: processes in water

Releases
– β-version in Geant4 8.1 (June 2006)
– Refined version in progress
– Further extensions to follow

Processes for other materials to follow
– Interest for radiation effects on components
– User requirements for gaseous materials

Geant4-DNAGeant4Geant4--DNADNA

Particle Processes
e Elastic scattering

Excitation
Ionisation

p Excitation
Charge decrease
Ionisation

H Charge increase
Ionisation

He++ Excitation
Charge decrease
Ionisation

He+ Excitation
Charge decrease
Charge increase
Ionisation

He Excitation
Charge increase
Ionisation

Barbara – MG – Sébastien – Ziad
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Software designSoftware design
Innovative design introduced in Geant4: policypolicy--based class designbased class design

Flexibility of modeling + performance optimisation

The process can be 
configured with a 
variety of physics 

models by template 
instantiation

Parameterised
class

Playground for further applications of this 
design technique in the LowE EM package
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ImplementationImplementation
References of models implemented

1. D. Emfietzoglou, G. Papamichael, and M. Moscovitch, “An event-by-event computer 
simulation of interactions of energetic charged particles and all their secondary electrons in 
water”, J. Phys. D: Appl. Phys., vol. 33, pp. 932-944, 2000.

2. D. J. Brenner, and M. Zaider, “A computationally convenient parameterization of 
experimental angular distributions of low energy electrons elastically scattered off water 
vapour”, Phys. Med. Biol., vol. 29, no. 4, pp. 443-447, 1983.

3. B. Grosswendt and E. Waibel, “Transport of low energy electrons in nitrogen and air”, Nucl. 
Instrum. Meth., vol. 155, pp. 145-156, 1978.

4. D. Emfietzoglou, K. Karava, G. Papamichael, and M. Moscovitch, “Monte Carlo simulation 
of the energy loss of low-energy electrons in liquid water”, Phys. Med. Biol., vol. 48, pp. 
2355-2371, 2003.

5. D. Emfietzoglou, and M. Moscovitch, “Inelastic collision characteristics of electrons in liquid 
water”, Nucl. Instrum. Meth. B, vol. 193, pp. 71-78, 2002.

6. D. Emfietzoglou, G. Papamichael, K. Kostarelos, and M. Moscovitch, “A Monte Carlo track 
structure code for electrons (~10 eV-10 keV) and protons (~0.3-10 MeV)  in water: 
partitioning of energy and collision events”,  Phys. Med. Biol., vol. 45, pp. 3171-3194, 2000.

7. M. Dingfelder, M. Inokuti, and H. G. Paretzke, “Inelastic-collision cross sections of liquid 
water for interactions of energetic protons”, Rad. Phys. Chem., vol. 59, pp. 255-275, 2000.

8. D. Emfietzoglou, K. Karava, G. Papamichael, M. Moscovitch, “Monte-Carlo calculations of 
radial dose and restricted-LET for protons in water”, Radiat. Prot. Dosim., vol. 110, pp. 871-
879, 2004. 

9. J. H. Miller and A. E. S. Green, “Proton Energy Degradation in Water Vapor”, Rad. Res., vol. 
54, pp. 343-363, 1973.

10. M. Dingfelder, H. G. Paretzke, and L. H. Toburen, “An effective charge scaling model for 
ionization of partially dressed helium ions with liquid water”, in Proc. of the Monte Carlo 
2005, Chattanooga, Tennessee, 2005.

11. B. G. Lindsay, D. R. Sieglaff, K. A. Smith, and R. F. Stebbings, “Charge transfer of 0.5-, 1.5-, 
and 5-keV protons with H2O: absolute differential and integral cross sections”, Phys. Rev. A, 
vol. 55, no. 5, pp. 3945-3946, 1997.

12. K. H. Berkner, R. V. Pyle, and J. W. Stearns, “Cross sections for electron capture by 0.3 to 70 
keV deuterons in H2, H2O, CO, CH4, and C8F16 gases” , Nucl. Fus., vol. 10, pp. 145-149, 
1970.

13. R. Dagnac, D. Blanc, and D. Molina, “A study on the collision of hydrogen ions H1+, H2+ 
and H3+ with a water-vapour target”, J. Phys. B: Atom. Molec. Phys., vol. 3, pp.1239-1251, 
1970.

14. L. H. Toburen, M. Y. Nakai, and R. A. Langley, “Measurement of high-energy charge transfer 
cross sections for incident protons and atomic hydrogen in various gases”, Phys. Rev., vol. 
171, no. 1, pp. 114-122,  1968.

15. P. G. Cable, Ph. D. thesis, University of Maryland, 1967.
16. M. E. Rudd, T. V. Goffe, R. D. DuBois, L. H. Toburen, “Cross sections for ionisation of 

water vapor by 7-4000 keV protons”, Phys. Rev. A, vol. 31, pp. 492-494, 1985.

First set of models implemented 
chosen among those available in 
literature
– Direct contacts with theorists 

whenever possible

Future extensions foreseen
– Made easy by the design
– Provide a wide choice among 

many alternative models
– Different modeling approaches
– Complementary models

Unit test in parallel with implementation 
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TestTest
ValidationValidation

against experimental data
VerificationVerification

against theoretical models

Scarce experimental data

Large scale validation project planned 

theory

e elastic 
scattering

theory

p excitation

p charge transfer
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OutlookOutlook
IEEE NSS 2006
– Talk

Publication
– 1st software development cycle

Validation
– Scarce experimental data
– 2nd publication

New models for water
– Some already identified

Models for other materials
– Facilitated by the design

In preparation
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BiologicalBiological modelsmodels

TARGET THEORY Single-hit

MOLECULAR THEORY Lethal-Potentially Lethal –
Low Dose

MOLECULAR THEORY Lethal-Potentially Lethal –
High Dose

MOLECULAR THEORY
Lethal-Potentially Lethal –
LQ Approx

TARGET THEORY
Multi-target
Single-hit

MOLECULAR THEORY Radiation Action

MOLECULAR THEORY Dual Radiation Action

MOLECULAR THEORY
Repair-misrepair
Lin Rep / Quadmis

MOLECULAR THEORY
Repair-misrepair
Lin Rep / Mis

MOLECULAR THEORY Lethal-Potentially Lethal

S = 1- (1- e-qD)n 

S= e-D / D0

S = e –p ( αD + ßD )2

S = S0 e - k (ξ D + D ) 2

S = e-αD[1 + (αD / ε)]εΦ
S = e-αD[1 + (αDT / ε)]ε

S =  exp[ - NTOT[1 +       ]ε ] ε (1 – e- εBAtr)
NPL

S = e-ηAC D 

- ln[ S(t)] = (ηAC + ηAB) D – ε ln[1 + (ηABD/ε)(1 – e-εBA tr)]

- ln[ S(t)] = (ηAC + ηAB e-εBAtr ) D + (η2
AB/2ε)(1 – e-εBA tr)2 D2]

S = e-q1D [ 1- (1- e-qn D)n ]
Revised model

In progress

Geant4-DNA Geant4Geant4--DNA DNA 

Barbara – MG – Stéphane – Susanna
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Prototype developmentPrototype development

Dose (Gy)

S
ur

vi
va

l

Continuous line:
LQ theoretical model

Data points:
Geant4 simulation results

Monolayer

V79-379A cells

Proton beam 
E = 3.66 MeV

Folkard et al., Int. J. Rad. Biol., 1996 

S = e - α D – β D2

α = 0.32
β = -0.039

Linear-Quadratic 
model

Verification

Design, implementation and usage of 
one cell survival model in Geant4
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OutlookOutlook
IEEE NSS 2006
– Talk

Publication
– 1st software development cycle

Analysis and design
– Models
– Mixed fields

Physical design
– New Geant4 domain
– Consultation desirable

Models
– Other cell survival models
– Models for other cellular processes

Human cell lines irradiated with X-rays

Courtesy E. Hall

Validation
– Literature survey
– Ad hoc data?
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ValidationValidation

Atomic relaxation
Bremsstrahlung
+ other validation activities in Advanced Examples

Statistical Toolkit

Common features of the validation activities
–– Collaborative, open, transparent work environmentCollaborative, open, transparent work environment
– Rigorous, quantitative analysis
– Publication-quality methods and results
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Atomic relaxationAtomic relaxation

Reference: NIST
– Fluorescence: R.D. Deslattes et al., X-ray transition energies: new 

approach to a comprehensive evaluation, Rev. Mod. Phys. 75 (2003), 35-99
– Auger: various sources

Production completed, all Z (major effort!)
Analysis in progress
Presentation at IEEE NSS, 1-4 November 2006
Valentina Zampichelli’s thesis, 6 December 2006
Publication

Alfonso – Barbara – MG – Susanna – Valentina
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Sample results 

(fluorescence)
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Preliminary qualitative evaluation:Preliminary qualitative evaluation:
Good agreement between Geant4 and reference experimental data

Geant4 predicts lower energy transitions not present in the reference data
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Sample results by shell 

(fluorescence)

Preliminary Preliminary 
qualitative qualitative 
evaluation:evaluation:

Good agreement 
between Geant4 

and reference 
experimental data 

confirmed in 
detailed results 
shell-by-shell

OutlookOutlook
Quantitative

analysis

Publication
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BremsstrahlungBremsstrahlung

Reference: experimental data in various journal publications
– Often old, with unclear systematics

Simulation: all Geant4 Bremsstrahlung flavours
– Standard, LowE-Livermore (Tsai, 2BN, 2BS), LowE-Penelope

Huge effort invested by the Geant4Huge effort invested by the Geant4--INFN teamINFN team
– Production at Gran Sasso Laboratory
– Experimental data acquisition from reference publications
– Major analysis effort still required

Barbara – Luciano – MG – Susanna 
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Some Some preliminarypreliminary results: Beresults: Be
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Some Some preliminarypreliminary results: Alresults: Al
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Some Some preliminarypreliminary results: Auresults: Au
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Some Some preliminarypreliminary resultsresults

Beware: reference experimental data 
extracted by hand from published plots

To be checked!
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Bragg peakBragg peak

See talk on Advanced Examples

Barbara – Francesco – Giorgio – MG – Pablo – Susanna

Other validation activitiesOther validation activities

See talk on Advanced Examples

Alfonso – Barbara – MG – Michela – Susanna

Geant4 Physics Book projectGeant4 Physics Book projectGeant4 Physics Book project
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Statistical ToolkitStatistical Toolkit
2nd development cycle
– Released April 2006

What’s new
– New tests
– ROOT User Layer
– New installation tools
– Performance analysis

The most complete software tool for 2-sample GoF tests

IEEE Trans. Nucl. Sci., December 2006

25 July 2006.
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……and behind everythingand behind everything

Unified ProcessUnified Process

A rigorous software processA rigorous software process
Incremental and iterative lifecycle

RUP™ as process framework, tailored to the specific project
Mapped onto ISO 15504
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Our young collaboratorsOur young collaborators

Most group members: age < 35
temporary positions
low (or zero) salary

Stéphane Chauvie
Pablo Cirrone
Giacomo Cuttone
Francesco Di Rosa
Ziad Francis
Susanna Guatelli
Sébastien Incerti
Anton Lechner (new)
Alfonso Mantero
Barbara Mascialino
Gérard Montarou
Petteri Nieminen
Luciano Pandola
Sandra Parlati
Luis Peralta
Andreas Pfeiffer
MG Pia
Pedro Rodrigues
Giorgio Russo
Andreia Trindade
Paolo Viarengo
Valentina Zampichelli

Bright, enthusiastic, hard-working

We should feel our responsibility towards We should feel our responsibility towards 
our younger colleaguesour younger colleagues

High scientific and technical profile of the Collaboration
Serene, collaborative work environment
Education to sound research methods

Publications for their CVs
Opportunities for conference presentations

Support to their activities

These young colleagues invest These young colleagues invest 
their hopes for their future careers intheir hopes for their future careers in

?

LowE EM Team


	Geant4 �Low Energy Electromagnetic Physics
	Vision
	Photoelectric effect
	Low Energy Physics extensions
	Software design
	Implementation
	Test
	Outlook
	Biological models
	Prototype development
	Outlook
	Validation
	Atomic relaxation
	Bremsstrahlung
	Some preliminary results: Be
	Some preliminary results: Al
	Some preliminary results: Au
	Some preliminary results
	Bragg peak
	Statistical Toolkit
	…and behind everything
	Our young collaborators

