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A Monte Carlo toolkit for passage of particles through: matter

Geant4 Hadranic Physics

Suvensimar Hadronic interactidns involve three mair regimes : high energy, with string
models (Quark (Jlucm String [QGS], Fritiof [F'rr]; intermediate energy, with intra-
r cascade moglels (Bertini [BERT], Hinary [BIC]), and low energy, with
precompound, Fermi break-up, fission/evappration, capture at rest models and
radioactive decays. Ffom 20 MeV down to thermal energy neutrons are handled
d by means of cross-sedtion databases, with the High Precision [HP] package.
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DNA:Scale Level Simulation
Project initiated by the ESA, in view of manned mission to Mars: it is a bottom-
up approach of dosimetry. Physics processes are extended down to a eV,
based on particle - molecule cross-sectiohs. The approach is applied also to
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HEP Applications
High Energy Physics has been the first domain to use Geant4 in production, with
the BaBar experiment. LHC experiments have beenlusing Geant4 in detector

design and are using it in physics analysis. Geant4 is blso the simulation engine
choice of the next generation of electron machines.
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Responding to the simulation needs of the LHC era, hwith the H
hunting, had been the initial motivation of the mmm'h of the proto-Geant4
project, RD44, in 1994. '
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Space Applicatibns

Applications of Geant4 in space cover planetary scdle simulation for soil level &
media activation studie: X-flay re-emission, space ship
simulation for radioprotection and electronic single, event upset predictions,
electronic chip scale simulation for accurate understanding of single event upset _
neration. It includ erground, ground level or satellite cosmic ray
imula !
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Key Geant4 functionalities

 Geant4 offers most, if not all, of the functionalities
required for the simulation of elementary particle
and nucleus passing through and interacting with
matter.

— Kernel

— Geometry and navigation

— Physics processes

— Scoring

— GUI and Visualization drivers

e Thanks to the polymorphism mechanism of C++,
the users can easily plug-in their extensions

N
without interfering with the other part of Geant4.

* Extensive user guide documents and examples are
provided.

Geant4 - Past, Current and Future - M.Asai (SLAC)




Key geometry capabilities

* Richest collection of shapes

— CSG (Constructed Solid Geometry),
Boolean operation, Tessellated solid, etc.

— The user can easily extend

e Describing a setup as hierarchy or ‘flat’
structure

— Describing setups up to billions of
volumes

— Tools for creating & checking complex
structures

— Interface to GDML and CAD

* Navigating fast in complex geometry model
— Automatic optimization

« Geometry models can be ‘dynamic’

— Changing the setup at run-time, e.g.
“moving objects”

Geant4 - Past, Current and Future - M.Asai



Physics models in Geant4

* Geant4 offers
— Electromagnetic processes
— Hadronic and nuclear processes
— Photon/lepton-hadron processes
— Optical photon processes
— Decay processes
— Shower parameterization
— Event biasing techniques
— And you can plug-in more

Geant4 provides sets of alternative physics models
so that the user can freely choose appropriate
models according to the type of his/her application.

— For example, some models are more accurate
than others at a sacrifice of speed.
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Geant4 is a toolkit

« Everything is open to the user
— Choice of physics processes/models

— Choice of GUI/Visualization/persistency/histogramming options
« Geant4 is a toolkit.
— Auser may build a standalone application on top of Geant4.

« Many examples in lots of different use-cases / user domains are
provided to start with.

— Geant4 may be used through “frameworks” or turn-key applications
« E.g. Gaudi, ART, ...
« E.g. Topas, Spenvis, PlanetoCosmics, MRED...

 Geant4 has minimal dependencies to external libraries.
— C++ and STL, cmake

— Xerces-C, OpenGL, Qt, etc. for optional persistency/GUI/Visualization
options

Geant4 - Past, Current and Future - M.Asai (SLAC)




Geant4 History

n

Early discussions, for example at CHEP 1994 @ San Francisco
— “Geant steps into the future” R. Brun et al.

— “Object oriented analysis and design of a GEANT based detector
simulator” K. Amako et al.

 Dec 94 - CERN RD44 project start

 Apr’97 - First alpha release

Jul '98 - First beta release

 Dec 98 - First Geant4 public release - version 1.0

R&D
phase

» Several major architectural revisions
— E.g. STL migration, “cuts per region”, parallel worlds, multithreading

« Dec4th 15 — Geant4 version 10.2 release

— Jan 27, ’17 - Geant4 10.2-patch03 release <= Retroactive
patch release

Production phase

« Dec 9 16 — Geant4 version 10.3 release
— Feb 24’17 - Geant4 10.3-patch01 release === Current version
* We currently provide one public release every year.

Geant4 - Past, Current aidd Future - M.Asai (SLAC)




Geant4 — A Simulation Toolkit
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= Highlights

» Multithreading resulted in a smaller memory footprint and nearly linear speed-up.
 Scoring options, faster geometry primitives, more versatile visualization were
added.
* Improved electromagnetic and hadronic models and cross sections were
developed.

Bc



Download of recent 90 days

. Nuclear Instruments and Methods in
R Physics Research Section A:

%, Accelerators, Spectrometers, Detectors
and Associated Equipment

ISSN: 0168-9002

Most Downloaded Recent Articles Most Cited Open Access Articles

Recent developments in Geant4 J. Allison | K. Amako | ...
Geant4—a simulation toolkit S. Agostinelli | J. Allison | ...

The gas electron multiplier (GEM): Operating principles and applications Fabio

Sauli

View All Articles >

Most Downloaded Recent Articles Most Cited Open Access Articles

Abstracting/ Indexing

Recent developments in Geant4 . Allison | K. Amako | ...

Track Your Paper Geant4—a simulation toolkit S. Agostinelli | ). Allison | ...

The gas electron multiplier (GEM): Operating principles and applications Fabio

Sauli

Order Journal




BaBar and Geant4

« BaBar is the pioneer HEP experiment in use of OO technology, and the first
customer of Geant4. BaBar SW and Geant4 were in the R&D phase
simultaneously.

— During the R&D phase of Geant4, we acknowledge lots of valuable
feedbacks provided by BaBar.

« BaBar started its simulation production in 2000 and had produced more than 10
billion events at more than 20 sites in Europe and North America.
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Geant4 in High Energy Physics (ATLAS at LHC)
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Geant4 has been successfully employed for

« Detector design
« Calibration / alignment
« First analyses

T. LeCompte (ANL)
GEANT4 Comparisons with the Calorimeters

- , —r — e
Q200 [ Non diffractive Minimum Bias MC, "/ signals . .

3 F ! O Non GHiractive Minkmum Bias MC. :3.|:~]k:?o‘u1uz 1 Response of the calorimeter to single
® -~ ?a"’ 2000 (V8900 GeV) isolated tracks. To reduce the effect of
£ 150 - Backopound componentol e B noise, topological clusters are used in
Z - summing the energy.

This plot agreed better than we ever
expected. (I sent the student who made it
back to make sure that they didn’ t
accidentally compare G4 with G4.

[ Beam 2009 \s=900GeV 1, [T]
ATLAS Preliminary *

800 1000 1200
m,, [MeV]

Normalized

Invariant mass of pairs of well-isolated
electromagnetic clusters.

—e— Data

The =° mass is within 0.8 + 0.6% of 1072 E
— MC MinBias 1

expectations.

The n° mass is within 3 + 2% of 107
expectations.

-
<
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t object

The detector uniformity is better than 2%. 5 0 o6 1 15 2 25

E(dR<0.1)p Figures from CMS
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- =7 ToV N 7 Tev -
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- J .
10 = 104 Mg LS .
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Er™ [GeV] EJ“'IGGVI
2 CMS Preliminary 2010 :
g o —«— Before cleaning
o~
g,os —— After cleaning
I Simulation

This is one of the hardest
things to get right. MET
incorporates everything
measured in the detector
and attempts to identify
non-interacting particles,
such as neutrinos or dark
matter.

Agreement is astounding.

You can even see that the
ATLAS detector is not
quite centered — in both
data and MC.

A GEANT4 event.

T. LeCompte (ANL)
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¢ X-ray detectors
(CCDs)

Launch December 1999
Perigee 7000 km
apogee 114000 km

Flight through the
radiation belts

& Baffles



High Dispersion Reflection Grating Plate

X-ray diffracted
Gold Reflecting Surface to Cgo Strip

at secondary
focus

50% Non Dispersed X-rays

As the outcome of the simulation, beam shutter

Low-E (~100 keV to few MeV), low-angle
was introduced.

)O_=0 inoe
(~0°-5°) proton scattering: The shutter is closed while XMM is passing

Obscure problem; not much analysed through the radiation belt.

1 A h :
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1 Some Dimensions are Distorted
e rm I for Clarity of Presentation

Complete GLAST
4 x 4 Array of Towers

v astrophysics
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> Shield

y-ray bursts

BeppoSAX Observation of Gamma-Ray Burst
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GLAST Hits Display
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Geant4 in space
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Akebono RHESST ACE  New Horizons LISA Pathfinder  LISA JWST INTEGRAL
3 i Messenger . Fermi SOHO Herschel Cassini

Astro-H

XMM-Newton

ConeXpress Chang'e-1



2\ PlanetoCosmics et ac
5 Geant4 simulation of Cosmic Rays
in planetary Atmo-/Magneto- spheres

28th International Cosmic Ray Conference — 4277 Cutoff ngldltles Vs pOSition

Geant4 Simulation of the Propagation of Cosmic Rays
through the Earth’s Atmosphere

L. Desorgher, E. O. Fluckiger, M. R. Moser, and R. Biutikofer
Physikalisches Institut, University of Bern, CH-3012 Bern, Switzerland




MARS CRUSTAL MAGNETISM MGS MAG/ER

MGS at mapping orbit altitude ~400 km
1° by 1° resolution

Connerney et al., Geophys.Res. Left,, 28, 4015-4018, 2001.

180
East Longltude
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Solar event gamma-rays

« Electron Bremsstrahlung — induced gammas in
solar flares

« Compton back-scattering
—> observable gamma-ray spectrum
much softer than predicted by simple
analytic calculations

Effects of Compton scattering on the Gamma Ray

Spectra of Solar flares

1.0000 E Jun'ichi KOTOKU
1 National Astronomical Observatory of Japan, 2-21-1 Osawa, Mitaka, Tokyo 181-8588, JAPAN
b . junichi.kotoku@nao.ac.jp
0.1000F =& E Kazuo MAKISHIMA! and Yukari MATSUMOTO?
E) E ; Department of Physics, University of Tokyo, Bunkyo-ku, Tokyo, 115-0022
} I i and
@ 0.0100 Mitsuhiro KOHAMA, Yukikatsu TERADA and Toru TAMAGAWA
o F RIKEN (Institute of Physical and Chemical research), Wako-shi, Saitama
5 i ! Also at RIKEN
8 0.0010 I 2 Present address: Mitsubishi Electric Co., Ltd.
E (Received ; accepted )
I Abstract
0.0001

Using fully relativistic GEANT4 simulation tool kit, the transport of ener-

Phot c (MeV) getic electrons generated in solar flares was Monte-Carlo simulated. and resultant
oton Ener e -
_gy bremsstrahlung gamma-ray spectra were calculated. The solar atmosphere was ap-



ISS Single Event Upset Observations

2005 MDM DRAM SEU Events 01/12/2005 06/15/2005

# of Counter Increments :

L +P1-1=299 *p1-2:283 *S0-1-258 %ASO—2=261 'Sl—1;256 XS1- 2:251
: : 5 : -90 - 5

18



RADSAFE on SEE in SRAMs

= Drain MO

= Drain M8

TCAD Cell gt
Structure: Single Charge Deposition
SRAM Cell

v
Time (seconds)

SRAM Cell Upset

in TCAD: Ne+W Event
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Geant4 Geometry and

0.1 1
Deposited Charge (pC)
523 MeV Neon Event

MRED Energy Deposition for 108 Events
Geant4 Applications in NASA Space Missions - M. Asai (SLAC)




Simulation of Radiation Events

* 63-MeV proton incident on a SiGe Heterojunction Bipolar Transistor (HBT)
* Iso-charge surfaces following a nuclear reaction

100 -
80+
@ 60- = 5HP No Buried Layer
S ] — 5HP With Buried Layer
o i
O 40-
E 0- e,

000 005 010 045 0.20
Collected Charge (pC)

Geant4 - Past, Current'and Future - M.Asai (SLAC)




Observed and Predicted SEU Rate for an SRAM e An
™ J

* SRAM used on NASA Messenger
spacecraft

* Observed Average SEU Rate: MU|ti'|ayer6d
Stack

— 1x10° Events/Bit/Day
* Vendor predicted rate using CREME96:

10797 ¢
— 2x10'2 Events/Bit/Day - ® 27 Day Averaged Observed SEU Rate
— Classical Method nearly a os | | RADSAFE Rate
10 — IRPP Method [8]
factor 500 lower than observed rate ’<>;. ;
ks _
* MRED rate (includes reaction products): 2 09 | ifﬁif ? ;¢ ¢ i T o
) i | from known
— Between 1.3x101% and 1.3x10° c [ systematic
q>’ I errors in
Errors/Bit/Day % 10710 Geantd
©
o
1011
10-12 :

6/12/04 11/9/04 4/8/05 9/5/05 2/2/06 7/2/06

QcaiicTt - rast, Curren



Time evolution of the activation background

Comparison with Geant4

1 hour after irradiated 1 day after irradiated

> > H
Q Q 1 . .
§ 10 Black : experiment 3 ﬁ O : experiment
e Red : Geantd 8 F | red : Geant4
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8 ' S0l ' ® : experiment
g-g | ~ blue : Geant4
. N i e :
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% Simulation results agrees with experimental data
within a factor of two in terms of the line intensities




Geant4 @ Medical Science

* Four major use cases
— Beam therapy
— Brachytherapy
— Imaging
— Irradiation study

Geant4 - Past, Current and Future - M.Asai (SLAC)



4

4D RT Treatment Plan

ource: Lei Xing, Stanford University

> |
N
ol Y. Yang, S. Huq, L Xing, Med.
zgadl Phys, 2006




Lateral Motion of Lung Tumor
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Single cell irradiation

el A

@ e N
 Example of single cell irradiation by 3 MeV alpha particles in a high-resolution cellular
phantom

— 4h or 24h incubated cell
— 64 x 64 x 60 resolution
— 0.36x0.36 x 0.16 um?3 voxel size
* Full CENBG microbeam irradiation setup simulated

BT

Courtesy of Sebasien Incerti (IN2P3-CNRS / CENBG)




most common DNA conformation in cells




Condensed Matter Physics in Geant4

*Phonon propagation, including focusing based on
elasticity tensor (right)

¢-/h+ transport, including conduction band
anisotropy and Luke-Neganov emission, under
development (below)

Geant4 - Past, Current and Future - M.Asai (SLAC)



e-/h propagation with Luke

phonon emission in Ge crystal

Geant4 - Past, (

Electrons: E = 1.0 V/cm; 20 scatters; TWe =0.007 pn s; V.= -29.5 km/s

............

X [mm)]

Ho'~ Trajectories: E= 1.0 V/cm; 10 scatters; Time S 3.5ns

ey —_——— - -




Bent crystal as a collimator

el AL
* Bent crystal can be used as a collimator to deflect particles of beam halo. e
* This study will be extended for T-513 experiment at SLAC LCLS ESTB
Channeled
%eooo—
O h
14000 —
12000
o NOt channeled
8000?— l
20005: A
O ——Zo 20 0 20 20608000

Deflection Angle [urad]

Counts
)
B
TTTT I'ITI"_I_|
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Ssymmetry

Those exterior walls, made of concrete 10 feet thick, offer their own
challenge. Based on computer simulations run with the particle physics
software GEANT4, the walls are expected to reduce the resolution to
about 30 centimeters.

In addition, the team must also prepare for the high radiation levels
present just outside of the reactor units.

ors (shown here in green) on either side of
ecord the path of muons (represented by the
rough the reactor. By determining how the

pctors, scientists will compile the first picture of

b with Shawna X.

As time ticks down to the restart of
the Large Hadron Collider,
scientists are making sure their
detectors run like clockwork.
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Muon tomography for nuclear threat detection

Incoming muons (p*) (from natural cosmic rays)

Micro-pattern gaseous .—s—:"'/ g

detector layers for j ---Ju---.-...?
tracking muons
‘e ~1¢cm -.**.--.-...‘
Main idea: Multiple Coulomb scattering {
is basically proportional to Z, so we can better than 100 ym .
use it to discriminate materials by Z spatialresolution possible O s
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Simulating x-ray cargo radiography
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nature.com > scientific reports > article

ol Ay
MENU V SC|E§}T|F|C D NS
B__ B Altmetric: 170  Views: 808 More detail »
Article | OPEN

Uncovering Special Nuclear Materials by
Low-energy Nuclear Reac

Figure 1: Illustration of the imaging method using a low-energy

P.B. Rose, A. S. Erickson B, M. Mayer, J. Nattress & |. Jovano Duclear reaction radiation source.

a Neutron/gamma
discriminating detectors

Scientific Reports 6, Article number: 24388 Recei\
(2016) R . . FOE
doi:10.1038/srep24388 e . . b
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geant4 City, State or ZIP Search Jobs
Geant4 jobs Showing 1-6 of 6  jop Alerts
Get daily updates for Geant4 jobs
Sort by Date Added More Filters
Relevance ~ Anytime ~ None Selected ~ Enter your email address m

Postdoctoral position at the University of Alabama for work on EXO-200 and
nEXO
University of Alabama - United States - Est. salary: $35,000 - $49,000 a year @

The nuclear physics group at the University of Alabama invites applications for a postdoctoral position. The group
plays a role in data analysis of the

4 days ago, Sponsored Related

Postdoctoral Associate
Virginia Tech - Blacksburg, VA - Est. salary: $43,000 - $62,000 a year €@

Cryogenic particle detectors, related micro-fabrication techniques, cryogenics ( especially in the milli kelvin regime),
low-background tech-niques, statistical...

Sponsored Related

Sr. Research Scientist
Smiths Detection - Newark, CA - Est. salary: $82,000 - $110,000 a year @
GEANT4, MC-GPU, EGSnrc and Penelope. The Smiths Detection Newark R&amp;D team is seeking a talented Sr....

7 days ago Related

Research Scientist
Smiths Detection - Newark, CA - Est. salary: $84,000 - $110,000 a year @

GEANT4, MC-GPU, EGSnrc and Penelope. The Smiths Detection Newark Research &amp; Technology (R&amp;T)
team is seeking a talented Research Scientist....

Nearby cities with similar jobs
Jobs in Newark, CA

Jobs in Knoxville, TN

Jobs in Fort Wayne, IN

Companies you might like
Smiths Detection
University of Tennessee - Knoxville

Harris Corporation
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User demands / requirements are our driving force

el A

@k N

 Geant4 has been evolved and its capability has been significantly extended in the past
20 years. They all are demanded / requested / motivated / inspired by our users.

— Pre-packaged physics lists, cuts-per-region, low-energy EM physics, DNA physics
and chemistry, parallel world, command-based scorers, various event biasing
options, crystal structure, phonon, multithreading, to name just a few.

 Users demands are collected through lots of different communication channels.
— HyperNews, requirement tracking system
— Technical Forum and user workshops / tutorials
— Emails, conferences, meetings
— Direct involvement of G4 developers to experiments / user communities
— Yearly work-plan is publicized to the users for their feedback.
* http://geantd.cern.ch/support/planned features.shtml

 We are learning NP requirements.
— EIC Software Consortium
— How about Technical Forum dedicated to NP?
— Tutorial focused/emphasized on NP use-cases

Geant4 - Past, Current and Future - M.Asai (SLAC)




Calorimetry for the
High Energy Frontier

=11 | yon, France
2 -6 October 2017

Home Home

Committees

Program CHEF2017 is the second edition of the CHEF
conferences series 'rho'r started in 2013 W|’rh ’rhe gool CH EF 2017 //
Imnortant dates
alorimetry for the igh nergy rontler
CHEF2017 is the second edl’rlon of the CHEF N —
CALORIMETERS Today and for futare prOJects
conferences series that started in 2013 with the goal ,-~{;‘,, 7/ A\
to address the calorimeters at the energy frontiers in
Physics. It also deals with the innovative concepts of

calorimetry in nuclear, partficles and astroparticles

......
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The Geant4 License

o1 A
L= | =7 gu \ 3
In response to user requests for clarification of Geant4’s distribution policy,
the collaboration announced the Geant4 license in 2006.
NN Geant4: License
[ < »| \E\ |E| €3 http:/ /geant4.web.cern.ch/geant4/license/ ~lQ-
oMakeS Clear the users W|de- t 4 | Download | User Forum | Géllfrv Icii:]stzalgtdsg
ranging freedom to use, Gean Search Gearct.
extend or redistribute Geant4, s s Related Links
even as part of some for-profit | e
The Geant4 Software License p—y
Ventu re . Established 30 June 2006 for Geant4 release 8.1, subsequent patches and releases. » Source code
download.
. Previous releases are covered by the disclaimer included in the release.
-Simple enough that you can
read and Understa nd |t. Copyright Holders of the Geant4 Collaboration
Last revision: 30 June 2006
. The collaboration has established the following list of institutions and individuals who
http://cern.ch/geant4/license/  jascmnooroensove fem ot e ere e st e,
who holds copyright over it, by writing to John.Apostolakis@cern.ch.
Also available in the downloadec , ., ...
release code. gath Universiy, Bt UK
Budker Institute Nuclear Physics, Novosibirsk, Russia
Budapest Technical University, Budapest, Hungary
California Institute of Technology, Pasadena, USA
CERN, European Organization for Nuclear Research, Geneva, Switzerland
CIEMAT, Madrid, Spain -
Z
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The Geant4 License

License has 8 points. The points are written clearly and simply.

N

1), 2) and 3) tell the world whom the software came from, and don’t claim you
are us.

Installation, use, reproduction, display, modification and redistribution of this software, with or
without modification, in source and binary forms, are permitted on a non- exclusive basis. Any
exercise of rights by you under this license is subject to the following conditions:

1. Redistributions of this software, in whole or in part, with or without modification, must
reproduce the above copyright notice and these license conditions in this software, the user
documentation and any other materials provided with the redistributed software.

2. The user documentation, if any, included with a redistribution, must include the following notice:
"This product includes software developed by Members of the Geant4 Collaboration ( http://
cern.ch/geant4 )."

If that is where third-party acknowledgments normally appear, this acknowledgment must be
reproduced in the modified version of this software itself.

3. The names "Geant4” and “The Geant4 toolkit” may not be used to endorse or promote software,
or products derived therefrom, except with prior written permission by license@geant4.org. If this
software is redistributed in modified form, the name and reference of the modified version must be
clearly distinguishable from that of this software.

Future - M.Asai




The Geant4 License

4) You may modify any part of Geant4 and redistribute it as you like. If you
choose to give it away free to everyone, we can have it for free too.

5) You can’t patent the code we made.

4. You are under no obligation to provide anyone with any modifications of this software that you
may develop, including but not limited to bug fixes, patches, upgrades or other enhancements or
derivatives of the features, functionality or performance of this software. However, if you publish or
distribute your modifications without contemporaneously requiring users to enter into a separate
written license agreement, then you are deemed to have granted all Members and all Copyright
Holders of the Geant4 Collaboration a license to your modifications, including modifications
protected by any patent owned by you, under the conditions of this license.

5. You may not include this software in whole or in part in any patent or patent application in
respect of any modification of this software developed by you.

Geant4 - Past, Current and Future - M.Asai (SLAC)




The Geant4 License

6, 7) say we don’t claim that it works, and we’re not responsible if it doesn't.

6. DISCLAIMER

THIS SOFTWARE IS PROVIDED BY THE MEMBERS AND COPYRIGHT HOLDERS OF THE
GEANT4 COLLABORATION AND CONTRIBUTORS "AS IS" AND ANY EXPRESS OR IMPLIED
WARRANTIES, INCLUDING, BUT NOT LIMITED TO, IMPLIED WARRANTIES OF
MERCHANTABILITY, OF SATISFACTORY QUALITY, AND FITNESS FOR A PARTICULAR
PURPOSE OR USE ARE DISCLAIMED. THE MEMBERS OF THE GEANT4 COLLABORATION
AND CONTRIBUTORS MAKE NO REPRESENTATION THAT THE SOFTWARE AND
MODIFICATIONS THEREOF, WILL NOT INFRINGE ANY PATENT, COPYRIGHT, TRADE
SECRET OR OTHER PROPRIETARY RIGHT.

7. LIMITATION OF LIABILITY

THE MEMBERS AND COPYRIGHT HOLDERS OF THE GEANT4 COLLABORATION AND
CONTRIBUTORS SHALL HAVE NO LIABILITY FOR DIRECT, INDIRECT, SPECIAL,
INCIDENTAL, CONSEQUENTIAL, EXEMPLARY, OR PUNITIVE DAMAGES OF ANY
CHARACTER INCLUDING, WITHOUT LIMITATION, PROCUREMENT OF SUBSTITUTE GOODS
OR SERVICES, LOSS OF USE, DATA OR PROFITS, OR BUSINESS INTERRUPTION, HOWEVER
CAUSED AND ON ANY THEORY OF CONTRACT, WARRANTY, TORT (INCLUDING
NEGLIGENCE), PRODUCT LIABILITY OR OTHERWISE, ARISING IN ANY WAY OUT OF THE
USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

8. This license shall terminate with immediate effect and without notice if you fail to comply with
any of the terms of this license, or if you institute litigation against any Member or Copyright
Holder of the Geant4 Collaboration with regard to this software.
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Geant4 —
Recent and
on-going
developments
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Geant4 Software

Introduction
Geant4 is being used in many different fields where simulation of
radiation passing through and interacting with matter is critical.
User domains include: high energy and nuclear physics, medical
physics and space engineering, shielding protection and more.
Its abstract layers based on robust OO design enables flexibility
and extendibility of the code, and its open-source code and open
collaboration have allowed substantial extensions of the code.
New features are constantly added to the code, while increasing
attention is paid to improving software performance and
robustness by employing cutting-edge software engineering
technologies.

New physics
The flexibility and extendibility of
Geant4 design allows it to be applied
to new physics domains.These include”
the physics of condensed matter :

(PI_1°"°n transportation in c_rystals, SuperCDMS Cryogenic Dark Matter
drift of electrons and holes in Search seeks to directly detect dark
semiconductors) and processes for ~ matter. Geant4 models the caustic
bio-chemical substances and DNA. pattern in a Ge crystal (left) by
* tracking individual phonons (right)
Reaction Reacton rate (10 M +°)
R Geant4 performs
mission critical studies
of radiation and
charging effects on
spacecraft electronics.  Impact of Neon
ion on MOS FET.

Electrostati Potential (V)

Energy depositions in DNA structure.

Geometry

The flexibility and extendibility of Geant4
design also enables handling rich
collection of shapes including CSG
(Constructed Solid Geometry), BREP
(Boundary REPresented), Boolean
operation, Tessellated solid, etc. and the
user can easily add new shapes. Geant4
geometry navigation can deal with setups
up to billions of volumes with automatic
optimization. In addition, geometry
models can be ‘dynamic’, i.e. changing the
setup at run-time, e.g.“‘moving objects”.

Software quality assurance

Geant4 uses modern tools to manage the code and improve code
quality: from handling issues with JIRA to continuous testing
integration with CTest/CDash, profiler based optimizations,
Quality/Assurance (Coverity,Valgrind, etc.), and IDE integration

(eade. Felipse, VISUAlSidio) o ——
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S
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New era - Geant4 version 10 series
The next release of Geant4 —Version 10.0 (December 2013) will
include event-level parallelism via multi-threading. To efficiently use
new computing architectures the workload of a single job will be
sub-divided to many worker threads each responsible for the
simulation of one or more events. Current beta release has already
shown good scalability on a number of different architectures: Intel
Xeon servers, Intel Xeon Phi co-processors and low-power ARM
processors

« Proof of principle « APl re-design

- Identify objects to + Example migration
be shared « Further testing

« First testing « First optimizations

GamMT
prototype-9.4
(2011)

« MT code integrated + Production ready
into G4  Public release

= Further
refinements

Intel Xeon L5520 @ 2.27GHz

Intel Xeon Phi 7120P @ 1.238GHz

6 8 16 iz 14 16
N Threads

Exynos 4412 Quad-Core @ 1.7 GHz

56 e

60 156
NThreads.
Total memory consumption of Intel

Xeon Phi 7120P @ 1.238GHz
2= 30012003855

b 210a%:
Cnizindof = 17.5(1697/97)

T EWEEERIER

% s 100
Number of threads

Investments for the future

Geant4 collaboration members are participating in various
explorations of emerging technologies. These technologies include
GPU/CUDA, OpenCL, OpenACC, vectorization, DSL, etc.

RITSUMEIKAN

Gamma-therapy simulation running on

support of NVIDIA)
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Geant4 version 10 series

n

e Therelease in 2013 was a major release.

— Geant4 version 10 —release date : Dec. 6, 2013
* The highlight is its multi-threading capability.

— The world first large-scale physics software fully multithreaded
« Geant4 version 10 series will be evolving.

— Performance improvements (both in physics and computing)

— Missing functionalities yet to be migrated to multithreading,

— Additional APIs

— Additional functionalities

— New physics

GAMT GAMT
prototype-9.4 prototype-9.5
(2011) (2012)

G4 10.0.beta G4 10.0 G4 10 series

(Jun.2013) (Dec. 2013) (2014~)

* Proof of * MT code * APlre-design ¢ Production e« Further
principle integrated ¢ Example ready refinements
* |dentify into G4 migration e Public
objects to * Furthertesting  release
be shared * First
* First testing optimizations
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We are making it faster!

(4 50 GeV proton FTFP_BERT

Q . | | | I |

ST R AMD Opteron 6128 HE @2.00 GHz

z GCC4.9.2/Linux x86_64
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2 0.7k ® CMS Geometry and Magnetic Field Map |

CCEcs ' = Simple Calorimeter (Cu-Scintilator) and B=4T
0-6 | | | | |

9.4 9.5 9.6 10.0 10.1 10.2
Geant4 Version

ATLAS : “The 10% CPU improvement we gain from the move from G4 9.6 to
10.1 is invaluable to the collaboration.”
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Many core, many thread

el A

CMS geometry (GDML), =~ 50 GeV (FTFP_BERT), B field (4T) - KNL

* For three years we have provided

100 |

Version 10.2-p02 on KNL
(strong-scalability)

20}

support for running Geant4 on KNC.

— ATLAS, CMS successfully
multithreaded

 We will soon extend our support to
KNL.

— With KNL, thanks to x86 binary
compatibility including the use
of gcc, work-flow is

» o 2 =) tremendously simplified.
System Time to completion (5k events)
Xeon E5-2620 @ 2.1 GHz 570's
(12 cores, 24 threads)
KNC (31s1P) @ 1.0 GHz (228 threads) 1000 s

KNL (7210, quadrant mode, MCDRAM only)
@ 1.3 GHz (255 threads)

378 s (x3 improvement w.r.t. KNC)

KNL (shared library)

480 s (25% slower than static library)
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More memory-efficient, more HPC friendly ., ..

D AN

Version Intercept ETCTITCE Il e Geant4 has successfully run with

a combination of MT and MPI on
9.6 (seq.) 113 MB (113 MB) .

Mira Bluegene/Q Supercomputer
10.0.p02-seq 170 MB (170 MB) (@ANL) with all of its 3 million
10.0.p02-MT 151 MB 28 MB threads
10.3.beta-MT 148 MB 9 MB — Full-CMS geometry & field

Memory space required for Intel Xeon Phi 3120A * |/Oisthe limiting factor to scale
Full-CMS geometry (GDML), 4 Tesla field, 50 GeV pi- (FTFP_BERT) |arge concurrent threads:
factor data/histograms, etc.
(o)

80 79 98. 8% — 2017 work item

160 158 98. 8% — Targeting also Cori @ NERSC

e 217 R ... ..

640 626 97 8% | OE status.alct.anl.gov/mira/activity Q Sea

160 1280 1251 97. 7%
320 2560 2297 89. 7%
5120 3555 69. 4%

Tachyon-2 supercomputer @ KISTI (South Korea)
FTFP_BERT physics validation benchmark

Geant4 - Past, Cul

Walltime ¢ Locaton % Queue

Jobld ¢ Project s Run Time ~
B creroyreC 2 00:00:26 01:00:00 MIR-00000-7BFF1-49152 prod-capability



Geant4

— Future and
opportunities
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Geant4 Software

Introduction
Geant4 is being used in many different fields where simulation of
radiation passing through and interacting with matter is critical.
User domains include: high energy and nuclear physics, medical
physics and space engineering, shielding protection and more.
Its abstract layers based on robust OO design enables flexibility
and extendibility of the code, and its open-source code and open
collaboration have allowed substantial extensions of the code.
New features are constantly added to the code, while increasing
attention is paid to improving software performance and
robustness by employing cutting-edge software engineering
technologies.

New physics
The flexibility and extendibility of
Geant4 design allows it to be applied
to new physics domains.These include”
the physics of condensed matter :

(PI_1°"°n transportation in c_rystals, SuperCDMS Cryogenic Dark Matter
drift of electrons and holes in Search seeks to directly detect dark
semiconductors) and processes for ~ matter. Geant4 models the caustic
bio-chemical substances and DNA. pattern in a Ge crystal (left) by
* tracking individual phonons (right)
Reaction Reacton rate (10 M +°)
R Geant4 performs
mission critical studies
of radiation and
charging effects on
spacecraft electronics.  Impact of Neon
ion on MOS FET.

Electrostati Potential (V)

Energy depositions in DNA structure.

Geometry

The flexibility and extendibility of Geant4
design also enables handling rich
collection of shapes including CSG
(Constructed Solid Geometry), BREP
(Boundary REPresented), Boolean
operation, Tessellated solid, etc. and the
user can easily add new shapes. Geant4
geometry navigation can deal with setups
up to billions of volumes with automatic
optimization. In addition, geometry
models can be ‘dynamic’, i.e. changing the
setup at run-time, e.g.“‘moving objects”.

Software quality assurance

Geant4 uses modern tools to manage the code and improve code
quality: from handling issues with JIRA to continuous testing
integration with CTest/CDash, profiler based optimizations,
Quality/Assurance (Coverity,Valgrind, etc.), and IDE integration
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New era - Geant4 version 10 series
The next release of Geant4 —Version 10.0 (December 2013) will
include event-level parallelism via multi-threading. To efficiently use
new computing architectures the workload of a single job will be
sub-divided to many worker threads each responsible for the
simulation of one or more events. Current beta release has already
shown good scalability on a number of different architectures: Intel
Xeon servers, Intel Xeon Phi co-processors and low-power ARM
processors

« Proof of principle « APl re-design

- Identify objects to + Example migration
be shared « Further testing

« First testing « First optimizations

GamMT
prototype-9.4
(2011)

« MT code integrated + Production ready
into G4  Public release

= Further
refinements

Intel Xeon L5520 @ 2.27GHz

Intel Xeon Phi 7120P @ 1.238GHz

6 8 16 iz 14 16
N Threads

Exynos 4412 Quad-Core @ 1.7 GHz

56 e

106 150
N Threads

Total memory consumption of Intel
Xeon Phi 7120P @ 1.238GHz
2= 30012003855

b 210a%:
Cnizindof = 17.5(1697/97)

T EWEEERIER

% s 100
Number of threads

Investments for the future

Geant4 collaboration members are participating in various
explorations of emerging technologies. These technologies include
GPU/CUDA, OpenCL, OpenACC, vectorization, DSL, etc.

RITSUMEIKAN

Gamma-therapy simulation running on

support of NVIDIA)
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New physics — new opportunities o~ A

* Physics of O(100TeV)

* Neutrino interactions
— Should come with enriched event biasing options

e Electron/hole drift in semiconductor

* More phonon physics

* Channeling effects and physics with crystal structure in general
— X-ray diffraction

e Single atom irradiation

* Target material polarization

* Chemical reactions of radicals in DNA-scale

* New domains ?

* Note : Geant4 kernel is robust enough over 20 years of evolution. This stability
enables risk-free extensions to new physics.
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New computing trends

 HPC and cloud friendliness

— Combining MPI and MT

— Smart data collection from millions of threads
* Code re-engineering

— Geant Vector Prototype (Geant-V) project

* VecGeom solid library, EM physics

— Splitting transportation process

* GPU as a co-processor

— Off-loading some calculations to GPU, e.g. EM physics, thermal neutron
physics, DNA physics and chemical processes, etc.

* Will be integrated into Geant4 with (hopefully) minimum API changes

Geant4 - Past, Current and Future - M.Asai (SLAC)




Tosum up

e An

Geant4 is a general purpose Monte Carlo simulation tool for element;;slnv
particles passing through and interacting with matter. It finds quite a

wide variety of user domains including high energy and nuclear physics,
space engineering, medical applications, material science, radiation
protection and security.

After 20 years with several architectural evolutions, Geant4 is still
steadily evolving.

— Latest evolution was Geant4 version 10.0 released in December
2013 that is the first fully multithreaded large-scale physics software
in the world.

Given Geant4 is nowadays mission-critical for many users including all
LHC experiments, space missions, medical applications, etc., Geant4 is
to be kept maintained and still evolving for at least next decade.

User’s demands / requirements are our driving force.
— May the Force be with Geant4!
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