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Geant4 Physics & Applications 
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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 been using Geant4 in detector 
design and are using it in physics analysis. Geant4 is also the simulation engine 
choice of the next generation of electron machines. 

The CMS detector 

Responding to the simulation needs of the LHC era, with the Higgs boson 
hunting, had been the initial motivation of the creation of the proto-Geant4 
project, RD44, in 1994. 

Projectile de Broglie O(fm) 

Projectile Kinetic 
Energy (GeV) 

Geant4 Electromagnetic Physics 
    The electromagnetic physics covers interactions of gammas, muons and 
electrons, and ionisation of all charged particles. A “standard” package offers an 
implementation suited for applications disregarding effects below a few ~10 keV, 
and a “low energy” one provides approaches (Livermore, Penelope) for more 
accurate modeling of atomic shell effects allowing simulation down to ~250 eV. A 
very low extension, Geant4-DNA, includes particle-molecule effects for an energy 
limit of ~10 eV. The same approach is developed for silicon. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Geant4 Hadronic Physics 
    Hadronic interactions involve three main regimes : high energy, with string 
models (Quark Gluon String [QGS], Fritiof [FTF]), intermediate energy, with intra-
nuclear cascade models (Bertini [BERT], Binary [BIC]), and low energy, with 
precompound, Fermi break-up, fission/evaporation, capture at rest models and 
radioactive decays. From 20 MeV down to thermal energy neutrons are handled 
by means of cross-section databases, with the High Precision [HP] package.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Medical Applications 
    Medical Applications interest in Monte Carlo is the accuracy capability in 
complex structures. Geant4 is used for radio-, proto- & carbo-therapy medical 
research fields. It is used also in optimization of brachytherapy devices, 
radioprotection and nuclear imaging. Large users communities exist in US, Europe 
and Japan. CPU performance boost allowed by Geant4 MT or by GPU prototype 
versions open the possibility for routine usage in treatment planning. 

Simulation of water chemical species migration 
accounting for electrical mutual interaction after a 50 
MeV proton irradiation. Post irradiation chemical 
attacks amount for ~60% of total damages on DNA. 

DNA geometry model simulated : 46 
chromosomes, 332k chromatine pieces, 
30 millions nucleosomes, 6 billions base 
pairs… 
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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 few eV, 
based on particle – molecule cross-sections. The approach is applied also to 
silicon, for accurate simulation of  Single Upset Events. 

The ATLAS detector 

Planetocosmics : a simulation tool for planetary 
scale particle transport. The red curve is a proton 
trajectory in the Earth magnetic field. Irradiation 
level around a planet, at ground level, and with 
related activated isotopes can then be predicted. 

The recent Higgs boson discovery 

1 ps 

1 Ps 
1 Pm 

(a) The simulation energy resolution (in %) in two sampling calorimeters compared with one 
standard deviation measurement (ZEUS calorimeter : E. Bernardi E et al., NIM A, 262, 229-242, 
(1987); G. D'Agostini et al., NIM A, 274, 134, (1989))). 

(b) Comparison of Geant4 energy loss models with ALICE test-beam data (D. Antonchyk et al., 
NIM A, 565, 551-560 (2006); P. Christiansen et al., Int. J. Mod. Phys. E, 16, 2457-2462 (2007)). 

(c) Comparison of angular distribution width (Data/MC in %) for various materials after traversing 
various material thicknesses, data from electron scattering benchmark (C. Ross et al., Med. 
Phys., 35, 4121, 2008). 

Secondary production range threshold (mm) 

(a) (b) (c) 

ADC Log(thickness/X0) 

Intermediate Energy 
Nucleon 

dominating 
behavior 

Low Energy 
Nucleus 

dominating 
behavior 

High Energy 
Quark/gluon 
dominating 

behavior 
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Incident S in Cu/LAr sandwich simplified ATLAS 
hadronic endcap calorimeter 

Examples of models combinations 
in “physics lists” 

Neutron simulation down to thermal energies: 
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Geant4 can use the same neutron data library than 
MCNPX. Verification spectra of MCNP and Geant4 output 
of outgoing neutrons produced in neutron collision. 
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Proton beam line, range shifter and dose 
deposit simulations at HIBMC (Japan). The 
proton energy is 150 MeV. (T.Aso IEEE NSS 
2007 N60-1) 

DICOM geometry and 
dose visualisation with 
« gMocrem » tool: 
http://geant4.kek.jp/gMocren/ 

Space Applications 
    Applications of Geant4 in space cover planetary scale simulation for soil level 
media activation studies, soil composition through X-ray re-emission, space ship 
simulation for radioprotection and electronic single event upset predictions, 
electronic chip scale simulation for accurate understanding of single event upset 
generation. It includes also underground, ground level or satellite cosmic ray 
experiments simulation. 

Very Low Energy 
Atomic and molecular 
structures dominating 

XMM-Newton X-ray telescope, launched in 1999 

Radiation effects on its instruments were 
modeled with Geant4 prior to its launch. 

Geant4 prediction for single 
upset rate is more accurate 
than standard software.  
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A Monte Carlo toolkit for passage of particles through matter 



Key	Geant4	func-onali-es	

•  Geant4	offers	most,	if	not	all,	of	the	func-onali-es	
required	for	the	simula-on	of	elementary	par-cle	
and	nucleus	passing	through	and	interac-ng	with	
ma<er.	

–  Kernel	
–  Geometry	and	naviga-on	

–  Physics	processes	
–  Scoring	
–  GUI	and	Visualiza-on	drivers	

•  Thanks	to	the	polymorphism	mechanism	of	C++,	
the	users	can	easily	plug-in	their	extensions	
without	interfering	with	the	other	part	of	Geant4.	

•  Extensive	user	guide	documents	and	examples	are	
provided.	
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Key	geometry	capabili-es	

•  Richest	collec-on	of	shapes	
–  CSG	(Constructed	Solid	Geometry),	

Boolean	opera-on,	Tessellated	solid,	etc.	
–  The	user	can	easily	extend	

•  Describing	a	setup	as	hierarchy	or	‘flat’	
structure	
–  Describing	setups	up	to	billions	of	

volumes	
–  Tools	for	crea-ng	&	checking	complex	

structures	
–  Interface	to	GDML	and	CAD	

•  Naviga-ng	fast	in	complex	geometry	model	
–  Automa-c	op-miza-on	

•  Geometry	models	can	be	‘dynamic’		
–  Changing	the	setup	at	run--me,	e.g.	

“moving	objects”	
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•  Geant4	offers	

–  Electromagne-c	processes	

–  Hadronic	and	nuclear	processes	
–  Photon/lepton-hadron	processes	
–  Op-cal	photon	processes	
–  Decay	processes	
–  Shower	parameteriza-on	

–  Event	biasing	techniques		
–  And	you	can	plug-in	more		

•  Geant4	provides	sets	of	alterna-ve	physics	models	
so	that	the	user	can	freely	choose	appropriate	
models	according	to	the	type	of	his/her	applica-on.	

–  For	example,	some	models	are	more	accurate	
than	others	at	a	sacrifice	of	speed.	

Physics	models	in	Geant4	
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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.  

–  A user 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 
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Geant4 History 
•  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 

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

•  Dec 4th, ’15 – Geant4 version 10.2 release 
–  Jan 27th, ’17 - Geant4 10.2-patch03 release 

•  Dec 9th, ’16 – Geant4 version 10.3 release 
–  Feb 24th, ’17 - Geant4 10.3-patch01 release 

•  We currently provide one public release every year. 
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Current version 

Retroactive 
patch release 
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D	

ph
as
e	

(R
D4

4)
	

Pr
od

uc
-o

n	
ph

as
e	

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



Geant4	–	A	Simula-on	Toolkit	

Geant4 - Past, Current and Future - M.Asai (SLAC) 8 

S. Agostinelli et al. 
Geant4: a simulation toolkit 
NIM A, vol. 506, no. 3, pp. 250-303, 2003 

J. Allison et al. 
Geant4 Developments and Applications 
IEEE Trans. Nucl. Sci., vol. 53, no. 1, pp. 270-278, 2006 

http://www.geant4.org/ 
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S. Agostinelli et al. 
Geant4: a simulation toolkit 
NIM A, vol. 506, no. 3, pp. 250-303, 2003 



Geant4 - Past, Current and Future - M.Asai (SLAC) 10 



Geant4 - Past, Current and Future - M.Asai (SLAC) 11 

J. Allison et al. 
Recent developments in Geant4 
NIM A, vol. 835, pp. 186-225, 2016 



Download	of	recent	90	days	
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•  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. 

BaBar and Geant4 

PEP-II beam line 
(-9m < zIP < 9m)  
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Large Hadron Collider (LHC) @ CERN 

Geant4 - Past, Current and Future - M.Asai (SLAC) 14 



Geant4 - Past, Current and Future - M.Asai (SLAC) 15 



Geant4 has been successfully employed for 

•  Detector design 
•  Calibration / alignment 
•  First analyses 

Geant4 - Past, Current and Future - M.Asai (SLAC) 16 

Figures from CMS 

T. LeCompte (ANL) 



Missing ET 
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T. LeCompte (ANL) 



•  X-ray Multi-Mirror mission (XMM) 
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Baffles 

X-ray detectors 
(CCDs) 

Mirrors 

Telescope tube 

•  Launch December 1999 
•  Perigee 7000 km 
•  apogee 114000 km 
•  Flight through the 

radiation belts 	
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EPIC 

RGS 

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

(~0°-5°) proton scattering: 

Obscure problem; not much analysed  

As the outcome of the simulation, beam shutter 
was introduced. 
The shutter is closed while XMM is passing 
through the radiation belt. 



γ astrophysics 
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γ-ray bursts 

AGILE GLAST/Fermi"

Typical telescope: 
 Tracker 
 Calorimeter 
 Anticoincidence 

§  γ conversion 
§  electron interactions 
§  multiple scattering 
§  δ-ray production 
§  charged particle tracking 

GLAST / Fermi!

GLAST 
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 Geant4 in space 



PlanetoCosmics 
Geant4 simulation of Cosmic Rays  
in planetary Atmo-/Magneto- spheres 
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PlanetoCosmics 
Mars field and atmosphere 

•  MGS observation Br @ 400 km 
•  Connerney et al., Geophys.Res.Let. 28, 

21, 4015-4018, 2001 
•  Cain 50-degree spherical harmonic 

model (2003) 

•  NASA Mars-GRAM2001 model 
–  p,n, T in function of : 

•  Lat., long. (topography from MOLA) 
•  Altitude, season, local time, F10.7 
•  Dust models 

–  Based on : 
•  NASA MGCM 0-80 km 
•  Univ. of Arizona MTGCM 80-170 km 
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Geant4 implementation courtesy L. Desorgher, 
University of Bern 
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M. Asai (SLAC) 1 

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 
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Simula-on	of	Radia-on	Events	
•  63-MeV	proton	incident	on	a	SiGe	Heterojunc-on	Bipolar	Transistor	(HBT)	
•  Iso-charge	surfaces	following	a	nuclear	reac-on	

Courtesy of R.Reed (Vanderbilt U.)  
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Observed	and	Predicted	SEU	Rate	for	an	SRAM	
•  SRAM	used	on	NASA	Messenger	

spacecrac	

•  Observed	Average	SEU	Rate:	

–  1x10-9	Events/Bit/Day	
•  Vendor	predicted	rate	using	CREME96:	

–  	2x10-12	Events/Bit/Day	
–  Classical	Method	nearly	a		

factor	500	lower	than	observed	rate	

•  MRED	rate	(includes	reac-on	products):	

–  Between	1.3x10-10	and	1.3x10-9	
Errors/Bit/Day	

Multi-layered 
Stack 

MRED 

Geant4 - Past, Current and Future - M.Asai (SLAC) 28 
Courtesy of R.Reed (Vanderbilt U.)  
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ASTRO-H (3) 
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Geant4	@	Medical	Science	

•  Four	major	use	cases	
–  Beam	therapy	
–  Brachytherapy	
–  Imaging	
–  Irradia-on	study	

Geant4 - Past, Current and Future - M.Asai (SLAC) 30 
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 4D RT Treatment Plan 

Y. Yang, S. Huq, L Xing, Med. 
Phys, 2006 

Source: Lei Xing, Stanford University 

Upper 
Jaws 

Lower 
Jaws 

MLC 

Ion 
chamber 
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Significant Lateral Motion 
Lateral	Mo-on	of	Lung	Tumor	
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Single	cell	irradia-on	

•  Example	of	single	cell	irradia-on	by	3	MeV	alpha	par-cles	in	a	high-resolu-on	cellular	
phantom	
–  4h	or	24h	incubated	cell	
–  64	x	64	x	60	resolu-on	
–  0.36	x	0.36	x	0.16	µm3	voxel	size	

•  Full	CENBG	microbeam	irradia-on	setup	simulated		

Courtesy of Sebasien Incerti (IN2P3-CNRS / CENBG) 
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most common DNA conformation in cells  
DNA	in	Geant4	

Conversion of ProteinDataBank-format file ► Geant4 

Courtesy of Sebasien Incerti (IN2P3-CNRS / CENBG) 
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Condensed Matter Physics in Geant4 
• Phonon propagation, including focusing based on 
elasticity tensor (right) 
 
• e-/h+ transport, including conduction band 
anisotropy and Luke-Neganov emission, under 
development (below) 

35 35 Geant4 - Past, Current and Future - M.Asai (SLAC) 



e-/h	propaga-on	with	Luke	
phonon	emission	in	Ge	crystal		

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



Bent	crystal	as	a	collimator	
•  Bent	crystal	can	be	used	as	a	collimator	to	deflect	par-cles	of	beam	halo.	
•  This	study	will	be	extended	for	T-513	experiment	at	SLAC	LCLS	ESTB	

1
. 

2
. 

3
. 

•  W.	Scandale	et	al.,	Phys.	Le<.	B	680	
(2009)	129	

Channeled 

Not channeled 

Enrico Bagli (INFN/Ferrara)  
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LSST	(Large	Synop-c	Survey	Telescope)	

“Geant4 Applications for Modeling Molecular Transport in 
Complex Vacuum Geometries.” J.Singal, J. Langton, R. 
Schindler, Int J Mod Sim Sci Comp, in press (arXiv:1302.2963) 
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Muon	tomography	for	nuclear	threat	detec-on	
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Muon	tomography	for	nuclear	threat	detec-on	
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Simula-ng	x-ray	cargo	radiography	
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User	demands	/	requirements	are	our	driving	force	

•  Geant4	has	been	evolved	and	its	capability	has	been	significantly	extended	in	the	past	
20	years.	They	all	are	demanded	/	requested	/	mo-vated	/	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	
op-ons,	crystal	structure,	phonon,	mul-threading,	to	name	just	a	few.	

•  Users	demands	are	collected	through	lots	of	different	communica-on	channels.	
–  HyperNews,	requirement	tracking	system	
–  Technical	Forum	and	user	workshops	/	tutorials	
–  Emails,	conferences,	mee-ngs	
–  Direct	involvement	of	G4	developers	to	experiments	/	user	communi-es	
–  Yearly	work-plan	is	publicized	to	the	users	for	their	feedback.	

•  	h<p://geant4.cern.ch/support/planned_features.shtml		
•  We	are	learning	NP	requirements.	

–  EIC	Socware	Consor-um	
–  How	about	Technical	Forum	dedicated	to	NP?	
–  Tutorial	focused/emphasized	on	NP	use-cases	
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The Geant4 License 

	

• Makes clear the user’s wide-
ranging freedom to use, 
extend or redistribute Geant4, 
even as part of some for-profit 
venture. 

• Simple enough that you can 
read and understand it. 

	

In response to user requests for clarification of Geant4’s distribution policy, 
the collaboration announced the Geant4 license in 2006. 

http://cern.ch/geant4/license/ 

Also available in the downloaded 
release code. 
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The Geant4 License 

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. 
	

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

1), 2) and 3) tell the world whom the software came from, and don’t claim you 
are us. 
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The Geant4 License 

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. 
!

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. 
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The Geant4 License 

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.!

6, 7) say we don’t claim that it works, and we’re not responsible if it doesn’t. 
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Geant4 – 
Recent and    
on-going 
developments 

Geant4'So*ware'

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.!

Introduction!

Investments for the future !

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 
(Xcode, Eclipse, VisualStudio).!

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

Gamma-therapy simulation running on NVIDIA 
GPGPU (Stanford/SLAC/KEK project with 
support of NVIDIA)!

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!

Intel Xeon L5520 @ 2.27GHz !

HyperThreading!

Number of threads!
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Baseline 200MB!
Additional 40MB/thread!

Exynos 4412 Quad-Core @ 1.7 GHz!

Intel Xeon Phi 7120P @ 1.238GHz !

HyperThreading!

SuperCDMS Cryogenic Dark Matter 
Search seeks to directly detect dark 
matter. Geant4 models the caustic 
pattern in a Ge crystal (left) by 
tracking individual phonons (right)!

Geant4 performs 
mission critical studies 
of radiation and 
charging effects on 
spacecraft electronics.! Impact of Neon 

ion on MOS FET.!

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 
(phonon transportation in crystals, 
drift of electrons and holes in 
semiconductors) and processes for 
bio-chemical substances and DNA.!

Simulated single 
event upset (SEU)!

Reactions of radicals available in Geant4.!

Geometry!

Energy depositions in DNA structure.!

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”.!

G4MT''
prototype19.4'

(2011)'

G4MT'
prototype19.5'

(2012)'

G4'10.0.beta'
(current)'

G4'10.0'
(Dec.'2013)'

G4'10'series'
(2014~)'

•  Proof of principle!
•  Identify objects to 

be shared!
•  First testing!

•  MT code integrated 
into G4!

•  API re-design!
•  Example migration!
•  Further testing!
•  First optimizations!

•  Production ready!
•  Public release!

•  Further 
refinements!

Total memory consumption of Intel 
Xeon Phi 7120P @ 1.238GHz !



Geant4	version	10	series	

•  The	release	in	2013	was	a	major	release.	
–  Geant4	version	10	–	release	date	:	Dec.	6,	2013	

•  The	highlight	is	its	mul--threading	capability.	
–  The	world	first	large-scale	physics	socware	fully	mul-threaded	

•  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 
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G4MT		
prototype-9.4	

(2011)	

G4MT	
prototype-9.5	

(2012)	

G4	10.0.beta	
(Jun.2013)	

G4	10.0	
(Dec.	2013)	

G4	10	series	
(2014~)	

•  Proof of 
principle	

•  Identify 
objects to 
be shared	

•  First testing	

•  MT code 
integrated 
into G4	

•  API re-design	
•  Example 

migration	
•  Further testing	
•  First 

optimizations	

•  Production 
ready	

•  Public 
release	

•  Further 
refinements	
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We	are	making	it	faster!	
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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	

56 

System Time to completion (5k events) 
Xeon E5-2620 @ 2.1 GHz  
(12 cores, 24 threads) 

570 s 

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) 

Version 10.2-p02 on KNL 
(strong-scalability) 

•  For	three	years	we	have	provided	
support	for	running	Geant4	on	KNC.		
–  ATLAS,	CMS	successfully	

mul-threaded	
•  We	will	soon	extend	our	support	to	

KNL.	
–  With	KNL,	thanks	to	x86	binary	

compa-bility	including	the	use	
of	gcc,	work-flow	is	
tremendously	simplified.	
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More	memory-efficient,	more	HPC	friendly	
•  Geant4	has	successfully	run	with	

a	combina-on	of	MT	and	MPI	on	
Mira	Bluegene/Q	Supercomputer	
(@ANL)	with	all	of	its	3	million	
threads	

–  Full-CMS	geometry	&	field	

•  I/O	is	the	limi-ng	factor	to	scale	
large	concurrent	threads:		

–  Granular	input	data	files,	output	
data/histograms,	etc.	

–  2017	work	item	
–  Targe-ng	also	Cori	@	NERSC	

57 

Version Intercept Memory/thread 

9.6 (seq.) 113 MB (113 MB) 
10.0.p02-seq 170 MB (170 MB) 

10.0.p02-MT 151 MB 28 MB 
10.3.beta-MT 148 MB 9 MB 

Memory space required for Intel Xeon Phi 3120A 
Full-CMS geometry (GDML), 4 Tesla field, 50 GeV pi- (FTFP_BERT) 

#	of	CPU	 #	of	threads	 Speed-up	
factor	

efficiency	

１０	 ８０	 ７９	 ９８．８％	

２０	 １６０	 １５８	 ９８．８％	

４０	 ３２０	 ３１７	 ９９．０％	

８０	 ６４０	 ６２６	 ９７．８％	

１６０	 １２８０	 １２５１	 ９７．７％	

３２０	 ２５６０	 ２２９７	 ８９．７％	

６４０	 ５１２０	 ３５５５	 ６９．４％	

Tachyon-2 supercomputer @ KISTI (South Korea) 
FTFP_BERT physics validation benchmark 
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Geant4 
 – Future and  
    opportunities 

Geant4'So*ware'

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.!

Introduction!

Investments for the future !

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 
(Xcode, Eclipse, VisualStudio).!

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

Gamma-therapy simulation running on NVIDIA 
GPGPU (Stanford/SLAC/KEK project with 
support of NVIDIA)!

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!

Intel Xeon L5520 @ 2.27GHz !

HyperThreading!

Number of threads!
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!

Baseline 200MB!
Additional 40MB/thread!

Exynos 4412 Quad-Core @ 1.7 GHz!

Intel Xeon Phi 7120P @ 1.238GHz !

HyperThreading!

SuperCDMS Cryogenic Dark Matter 
Search seeks to directly detect dark 
matter. Geant4 models the caustic 
pattern in a Ge crystal (left) by 
tracking individual phonons (right)!

Geant4 performs 
mission critical studies 
of radiation and 
charging effects on 
spacecraft electronics.! Impact of Neon 

ion on MOS FET.!

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 
(phonon transportation in crystals, 
drift of electrons and holes in 
semiconductors) and processes for 
bio-chemical substances and DNA.!

Simulated single 
event upset (SEU)!

Reactions of radicals available in Geant4.!

Geometry!

Energy depositions in DNA structure.!

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”.!

G4MT''
prototype19.4'

(2011)'

G4MT'
prototype19.5'

(2012)'

G4'10.0.beta'
(current)'

G4'10.0'
(Dec.'2013)'

G4'10'series'
(2014~)'

•  Proof of principle!
•  Identify objects to 

be shared!
•  First testing!

•  MT code integrated 
into G4!

•  API re-design!
•  Example migration!
•  Further testing!
•  First optimizations!

•  Production ready!
•  Public release!

•  Further 
refinements!

Total memory consumption of Intel 
Xeon Phi 7120P @ 1.238GHz !



New	physics	–	new	opportuni-es	

•  Physics	of	O(100TeV)	
•  Neutrino	interac-ons	

–  Should	come	with	enriched	event	biasing	op-ons	
•  Electron/hole	dric	in	semiconductor	
•  More	phonon	physics	
•  Channeling	effects	and	physics	with	crystal	structure	in	general	

–  X-ray	diffrac-on	
•  Single	atom	irradia-on	
•  Target	material	polariza-on	
•  Chemical	reac-ons	of	radicals	in	DNA-scale	
•  New	domains	?	

•  Note	:	Geant4	kernel	is	robust	enough	over	20	years	of	evolu-on.	This	stability	
enables	risk-free	extensions	to	new	physics.	
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New	compu-ng	trends	

•  HPC	and	cloud	friendliness	
–  Combining	MPI	and	MT	
–  Smart	data	collec-on	from	millions	of	threads		

•  Code	re-engineering	
–  Geant	Vector	Prototype	(Geant-V)	project	

•  VecGeom	solid	library,	EM	physics	
–  Splivng	transporta-on	process		

•  GPU	as	a	co-processor	
–  Off-loading	some	calcula-ons	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	
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To	sum	up	

•  Geant4 is a general purpose Monte Carlo simulation tool for elementary 
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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