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Technology

Advanced software
technology at the
service of physics

Software process

Rigorous
For quality
For productivity
For maintainability

Analysis & Design

Transparency
Openness
Maintainability
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User Requirements
+

Our own scientific
background

High scientific profile

Publications
Physics Book

Physics Modeling

High precision
Collaboration with theorists

Physics Validation

Rigorous, quantitative

Transparency

Within the Collaboration
Towards the users

People
Collaborative environment
No internal competition

Investment in the young
Geant4 generation

Synergy with
Advanced Examples

Experimental investigation
and feedback




Photoelectric 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

Maria Grazia Pia, INFN Genova



oW Energy Physics extensions Geant4-DNA |

Barbara — MG — Sébastien — Ziad Particle | Processes

Processes down to the eV scale & Elastic scattering
Excitation

— At this scale physics interactions depend on lonisation
the detailed structure of the medium

o) Excitation
— Processes specialised by material Charge decrease
15t cycle: processes in water lonisation
H Charge increase
Releases lonisation
— B-version in Geant4 8.1 (June 2006) He++ Excitation
— Refined version in progress Chgrgg decrease
: lonisation
— Further extensions to follow —
He+ Excitation

Charge decrease

Processes for other materials to follow _
Charge increase

— Interest for radiation effects on components lonisation

— User requirements for gaseous materials He Excitation
Charge increase
lonisation

Maria Grazia Pia, INFN Genova



Software design

Innovative design introduced in Geant4: policy-based class design

Flexibility of modeling + performance optimisation

G4V Process

(from processes_management)

+ AlongStepDolf()

+ Along StepGetPhysicalinteractionLength()
+ AtRestDoit()

+ AtRestGetPhysicalinteractionLength()
+ PostStepDol()

+ PostStepGetPhysicalinteractionLength()
+ IsApplicable()

G4VDiscreteProcess
(from processes_management)

# GetMeanFreePath()
+ PostStepDolt()

CrossSection

FinalState
G4DNAProcess

# GetMeanFreePath()
+ IsApplicable()
+ PostStepDolt()

Playground for further applications of this
design technique in the LowE EM package

— X
CrossSection

FinalStatee — J

G4DNAProcess

<<pind>>

\
(G4MyCrossSectio|n,G4MyFinaIState)

<<typedef>>
G4DNAMyProcess

Parameterised
class

The process can be
configured with a
variety of physics

models by template

instantiation




Implementation

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

Maria Grazia Pia, INFN Genova
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Verification

against theoretical models
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Scarce experimental data

Large scale validation project planned
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Biological models

Geant4-DNA

Barbara — MG — Stéphane — Susanna

In progress
TARGET THEORY Single-hit S= e D/ Do .
Revised model
i — a-qiD _ _ a-qn D)n
TARGET THEORY Muiti-target S=1-(1-edP)n S=e® [1-(I-e 7))
Single-hit
MOLECULAR THEORY |Radiation Action S =g -P(aD+8D
MOLECULAR THEORY |Dual Radiation Action S = SO e -k(ED+D) :
MOLECULAR THEORY | cPairmisrepair S =e*P[1 + (aDT /€)J¢
Lin Rep / Quadmis
MOLECULAR THEORY | cPai-misrepair S=¢P[1 + (aD/ g)]*®
Lin Rep / Mis
W
: PL
MOLECULAR THEORY |Lethal-Potentially Lethal S = exp| - NTOT[I - i eBAtr) ]
Lethal-Potentially Lethal —
MOLECULAR THEORY Low Dose S = eMAc D)
Lethal-Potentially Lethal —
MOLECULAR TREORY | High Dose - In[ S(®] = (pc +Mpp) D — 2 In[1 + (nyD/e)(1 - P4 )]
Lethal-Potentially Lethal —
MOLECULAR THEORY

LQ Approx

- In[ S(H)] = (Mac T Nap €BA) D + (nP5p/28) (1 - eBAT)2 D]




Prototype development

Design, implementation and usage of
one cell survival model in Geant4

Verification

Monolayer

V79-379A cells

Proton beam
E =366 MeV

Continuous line:

LQ theoretical model Li nea I"-Quad ratic
model

Data points:
Geant4 simulation results

S=e -aD-p D?

a =0.32
B=-0.039

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




Outlook

IEEE NSS 2006

Human cell lines irradiated with X-rays

— Talk rmhencir
1.00 s _\H .A:mnumn Ovary
‘ B NS i e
Publication c M ovcan s sare
— 1%t software development cycle E
g 3
Analysis and design £
— Models ¥ \
— Mixed fields 0.01} ¢
ﬂfﬁfﬁﬁ Courtesy E. Hall
Physical design T 4.0 3 B i W
— New Geant4 domain Fasianion DOss {9
— Consultation desirable
Models . - Validation
— Other cell survival models _ Literature survey
— Models for other cellular processes _ Ad hoc data?

Maria Grazia Pia, INFN Genova



Validation

Atomic relaxation
Bremsstrahlung
+ other validation activities in Advanced Examples

Statistical Toolkit

Common features of the validation activities
— Collaborative, open, transparent work environment
— Rigorous, quantitative analysis
— Publication-quality methods and results

Maria Grazia Pia, INFN Genova



Atomic relaxation

Alfonso — Barbara — MG — Susanna — Valentina

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

Maria Grazia Pia, INFN Genova
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Preliminary
gualitative
evaluation:

Good agreement
between Geant4
and reference
experimental data
confirmed in
detailed results
shell-by-shell

Outlook

Quantitative
analysis

Publication




Bremsstrahlung

Barbara — Luciano — MG — Susanna

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 Geant4-INFN team

— Production at Gran Sasso Laboratory
— Experimental data acquisition from reference publications

— Major analysis effort still required

Maria Grazia Pia, INFN Genova



Differantial bremmstrahlung cross section (barn/MeY srad)

Some preliminary results: Be

R

2.72 MeV on Be

0 deg x10
LowE-Tsai

Enargy (Mew)

Maria Grazia Pia, INFN Genova

Differential bremrmstrahlung cross section (barn,/MeV srad)
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Some preliminary results: Al
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Differential brernrstrahlung cross section (barn/Mey srad)

Some prelim

2.72 MeV on Au
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Differential bremrmstrahlung crass section (barn/MeY srad)
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External energy (e /slectron)
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Integrated 0—180 deg

Low Energy
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He 1 1
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L
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L
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Beware: reference experimental data
extracted by hand from published plots

To be checked!




Bragg peak

Barbara — Francesco — Giorgio — MG — Pablo — Susanna

« See talk on Advanced Examples

Other validation activities

Alfonso — Barbara — MG — Michela — Susanna

- See talk on Advanced Examples

L Geant4 Physics Book project



tatistical Toolkit

« 2nd development cycle
— Released April 2006

What’s new

New tests
ROOT User Layer
New installation tools

Performance analysis

oodress-of-Gi
tests for binmed
distribuafion:

Goodoess-of-Gi
tests for nnbinned
diztribation:

Maria Grazia Pia, INFN Genova

-TQUarGa (10w T eERIAnon)
Chi~sguared, approcimaied algoriitim
Chi-squarsd (old implamentation)
Fizz-Cramér-von Mises

Anderson-Darkmg

Tikn

Anderson-Darline. anpracimaed algarithm

Fizz-Cramér-von Mises
Anderzon-Caring

Fuiper

Fiaton

Tika

Feizrived Kolmogaron-Smiirmay (4D)
Feiznided Kolmogaron-Smimay (Bumis)
Feighned Cramgr-von Mines

(Givonic

Grorie

Andarson-Darline asprocimaad

New developments of the Goodness-of-Fit Statistical
Toolkit

Barbara Mascialme, Andreas Pfeiffer, Mana Grazia Pia, Alberto Fabon, Paclo Viarengo

IEEE Trans. Nucl. Sci., December 2006

Abstraci— The Statistical Toolldt iz an ongoing project for the
development of open szource software tool: for statiztical data
analy:is in experimental parficle and noclear physics. The second
development cycle encompaszed an extension of the software
functionality and new tools to facilitate its usage in experimental
particle and ouclear physics. The new development: include addi-
tional goodness-of-At tests, new implementations of existing tests fo
improve their statistical precision or computational performance,
a new component to extend the uiability of the toolldt with other
data analy:is syvstems, and mew tools for an easier configuration
and build of the system in the user’s computing environment.

Index  Terms—5Software, Data Analyisis, Data comparison,
Coodness-of-Fit Testing, Statistical Toollit.

I. INTRODUCTION

HE comparizon of data distibutions with respact to other
referance data or fimetions 15 a3 commen problem m
experimental physics: some tvpical cases are the validaton of
sinulation results against expenimental data, the evaluation of
physical quantities recenstuctad by the experiment’s software
against theoretically expacted cnes, or monitering the behaviour
of a particle detector with respect to ifs normal cperation
refarence. Moreover, the regression testmg of an expenment’s
software usually mvolves some comparisens of data distribu-
flons to contrel the software stability or to venfy its evolution.
A recent project, named the Statistical Toelkit [1], undertooak
the development of an open sowrce software system for the
comparison of data distributions, especially addressed to appli-
cations in parficle and nuclear pliysics. This project 15 character-
ized by an iterative and meremental software process, according
to established best practices in software development [2]; the
first development cyele is documeanted m [1].

This paper desenibes the new developments and improve-
ments of the Statisfical Toolk:t, which have been released for
public usage m version 2. The new feznwes available respond
to experimental user requirements.

Sevaral goodness-of-fit tests have bean added to the alveady
extensive collection availabls in the first released version (listed
in Table I); some of them introduce new weaighted formulations
of establiched tests, for the fivst tme availzble i a software toel

Manuscript recedved 25 July 2006.

B Mascialivo apd M. & Pia are with TNFH Sezione & Gerova, 16144 Ge-
nova, Traly (phome- +38 010 333 420; e-mail: Barbara Mascialinogige mfn iz,
Mariarazia Piag ze infn it}

A Pfeiffer and A Ribon are with CERN, CH 1122, Geneva, Switzerland
(e-mail: Andreas Pfeifferiicem ch, Alberin Ribongicem ch).

P Viarengo is with IST Matomal Institre for Cancer Research, 14132
Genova, Ialy (e-mail: pacle viarenzogdstge. o).

for data analvzis. To the authors’ knowladze, the new version of
the Statistical Toolkit mmplements all the goodness-of-At tests
bazed on the empirical dishibution fmetion {edf) known m
statiztical sciemce. Other tests have been significantly improved,
either in therr mathematical algonthms or in their computational
performance. MNew developments in the architectiral user layer
have extended the usabulity of the Statiztical Toolkit together
with other widely used software swstemns for data analy=is. A
siznificant redssign of the suppeorting software tocls package
facilitates the confipuration of the system in the user’s own
computing environment.

The paper alszo reports a comparative analvsls of the com-
puting performance of all the algorithms mplemented: thesa
rasults provide useful suidance to experimental wsers. A com-
parative stdy of the statistical performance of the varous
goodness-of-fit tests iz the object of cwvent ressarch activ-
iy [31- [4]: it will be decumented m two dedicated papers
currantly w preparation, which will analyse the power of the
various tests for unbinned and binned distributions respectively.

II. OVERNIEW OF TEE GOODNESS-0F-FIT STATISTICAL
TOOLEIT

The Statstical Toolkit 13 a software system for statistical
data amalysis; 1t 15 especially targeted to commen applications
m experimental miclsar and particle science. It exploits the
object oriented teclnology and zeneric programuming tech-
migues; it 15 mplemented in T+ Itz life-cyele 15 based on
the sterative-mcremental modsl of the Unified Frocess [2]; the
process famework adopted emphasizes the role of the soffware
architecture and the relevance of use cases m the software
development.

The Statistical Teolkit adopts a component-bazed archi-
tecture, which facilitates its usage in association with other
data analysis software systems widely used in particle physics
experiments; its sound object orented design makes it open to
extension and evelution.

A Statistical background
Goodness-of-fit testmg provides the mathematical foumdation
for a ngorous, quantfainve svaluation of the compatibility of
two data zamples, or of a data sample against a reference
function.
Lat X amd Y be two real-valued random vanables, and let
vl and (... . 1,0 be, respectively, two samples
of mdependent and 1denfically distiibuted cbservations with

The most complete software tool for 2-sample GoF tests




...and behind everything

Phases

Disciplines Unified Process

Business Modeling

Reguirements

Analysis & Design
Fequirements
Implementation

Test

Deployment

USINess Analysis & Design
ing

Flanning
Conflguration
& Change Mgmt

Project Management
Environment

[nitial
Flanning

10 el Pl el VA
#1 # #1

Iterations

A rigorous software process

Incremental and iterative lifecycle
RUP™ as process framework, tailored to the specific project
Mapped onto ISO 15504

Maria Grazia Pia, INFN Genova



LowE EM Team

Stephane 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

Our young collaborators
Bright, enthusiastic, hard-working

Most group members: o age <35
e temporary positions

o low (or zero) salary

These young colleagues invest
their hopes for their future careers in

Geant 4

We should feel our responsibility towards
our 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 n
Support to their activities
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