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Motivations

® Monte Carlo codes as Geant4 are accurate but very computing time consuming
® Need of biasing methods or approximations to speed up these codes
® Reverse Monte Carlo is one of these biasing methods

® The Reverse Monte Carlo method has been
implemented in Geant4 and GRAS

Reverse MC in Geantd and GRAS 7" G4 Space Use Workshop, 18/20-08-2010, Seattle




Reverse Monte Carlo method

Forward MC Mode Adjoint/Reverse MC Mode

* Start from the sensitive region and compute reverse
tracks till the external source
* Start from the external source
L . Com#uting time focuses mainly on tracks
* Wasted Computing time for tracks that reach the sensitive region
that do not reach the sensitive region
*  Much more rapid than forward MC for example to

compute e-dose In tiny electronic components

* But tricky while all the physics (cross section, kinematic,..,
need to be reversed!!!



RMC method is available in Geant4 since
the version G4.9.3

® Base adjoint classes and reverse
processes distributed in the G4 toolkit

® Extended/biasing G4 example
to illustrate the use of the RMC
method in Geant4

® Documentation in the G4 user guide
for application developer

*Publication in NIMA
Desorgher et al., 2010
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3.7.3. Adjoint/Reverse Monte Carlo

Another powerful biasing technique available in Geant4 is the Reverse Monte Carlo (RMC) method, also known
as the Adjoint Monte Carlo method. In this method particles are generated on the external boundary of the
sensitive part of the geometry and then are tracked backward in the geometry till they reach the external source
surface, or exceed an energy threshold. By this way the computing time is focused only on particle tracks that are
contributing to the tallies. The RMC method is much rapid than the Forward MC method when the sensitive part
of the geometry is small compared to the rest of the geometry and to the external source, that has to be extensive
and not beam like. At the moment the BMC method is implemented in Geant4 only for some electromagnetic
processes (see Section 3.7.3.1.3) An example illustrating the use of the Reverse MC method in Geantd is
distributed within the Geant4 toolkit in @xamples/extended/biasing/ReverseMC01.

3.7.3.1. Treatment of the Reverse MC method in Geantd4
Different G4Adjoint classes have been implemented into the Geant4 toolkit in order to run an adjoint/reverse
simulation in a Geant4 application. This implementation is illustrated in Figure 3.3. An adjoint run is divided in a

serie of alternative adjoint and forward tracking of adjoint and normal particles. One Geant4 event treats one of
this tracking phase.

Reverse Tracking of adjoint

particles from the Forward Tracking of normal
Boundary of the sensifive particles trough the
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A reverse/adjoint run in Geant4
is a succession of reverse and forward trackings

Backward Tracking from the
Boundary of the sensitive region
to the External source Forward Tracking
trough the sensitive region.

External boundary o
the region with sensitiv
components

External
source
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How to update a G4 application to use the
P Reverse M’C)?p method

® Create an instance of G4AdjointSimManager in the main code

® Add adjoint particles and adjoint processes in the physics list
*See physics list in extended G4 example biasing/ReverseMCO01

*Normalisation of tallies computed in the forward phase
*Weight of the last adjoint track computed by the G4 adjoint machinery
w = theAdjointSimManager->GetWeightAtEndOfLastAdjoin Track()

*tallies computed by your code during the forward phase
T

Differential, directional primary flux
f

«Normalised tallies for response functions to register vs primary e, direction, ...

Rm= w. T
Normalisation of tallies to external flux
T =wT.f

norm

For more informations look at the
advanced G4 example biasing/ReverseMCO01



Geant4 example extended/biasing/ReverseMC1

Spherical Al shielding
Radius 10 cm
User defined

Thickness

Tantalum plates

0.5mm Thick

Energ)V deposited
In Small Si Sensitive
Cylinder
With variable size

External Spherical source
Radius 10 cm
Primary Particles e-, and proton

® Comparisons forward and reverse computations

® |llustrates what changes are needed in a G4 application to use the
Reverse MC mode

® |Introduce the use of few new G4 macro commands relative to adjoint
simulation



Combarison Reverse and Forward MC simulation
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Comparison Reverse and Forward MC simulation

Rejsultls VS time

30
60
40

20

-&Edep [?'/o]

—20 1

~ —— Forward MC 1.94e-02 MeV |

— Adjoint MC 2.10e-02 MeV

—40

100

10t 10*  10° 10" 10°
computing time [s]

W03

nb protons
ot
[}
-

—_
=
T

Proton fluence

10°1

Erin [MeV]

Energy deposited

Ede;: [M eV]

10t 102

E, primary proton [MeV]

103

=1

Electron fluence

-EA:T:TE. [M e V]

1073 1072 1071

100

Primary source

® Protons
®[0.1keV, 200MeV

® spectrum E7

0-08-2010, Seattle




GRAS and Reverse MC

® GRAS- Geant4 Radiation Analysis for Space
® GRAS Simplifies the access of Geant4 for space radiation analysis
® Availability of analyse modules for common radiation analysis

*GRAS has been updated to use the Reverse MC mode available in
Geant4

Reverse MC in Geantd and GRAS 7" G4 Space Use Workshop, 18/20-08-2010, Seattle




Main functionalities of GRAS Reverse MC are
the same than in GRAS forward

Same geometry definition
GDML, C++, Mulassis

Gamma fluence

Same definition of analysis modules
TID, particle spectra, LET, NIEL ...

Common Output format
Scalars and 1D Histo in CSV and ROOT

LET Spectrum on the sensitive volume
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New fonctionalities of GRAS RMC
compare to GRAS forward

Direct normalisation to # primary spectra

exponential, power law, histograms

Convergence of simulation results

File registering the computed energy deposited

with precision in function of computing time
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Test of GRAS/RMC with part of the
ESA SREM Detector

Silicium diodes surrounded
by Al and Ta shielding

In this example we compute
the dose in the top diode
the flux of secondaries

on the top diode




Comparison Reverse and Forward MC simulation
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Comparison Reverse and Forward MC simulation
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Conclusions and Future work

® The Reverse MC method is available in Geant4 since the 9.3 release

® GRAS has been updated to use the G4 RMC mode. It will be vailable
with the next GRAS release.

® The following reverse processes have been considered
lonisation and multiple scattering for e- , protons an ions

* Bremsstrahlung, Compton and photo-electric effects for e-

® The reverse MC method reaches precise
results much more rapidly than the forward MC method

® The maximal discrepancy between the RMC
and forward computed total dose is ~ 10-20 %

® Improvement of the bremstrahlung and multiple scattering
Is under investigation to decrease the discrepancies

* Implementation of point-like detector concept is under development



More informations?

*Documentation in the G4 user guide for application developer. Section 3.7
http://geant4.web.cern.ch/geant4/UserDocumentation/UsersGuides/ForApplicationDeveloper/html/

*G4 example extended/biasing/ReverseMCO01.

*Publication
Implementation of the reverse/adjoint Monte Carlo method into Geant4,
L. Desorgher,F. Lei, and G. Santin, NIMA, 621, 1-3, p.247-257
doi:10.1016/j.nima.2010.06.001

*Feedback and questions to desorgher@spaceit.ch
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