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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… M
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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: 

Ur
an

ium
 N

uc
leu

s S
ize

 

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 



Geant4 – Its history 
•  Dec ’94 - Project start 
•  Apr ’97 - First alpha release  
•  Jul ’98 - First beta release  
•  Dec ’98 - First Geant4 public release - version 1.0 
•  … 
•  Dec 2nd, ’11 – Geant4 version 9.5 release 

–  Oct 22nd, ’12 - Geant4 9.5-patch02 release 
•  Nov 30th, ’12 – Geant4 version 9.6 release 

–  Mar 20th, ’14 - Geant4 9.6-patch03 release 
•  Dec 6th, ’13 – Geant4 version 10.0 release 

–  Feb 28th, ’14 - Geant4 10.0-patch01 release 
–  Coming very soon - Geant4 10.0-patch02 release 

•  We currently provide one public release every year. 
–  Beta releases are also available. 
–  Release announcements on Collaboration Web pages and through the announcement 

mailing list 
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Current version 

Retroactive 
patch release 



Geant4	  version	  10	  series	  
•  The	  release	  in	  2013	  was	  a	  major	  release.	  

–  Geant4	  version	  10	  –	  release	  date	  :	  Dec.	  6,	  2013	  
•  The	  highlight	  is	  its	  mulA-‐threading	  capability.	  

–  A	  few	  interfaces	  need	  to	  be	  changed	  due	  to	  mulA-‐threading	  
•  It	  offers	  two	  build	  opAons.	  

–  MulA-‐threaded	  mode	  (including	  single	  thread)	  
–  SequenAal	  mode	  

•  In	  case	  a	  user	  depends	  on	  thread-‐unsafe	  external	  libraries,	  he	  may	  install	  
Geant4	  in	  sequenAal	  mode.	  Almost	  zero	  migraAon	  cost	  for	  sequenAal	  v10.	  

G4MT	  	  
prototype-‐9.4	  

(2011)	  

G4MT	  
prototype-‐9.5	  

(2012)	  

G4	  10.0.beta	  
(June	  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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Geant4	  mulA-‐threading	  :	  event-‐level	  parallelism	  
•  This	  choice	  minimizes	  the	  changes	  in	  user-‐code	  

•  Maintain	  API	  changes	  at	  minimum	  
•  All	  Geant4	  code	  has	  been	  made	  thread-‐safe.	  

–  Thread-‐safety	  implemented	  via	  Thread	  Local	  Storage	  
•  Most	  memory-‐consuming	  parts	  of	  the	  code	  (geometry,	  physics	  tables)	  are	  shared	  

over	  threads.	  
–  “Split-‐class”	  mechanism:	  reduce	  memory	  consumpAon	  

•  Read-‐only	  part	  of	  most	  memory	  consuming	  classes	  are	  shared	  
•  Enabling	  threads	  to	  write	  to	  thread-‐local	  part	  

•  ParAcular	  a[enAon	  to	  create	  “lock-‐free”	  code:	  linearity	  (w.r.t.	  #threads)	  is	  the	  
metrics	  we	  are	  concentraAng	  on	  for	  the	  v10.0	  release.	  	  
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Split	  class	  –	  case	  of	  parAcle	  definiAon	  	  
•  In	  Geant4,	  each	  parAcle	  type	  has	  its	  own	  dedicated	  object	  of	  

G4ParAcleDefiniAon	  class.	  
–  StaAc	  quanAAes	  :	  mass,	  charge,	  life	  Ame,	  decay	  channels,	  etc.,	  	  

•  To	  be	  shared	  by	  all	  threads.	  
–  Dedicated	  object	  of	  G4ProcessManager	  :	  list	  of	  physics	  processes	  this	  

parAcular	  kind	  of	  parAcle	  undertakes.	  
•  Physics	  process	  object	  must	  be	  thread-‐local.	  

G4ParAcleDefiniAon	  

- G4double mass 
- G4double charge 
- G4double lifetime 
- Decay table 

- G4int 
particleIndex 

G4PartDefSpli[er	  

- Array of TLS 
pointers of 
G4ProcessManager 

-‐ TLS	  pointer	  
-‐ TLS	  pointer	  
-‐ TLS	  pointer	  
-‐ TLS	  pointer	  
-‐ TLS	  pointer	  
-‐ TLS	  pointer	  

TLS	  pointer	   G4ProcessManager	  

-‐ Proc	  man*	  

-‐ Proc	  man*	  

-‐ Proc	  man*	  

-‐ Proc	  man*	  
-‐ Proc	  man*	  

-‐ Process	  A*	  
-‐ Process	  B*	  
-‐ Process	  C*	  
-‐ Process	  D*	  

<static singleton> <thread local> <shared> 
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Geant4	  mulA-‐threading	  :	  event-‐level	  parallelism	  
•  This	  choice	  minimizes	  the	  changes	  in	  user-‐code	  

•  Maintain	  API	  changes	  at	  minimum	  
•  All	  Geant4	  code	  has	  been	  made	  thread-‐safe.	  

–  Thread-‐safety	  implemented	  via	  Thread	  Local	  Storage	  
•  Most	  memory-‐consuming	  parts	  of	  the	  code	  (geometry,	  physics	  tables)	  are	  shared	  

over	  threads.	  
–  “Split-‐class”	  mechanism:	  reduce	  memory	  consumpAon	  

•  Read-‐only	  part	  of	  most	  memory	  consuming	  classes	  are	  shared	  
•  Enabling	  threads	  to	  write	  to	  thread-‐local	  part	  

•  ParAcular	  a[enAon	  to	  create	  “lock-‐free”	  code:	  linearity	  (w.r.t.	  #threads)	  is	  the	  
metrics	  we	  are	  concentraAng	  on	  for	  the	  v10.0	  release.	  	  

•  IniAal	  performance	  penalAes	  observed	  in	  early	  prototypes	  have	  already	  been	  
addressed.	  

•  TesAng	  on	  both	  x86_64	  and	  MIC	  architectures	  
•  Use	  of	  POSIX	  standards	  	  

–  Allowing	  for	  integraAon	  with	  user-‐preferred	  parallelizaAon	  frameworks	  (e.g.	  
MPI,	  TBB,	  etc.)	  
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Performance	  on	  different	  architectures	  	  
•  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. 
–  On Intel architectures, it has shown performance improvements not only up 

to the number of physical cores but in hyper-thread mode as well. 

Intel Xeon L5520 @ 2.27GHz  

HyperThreading 

Exynos 4412 Quad-Core @ 1.7 GHz Intel Xeon Phi 7120P @ 1.238GHz  

HyperThreading 
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Memory	  consumpAon	  

•  Geant4 compiled for 
MIC architecture 

•  Full CMS detector 
without sensitive 
detectors, hits or 
trajectories 

•  No optimization yet 
•  ~40MB /thread 
•  Works in progress to 

reduce the memory 
consumption per 
thread. 

•  For example 
eliminating big 
static arrays in 
physics 
processes 

PRELIMINARY 
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MPI	  +	  mulA-‐threading	  
•  Geant4	  version	  10	  works	  with	  MPI.	  

–  Many	  nodes	  of	  many	  cores	  
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•  4 MPI processes with 2 cores each 
•  Each MPI process owns histogram 
•  Threads merge dose calculation in shared histogram 



Preliminary	  studies	  on	  TBB	  

•  Intel	  Threading	  Building	  Block	  is	  a	  library	  for	  task-‐based	  	  
mulA-‐threading	  code.	  Some	  LHC	  experiments	  show	  their	  interest	  
in	  the	  use	  of	  TBB	  in	  their	  frameworks.	  

•  We	  have	  verified	  that	  the	  G4MT	  can	  be	  used	  in	  a	  TBB-‐based	  applicaAon	  where	  	  	  	  	  
TBB-‐tasks	  are	  responsible	  for	  simulaAng	  events.	  

–  We	  didn’t	  need	  to	  modify	  any	  concrete	  G4MT	  class/method	  to	  adapt	  to	  TBB.	  

•  We	  provide	  an	  example	  in	  version	  10	  	  release	  to	  demonstrate	  the	  way	  of	  integraAng	  
TBB	  and	  G4MT.	  

•  We	  keep	  invesAgaAng	  where/how	  to	  reduce	  memory	  use.	  

–  We	  will	  keep	  communicaAng	  with	  our	  users	  to	  polish	  our	  top-‐level	  interfaces.	  
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User’s	  code	  migraAon	  

•  MigraAon	  of	  user’s	  code	  to	  Geant4	  version	  10	  should	  be	  fairly	  easy	  and	  straighlorward.	  
–  MigraAon	  guide	  is	  available.	  

•  G4MTRunManager	  collects	  run	  objects	  from	  worker	  threads	  and	  “reduces”.	  
–  Don’t	  accumulate	  values	  in	  user-‐acAon	  classes,	  but	  use	  run	  class.	  

•  If	  you	  are	  accumulaAng	  quanAAes	  in	  your	  tracking	  acAon	  or	  stepping	  acAon	  in	  
your	  current	  applicaAon,	  you	  should	  note	  that	  these	  acAon	  classes	  will	  be	  
thread-‐local.	  

–  Scores	  of	  built-‐in	  command-‐based	  scorers	  are	  automaAcally	  reduced.	  
•  Every	  file	  I/O	  for	  local	  thread	  is	  a	  challenge	  

–  Input	  :	  primary	  events	  :	  examples	  are	  offered	  in	  the	  migraAon	  guide.	  
–  Output	  :	  event-‐by-‐event	  hits,	  trajectories	  

•  Histograms	  
–  ROOT	  is	  thread-‐unsafe.	  Geant4	  analysis	  tool	  (ROOT-‐bound)	  is	  thread-‐safe.	  

•  It	  is	  always	  a	  good	  idea	  to	  clearly	  idenAfy	  which	  class	  objects	  are	  thread-‐local.	  
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SequenAal	  mode	  	  
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main()	  

G4RunManager	  

G4EventManager	  

G4TrackingManager	  

G4SteppingManager	  

G4Run	  

G4Event	  

G4Track	  

G4Step	  



MulA-‐threaded	  mode　	  
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main()	  

G4MTRunManager	   G4Run	  

G4WorkerRunManager	  

G4EventManager	  

G4TrackingManager	  

G4SteppingManager	  

G4Run	  

G4Event	  

G4Track	  

G4Step	  

G4WorkerRunManager	  

G4EventManager	  

G4TrackingManager	  

G4SteppingManager	  

G4Run	  

G4Event	  

G4Track	  

G4Step	  

G4WorkerRunManager	  

G4EventManager	  

G4TrackingManager	  

G4SteppingManager	  

G4Run	  

G4Event	  

G4Track	  

G4Step	  

Worker thread #0 Worker thread #1 Worker thread #2 

Master thread 



SequenAal	  mode	  
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main()	  

G4RunManager	  

G4EventManager	  

G4TrackingManager	  

G4SteppingManager	  

UserRunAcAon	  

UserEventAcAon	  

UserTrackingAcAon	  

UserSteppingAcAon	  

UserStackingAcAon	  

UserPrimaryGeneratorAcAon	  



G4WorkerRunManager	  

G4Event	  
Manager	  

G4TrackingManager	  

G4SteppingManager	  

UserRun	  
AcAon	  

UserEventAcAon	  

UserTrackingA
cAon	  

UserStepping	  
AcAon	  

UserPrimary	  
GeneratorAcAon	  

UserStackingAcAon	  

G4WorkerRunManager	  

G4Event	  
Manager	  

G4TrackingManager	  

G4SteppingManager	  

UserRun	  
AcAon	  

UserEventAcAon	  

UserTrackingA
cAon	  

UserStepping	  
AcAon	  

UserStackingAcAon	  

main()	  

G4MTRunManager	   UserRunAcAon	  

Worker thread #1 Worker thread #2 

Master thread 

G4WorkerRunManager	  

G4Event	  
Manager	  

G4TrackingManager	  

G4SteppingManager	  

UserRun	  
AcAon	  

UserEventAcAon	  

UserTrackingA
cAon	  

UserStepping	  
AcAon	  

UserStackingAcAon	  

Worker thread #0 

MulA-‐threaded	  mode	  

UserPrimary	  
GeneratorAcAon	  

UserPrimary	  
GeneratorAcAon	  
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Geometry	  updates	  –	  New	  solid	  library	  
•  An	  important	  effort	  was	  begun	  in	  the	  last	  couple	  of	  years	  to	  write	  a	  new	  solid	  library,	  

reviewing	  at	  the	  algorithmic	  level	  most	  of	  the	  primiAves	  and	  provides	  an	  enhanced,	  
opAmized	  and	  well-‐tested	  implementaAon	  to	  be	  shared	  among	  sonware	  packages.	  	  

•  In	  most	  cases	  considerable	  performance	  improvement	  was	  achieved.	  	  
–  For	  example,	  the	  Ame	  required	  to	  compute	  intersecAons	  with	  the	  tessellated	  solid	  

was	  dramaAcally	  reduced	  with	  the	  adopAon	  of	  spaAal	  parAAoning	  for	  composing	  
facets	  into	  a	  3D	  grid	  of	  voxels.	  

•  Such	  techniques	  allow	  speedup	  factors	  of	  a	  few	  thousand	  for	  relaAvely	  complex	  
structures	  having	  of	  order	  100k	  to	  millions	  of	  facets,	  which	  is	  typical	  for	  geometry	  
descripAons	  imported	  	  from	  CAD	  drawings.	  
–  Consequently,	  it	  is	  now	  possible	  to	  use	  tessellated	  geometries	  for	  tuning	  the	  

precision	  in	  simulaAon	  	  
by	  increasing	  the	  mesh	  	  
resoluAon,	  something	  	  
that	  was	  not	  possible	  	  
before.	  
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Geometry	  updates	  –	  New	  “mulA-‐union”	  solid	  
•  In	  addiAon	  to	  a	  full	  set	  of	  highly	  opAmized	  primiAves	  and	  a	  tessellated	  solid,	  the	  library	  

includes	  a	  new	  "mulA-‐union”	  structure	  implemenAng	  a	  composite	  set	  of	  many	  solids	  to	  
be	  placed	  in	  3D	  space.	  	  

•  This	  differs	  from	  the	  simple	  technique	  based	  on	  Boolean	  unions,	  with	  the	  aim	  of	  
providing	  excellent	  scalability	  on	  the	  number	  of	  consAtuent	  solids.	  

•  The	  mulA-‐union	  adopts	  a	  similar	  voxelizaAon	  technique	  to	  parAAon	  3D	  space,	  allowing	  
dramaAcally	  improved	  speed	  and	  scalability	  over	  the	  original	  implementaAon	  based	  on	  
Boolean	  unions.	  	  
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Highlights	  of	  other	  new	  features	  in	  Geant4	  version	  10	  (1)	  

•  EM	  physics	  
–  Studies	  and	  improvements	  in	  PAI	  models	  

•  ValidaAon	  studies	  done	  :	  G4PAIModel	  and	  G4PAIPhotonModel	  (based	  on	  
photoabsorpAon	  theory)	  provide	  be[er	  agreement	  with	  data	  than	  
G4UniversalFluctuaAons	  (parameterizaAon,	  default	  model)	  

•  Improved	  angular	  distribuAon	  of	  delta-‐electrons	  
–  Muon/hadron	  radiaAve	  processes	  

•  Max	  energy	  dependent	  opAmizaAon	  of	  2D	  physics	  tables,	  for	  accuracy	  vs.	  memory	  
size	  trade-‐off.	  

–  MulAple	  sca[ering	  models	  consolidaAon	  
•  Fix	  rare	  large	  unphysical	  sca[ering	  angles	  observed	  for	  small	  steps	  (ATLAS	  reported	  

this),	  for	  Urban93	  MSC	  model.	  Problem	  was	  due	  to	  parameterizaAon	  applied	  out	  of	  
validity	  range.	  

–  Built-‐in	  EM	  biasing	  
•  IntroducAon	  of	  brem-‐splirng	  opAon	  as	  built-‐in	  capability	  (ie,	  without	  the	  need	  for	  

changing	  the	  physics	  list).	  
–  OpAcal	  photon	  

•  Dichroic	  Mirror	  
•  OpAcal	  properAes	  in	  parallel	  worlds	  
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Highlights	  of	  other	  new	  features	  in	  Geant4	  version	  10	  (2)	  

•  Hadronic	  physics	  
–  IntroducAon	  of	  isomers:	  

•  metastable	  states,	  with	  lifeAme	  ≥	  1ns	  (user-‐tunable)	  
•  together	  with	  consistent	  evoluAon	  of	  

–  radioacAve	  decay	  :	  decay	  may	  end-‐up	  with	  excited	  nucleus	  
–  photon	  evaporaAon	  :	  to	  generate	  γ	  lines	  consistent	  with	  isomers	  
excitaAon	  energies	  ;	  if	  a	  fragment	  has	  lifeAme	  >	  1	  µs,	  (user-‐tunable),	  it	  is	  
tracked.	  

–  BerAni	  upgrade	  :	  New	  two-‐body	  angular	  distribuAons	  for	  gamma-‐N,	  pi-‐N	  and	  N-‐N	  
–  Nucleus-‐nucleus	  interacAons	  possible	  in	  

•  FTF	  :	  ion-‐ion	  interacAon	  introduced	  this	  year	  
–  From	  	  3~4	  GeV/A	  up	  to	  100	  GeV/A	  
–  Interfaced	  with	  Binary	  Cascade	  (for	  lower	  E)	  and	  PreCompound	  (even	  
lower	  E)	  

•  INCL++	  
–  Retuned	  at	  low	  E,	  improved	  cross-‐secAons	  for	  small	  clusters,	  validity	  
extended	  to	  10-‐15	  GeV	  
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Highlights	  of	  other	  new	  features	  in	  Geant4	  version	  10	  (4)	  

•  Hadronic	  physics	  (conAnued)	  
–  Muon	  capture	  

•  Improvements	  in	  decay-‐in-‐orbit,	  and	  cascades	  
–  Decommission	  of	  old	  GHEISHA-‐based	  LHEP	  models	  
–  DecomposiAon	  of	  CHIPS	  into	  granular	  modules	  and	  integraAon	  with	  other	  physics	  

models	  
•  Physics	  list	  

–  Decommission	  of	  obsolete	  or	  not-‐recommended	  physics	  lists.	  
–  Introducing	  “Physics	  Constructor”	  
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Highlights	  of	  other	  new	  features	  in	  Geant4	  version	  10	  (4)	  

•  Enhancements	  in	  biasing	  
–  Forced	  interacAon,	  forced	  free	  flight	  
–  Improved	  handling	  of	  track	  weight	  for	  tracks	  that	  are	  not	  interacAng	  
–  Improvements	  in	  usability	  

•  IntroducAon	  of	  MT	  generates	  special	  issues	  for	  what	  concerns	  user’s	  visualizaAon:	  
–  User	  –	  applicaAon	  interacAon	  has	  to	  be	  re-‐invented	  

•  Ie	  :	  if	  200	  threads,	  having	  200	  visualizaAon	  windows	  makes	  no	  sense	  !	  
–  At	  10.0	  in	  mulA-‐threaded	  mode,	  events	  could	  be	  drawn	  only	  aner	  the	  event	  loop.	  
–  We	  anAcipate	  innovaAve	  funcAonaliAes	  aner	  release	  10.0.	  

•  Qt	  driver	  :	  
–  Certainly	  the	  most	  powerful	  GUI/vis	  driver	  in	  Geant4	  

•  Advantage	  of	  being	  portable	  
–  Qt5	  !	  
–  Lot	  of	  funcAonaliAes	  developped,	  with	  tutorial	  at	  

•  h[p://geant4.in2p3.fr/spip.php?arAcle84&lang=en	  
•  New	  high-‐resoluAon	  transparent	  visualizaAon	  
•  We	  will	  drop	  GNUmake.	  Cmake	  will	  be	  the	  only	  supported	  installaAon	  build	  system.	  
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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) 
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e-‐/h	  propagaAon	  with	  Luke	  
phonon	  emission	  in	  Ge	  crystal	  	  
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Bent	  crystal	  as	  a	  collimator	  
•  Bent	  crystal	  can	  be	  used	  as	  a	  collimator	  to	  deflect	  parAcles	  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	  SynopAc	  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) 



Geant4 
 – the Future 

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!

M
em

or
y u

sa
ge

 (M
B)
!

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	  mulA-‐threading	  capability.	  
–  The	  world	  first	  large-‐scale	  physics	  sonware	  fully	  mulAthreaded	  

•  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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Sonware	  quality	  assurance	  (h[p://code.google.com/p/gooda/)	  
•  SLAC	  is	  working	  with	  Google	  on	  performance	  measurements	  of	  Geant4-‐based	  

applicaAon	  using	  Gooda	  tool,	  a	  PMU-‐based	  event	  data	  analysis	  package.	  	  
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Code	  opAmizaAon	  for	  both	  CPU	  and	  coprocessor	  
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Code	  opAmizaAon	  for	  both	  CPU	  and	  coprocessor	  
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Code	  opAmizaAon	  for	  both	  CPU	  and	  coprocessor	  
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Code	  opAmizaAon	  for	  both	  CPU	  and	  coprocessor	  
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New	  physics	  –	  new	  opportuniAes	  

•  Neutrino	  interacAons	  
–  Should	  come	  with	  enriched	  event	  biasing	  opAons	  

•  Electron/hole	  drin	  in	  semiconductor	  
•  More	  phonon	  physics	  
•  Channeling	  effects	  
•  Physics	  with	  crystal	  structure	  in	  general	  

–  X-‐ray	  diffracAon	  
•  Single	  atom	  irradiaAon	  
•  Target	  material	  polarizaAon	  
•  Chemical	  reacAons	  of	  radicals	  in	  DNA-‐scale	  
•  New	  domains	  ?	  

•  Note	  :	  Geant4	  kernel	  is	  robust	  enough	  over	  20	  years	  of	  evoluAon.	  This	  stability	  
enables	  risk-‐free	  extensions	  to	  new	  physics.	  
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Investment	  for	  the	  future	  	  
–	  Low	  energy	  EM	  physics	  ported	  to	  GPU	  	  

Observed GPU speed up over a 
single-thread CPU: ~40x 

Primary Phantom Time/History	  	  
CPU	  (sec) 

Time/History	  	  
GPU	  (sec) CPU/GPU 

20	  MeV	  electron Water 1.06E-‐03 2.52E-‐05 42.1	   
20	  MeV	  electron	  (e-‐spread) Lung 1.20E-‐03 2.67E-‐05 44.9 
20	  MeV	  electron	  (e-‐spread) Bone 9.76E-‐4 2.54E-‐05 38.4 

6	  MeV	  photon Water 4.47E-‐04 1.12E-‐05 39.9	   
6	  MV	  photon	  (e-‐spread) Lung 3.52E-‐04 9.16E-‐06 38.4	   
6	  MV	  photon	  (e-‐spread) Bone 3.59E-‐04 9.00E-‐06 39.9	   
18	  MV	  photon	  (e-‐spread) Lung 4.05E-‐04 1.12E-‐05 36.2 
18	  MV	  photon	  (e-‐spread) Bone 4.29E-‐04 1.17E-‐05 36.7 

Left: Irradiation of 50 million 6 MeV 
monochromatic photons calculated by 
GPGPU (not for real treatment use, 
demonstration purposes only !) 

Collaboration of SLAC, Stanford ICME 
and KEK with support of NVIDIA 
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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. 

•  This year is the 20th year anniversary of Geant4. 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. 
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