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25 years in 42 17 minutes...
Due to limited time allocation, there is room only to highlight a few results
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What has Geant4 been doing for 25 years?

1994 RD44 mandate:

creating a detector simulation toolkit necessary for the next generation of
HEP experiments

“A variety of requirements also come from heavy ions physics, CP violation physics,
cosmic rays physics, medical applications and space science applications. In order to meet

such requirements, a large degree of functionality and flexibility has to be provided.”
RD44 Status Report, 1995

1998 “Geant4 has a multi-disciplinary nature,
providing functionality in a set of different scientific fields.
The Geant4 Object-Oriented design allows the user to

understand, extend, or customise the toolkit in all the domains.”
RD44 Status Report, 1998

Enabling scientific production
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Monte Carlo transport codes Usage

characteristics
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Physics Letters B

Volume 716, Issue 1, 17 September 2012, Pages 1-29

6121 citations

Observation of a new particle in the search for the Standard
Model Higgs boson with the ATLAS detector at the LHC

ELSEVIER

Physics Letters B

& o Volume 716, Issue 1, 17 September 2012, Pages 30-61

ELSEVIER

Observation of a new boson at a mass of 125 GeV with the CMS
experiment at the LHC
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First Result from the Alpha Magnetic Spectrometer on the
International Space Station: Precision Measurement of the Positron
Fraction in Primary Cosmic Rays of 0.5-350 GeV

797 citations

M. Aguilar et al. (AMS Collaboration)
Phys. Rev. Lett. 110, 141102 — Published 3 April 2013

Measurement of the Cosmic Ray e* + e~ Spectrum from 20 GeV to
1 TeV with the Fermi Large Area Telescope

A. A. Abdo et al. (Fermi LAT Collaboration)
Phys. Rev. Lett. 102, 181101 — Published 4 May 2009

797 citations

REVIEW ARTICLE | AUGUST 11 2008
Gas-assisted focused electron beam and ion beam
processing and fabrication ©

Ivo Utke; Patrik Hoffmann; John Melngailis

Eur. Phys. J. C (2011) 71: 1534

2 THE EUROPEAN
DO 10.1140/epjc/s10052-010-1534-9

PHYSICAL JOURNAL C

Review

1244 citations

Heavy quarkonium: progress, puzzles, and opportunities

’ '.) Check for updates ‘

816 citations

J. Vac. Sci. Technol. B 26, 1197-1276 (2008)
https://doi.org/10.1116/1.2955728

Search for Majorana Neutrinos Near the Inverted Mass Hierarchy

Region with KamLAND-Zen

A. Gando et al. (KamLAND-Zen Collaboration)

714 citations

Phys. Rev. Lett. 117, 082503 — Published 16 August 2016; Erratum Phys. Rev. Lett. 117, 109903 (2016)

Indication of Reactor 7, Disappearance in the Double Chooz

Experiment

Y. Abe et al. (Double Chooz Collaboration)
Phys. Rev. Lett. 108, 131801 — Published 28 March 2012

967 citations

Dark Matter Results from 54-Ton-Day Exposure of PandaX-ll
Experiment

Xiangyi Cui et al. (PandaX-Il Collaboration)
Phys. Rev. Lett. 119, 181302 — Published 30 October 2017

726 citations

INSTITUTE OF PHYSICS PUBLISHING PHYSICS IN MEDICINE AND BIOLOGY

Phys. Med. Biol. 49 (2004) 4543-4561 PII: S0031-9155(04)80763-2

1617 citations
GATE: a simulation toolkit for PET and SPECT
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() Evidence for the two-body charmless baryonic decay
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Dark Matter Search Results from a One Ton-Year Exposure of
XENONI1T o
1319 citations

E. Aprile et al. (XENON Collaboration)
Phys. Rev. Lett. 121, 111302 — Published 12 September 2018

PHYSICS IN MEDICINE AND BIOLOGY
doi:10.1088/0031-9155/57/11/R99

IOP PUBLISHING

Phys. Med. Biol. 57 (2012) R99-R117

TOPICAL REVIEW

838 citations

Range uncertainties in proton therapy and the role of
Monte Carlo simulations




LETTER

Journal of Archaeological Science 25

Volume 56, April 2015, Pages 41-60

doi:10.1038/nature24647

Discovery of a big void in Khufu’s Pyramid by
Optical dating in archaeology: thirty years in retrospect and | | ghservation of cosmic—ray muons

grand challenges for the future

’ . ADVANCING
AGU100 4, P .
C 7
minerals m'\'U Geophysical Research Letters 'y
Review et e e RESEARCHLETTER  Termination of Electron Acceleration in Thundercloud
A Review of Sensor-Based Sorting in Mineral Processing: The 10-1020/2018GL077784 by Intracloud/Intercloud Discharge
Potential Benefits of Sensor Fusion

Geant4 is used in many different fields...

Home > Hydrobiologia > Article

Nonlin. Processes Geophys., 27, 75-119, 2020
https://doi.org/10.5194/npg-27-75-2020

Adinetavaga under fire: simulating the impact of radiation th Creutive Comnoms Ausbution 40 Licene,

ROTIFERAXVI | OpenAccess | Published: 16 August2023 | (2023)

The physics of space weather/solar-terrestrial physics (STP): what
we know now and what the current and future challenges are

Geosci. Instrum. Method. Data Syst., 2, 55-60, 2013 Geoscientific o

J ourna l Of FOOd E n g | nee ri n 9 www.geosci-instrum-method-data-syst.net/2/55/2013/ Instrumentation §

Volume 149, March 2015, Pages 137-143 doi:10.5194/gi-2-55-2013 >
VI © Author(s) 2013. CC Attribution 3.0 License. Methods and g
Data Systems @

Improving phytosanitary irradiation treatment of mangoes
using Monte Carlo simulation

Towards a muon radiography of the Puy de Dome

Mitochondrion & Advances in Computational Mathematics (2023) 49:62
Volume 13, Tssue 6, November 2013, Pages 736-742 - https;//doi_org/1 0.1007/s10444-023-10065-9

Short communication |)

Predicted ionisation in mitochondria and observed acute Caates.
changes in the mitochondrial transcriptome after gamma Finite basis physics-informed neural networks
irradiation: A Monte Carlo simulation and quantitative PCR (FBPINNS): a scalable domain decomposition approach

study for solving differential equations




Counts

Small and big

5000

4000 1

3000 |

2000 |

1000 |

50000
40000
£30000
20000

10000

Geant4 - all

Counts

1-5
6-15
16-50
51-150
151-750
>750

OoooOom

M L XL

Authors' size

SHELX - all

1-5
6-15
16-50
51-150
151-750
>750

oOoooom

SHELX
>76000 citations

M L XL XXL

Authors' size

XXL

12000
10000

8000

Counts

6000

4000

2000

60

Geant4 - 2004

| 1-5

XS S M L XL XXL

Authors' size

Geant4 - 2012

250

200

150

Counts

100

50

Research groups’ size:
from XS to XXL

Geantg

Research groups of widely varied sizes usAémeeant4

Other highly cited software systems

Quantum Espresso - all

X8

1-5
6-15
16-50
51-150
151-750
>750

Quantum Espresso
~20000 citations

oOoooom

S M L XL XXL

Authors' size

Counts

Xs

Counts

| 1-5

@ 6-15

O 16-50

O 51-150
0 151-750
0O >750

M L XL XXL

Authors' size
Geant4 - 2022

400 | 1-5

@ 6-15

O 16-50
0 51-150
0O 151-750

300 O >750

200

100

0
Xs S XXL

Higgs 2012 ATLAS - all

5000

4000

3000

2000

1000

1-5
@ 6-15
0O 16-50
O 51-150
O 151-750
0O >750

Higgs boson!

S M L XL XXL

Authors' size



Cumulative fraction of wealth

FalrneSS In econometrics, measured by inequality indices

Gini index

Most common measure of inequality

1.0
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1.0

“The N richest people in the world are worth
more than the poorest X%”

Pietra index
(AKA Ricci-Schutz index, Hoover index, Robin Hood index)

P = max(L,.(x) — £(x))

Used in derivative markets as a benchmark measure of
statistical heterogeneity

Atkinson index

Used to calculate the proportion of total income
that would be required to achieve an equal level
of social welfare as at present, if incomes were

perfectly distributed

Theil index (the same as redundancy in
information theory),

Kolm index, coefficient of variability,
generalized entropy etc. 10



Inequality index

Geo-inequality

Geographical distribution evaluated
by means of econometric methods

&, The use of Geant4 is more fairly distributed among countries
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Diversity

Concept drawn from ecology:
number of species and their abundance

o Diversity measures the richness and the complexity of a community
o Related to the concept of entropy in information theory
@ Measured by several indices, with different sensitivity to rare species

Margalef index Dpg=(S—1)/logN

Simpson index P

i1

=

S
Shannon index BEEEDN AL
i=1

1 S
Renyi diversity iz l—log(z pfj
—q i=1
1 S
Tsallis diversity H s = U(ZPZ-Q - 1)
T i=1

Recent consensus on Hill indices to measure diversity:
mathematical functions that combine richness and evenness

0 | number of species
g 1/(1-q) S = # of different species 1 lim Dot (—i ) j
‘D= p! p = proportion of species 9 1| el Pt
=l q = order of Hill index 2'p=13p;
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Hill indices can be interpreted as

effective number of species

=)

compare the diversity

of communities

Diversity of the research areas of citing papers
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HillO5 index, area
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A step forward: the Web of Science as a web
What interacts with what? Who with whom?

Network analysis over words (in titles and abstracts), authors, institutes etc.

Moving from flat tables to graphs Example
_ — . WoS records of the 2022
e - citations of the Geant4

E\NIM A 2003 paper

= o e e
— t= " RE V
analysis 169 —&y % N
115 relevant words A - 374
: e measurement: occurrences
out of 21699 words occurring
in titles + abstracts of 1060 citing papers What is "measurement” related to
(relevant: appearing in at least Niy,eshos = 30 papers) in Geant4 citations?

The analysis clusters the connections in the Web of Science data

Maria Grazia Pia, INFN Genova 14



Anal .
Patents VSIS in progre.

US Patents associated with Geant4

as| Mann-Kendall
ol 290 and
2 Cox-Stuart
& o5t
3 trend tests
5  20f
o
£ 15 Ho: no trend
1o} H.: ~ trend
5_
p <0.01

US patents retrieved from the
United States Patent and Trademark Office (USPTO)
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CO"CIUS'O"S >16000 citations

Most cited paper in Particle and Fields Physics, Nuclear Physics,

Nuclear Science and Technology, Instruments and Instrumentation

Most cited paper authored by CERN, ESA, INFN...

Enables small research groups and large collaborations to produce scientific results
Diverse research areas and fair geographical spread

“Geant4 has a multi-disciplinary nature,

Desian providing functionality in a set of different scientific fields.
g The Geant4 Object-Oriented design allows the user to

understand, extend, or customise the toolkit in all the domains.”

..\

Many new and original ideas

RBRID44 Depth of thought

Paradigm shift Courage
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