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Introduction

Motivation

= To incorporate all features of PENELOPE code into a Geant4 application.

= This involves not only physics models (present in G4EmPenelopePhysics physics list),
but also:

= Class-ll transport algorithm.
= Materials from PENELOPE database.

Disclaimer

= This work is not part of the Geant4 Collaboration activities.

= This code interface, called PenG4, is not planned to be incorporated into the
Geant4 official repository, as it uses a different particle tracking approach.
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PenG4 in a nutshell

= Penelope is a Fortran code system to perform Monte Carlo simulation of coupled
electron-photon transport (50 eV to ~1 GeV) in arbitrary materials. Implements
reliable interaction models and gives results in good agreement with experimental
data.

= PenG4 is a translation of the latest Penelope-2018 physics routines to C++,
designed to be used with the Geant4 toolkit with multithreading (MT) capabilities.

= |t runs both pure Penelope mode and hybrid mode where Geant4 EM physics is
used for higher energy region.

= Current implementation incorporates class-II transport algorithm and all Penelope-
2018 physics and for e-/e+ and photon interactions with matter.

MORE INFO: M. Asai et al., Frontiers in Physics 9: 73835 (2021)

[doi: 10.3389/fphy.2021.738735]
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https://doi.org/10.3389/fphy.2021.738735

PenG4 public repository

Miguel A. Cortes-Giraldo > PenG4

PenG4 &

Project ID: 48677145 (3

itlab.com/miancortes/PenG4

-0-7 Commits ¥ 4 Branches ¢’ 4 Tags K 55.2MiB Project Storage ¥ 4 Releases

Yr Star | 0

Public repository of the project PenG4, an interface code to work with the original Penelope radiation transport code within a Geant4 concrete application.

Please take a look at our Reference paper for further details. (If you use this software, we appreciate you cite it)

Please find our latest release here. Older releases, starting from version 10.6 of the Geant4 toolkit, are accessible at our Releases page.
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Charged-particle tracking approaches
in Monte Carlo simulations 5

Detailed (analogue) simulation (interaction by interaction),
= Nominally exact.
= Doable only for low energies or very small (or thin) media.

Class | (condensed) simulation (complete grouping),
= Works for high energies and/or thick media.
= Difficulties to describe interface crossings (requires switching to detailed simulation
near interfaces).

Class Il (mixed) simulation,
= Hard events are described "exactly" from their (restricted) DCSs.
= Flexible (from detailed to class I).
= Slow when cut-offs are too small.

PENELOPE and PENH use strict class-ll simulation.
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The random hinge method

= To determine the space displacement after a step (and the position of the next
“hard” interaction) we use the following algorithm:

Sample the length s of the step to the next hard interaction.
Sample the soft energy loss W5 along the step.
Move the electron a random distance 7 < s.

Sample the deflection angle 6. due to soft elastic and inelastic collisions and change
the direction of motion.

5. Move the electron the remaining distance s —

il

The energy W5 may be deposited either at the hinge or uniformly along the step (i.e. as in
CSDA) with stopping power S¢ = Ws/s.
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PenG4 - Penelope and Geant4 physics

Kinetic energy

Above E_..,, regular Geant4 physics and particles

(“e-", “e+”, “gamma’”) are used.

Emax. Max value to build Penelope physics tables

Here, Penelope physics could be used (tables are available),
however regular Geant4 physics and particles are used for tracking
above Ey,

E¢nr Physics implemented in Penelope C++ translations are used below this value

Particles falling below this threshold are converted into “Penelope”

L1

particles: “pe-", “pe+”, “pgamma”. (PenPartConvertProcess)

“Penelope” particles are tracked according to Penelope physics

implementation (PenEMProcess)
0 \I PenelopeEMPhysics constructor
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Pure Penelope mode

viewer-0 (OpenGLIimmediateX)

= 1 MeV electrons in water
(10 primaries)
= Purple: e ("pe-")
= Yellow: y ("pgamma”)

= Penelope EM physics covers
from ~1 GeV down to 50 eV.

St
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Hybrid mode

viewer-0 (OpenGLImmediateX)

= 1 MeV electrons in water
= Red: e with G4 physics (“e-")
= Purple: e with Penelope
physics (“‘pe-")
= Yellow: y with Penelope
physics (‘pgamma”)

= Penelope EM physics takes
over from a certain energy
(500 keV was set here) down
to 50 eV.

= Higher energy particles are
taken care by the Geant4
physics (G4EmStandard was
used here).
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Code Verification Results
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1 MeV e- pencil beam on Cu
r=1cm
t, =4.25x 10 cm

Ey. =1 MeV
C1=C2=0.05

Wee = Wer =1 keV

Eabs[1] = Eabs[3] = 10 keV
Eabs[2] = 1 keV

smax =2 x 10° cm
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Code Verification Results
Production of gammas
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Code Verification Results
Positron beam 12
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Code Verification Results

Gamma beam 13
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Cod

e Verification Results

Dose Point Kernels
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= emstandard_opt4
¢ PENG4
e EGSnrc

= emstandard_opt4
¢+ PENG4
e EGSnrc
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Concluding Remarks

15

= WWe have translated the Penelope physics and tracking subroutines to
C++ and organized them to be accessible from Geant4 as an additional
physics package.

= PenG4 permits carrying out Geant4 simulations fully equivalent to the
original Penelope code, including class-II tracking algorithm.

= Capabilities of the Geant4 code are thus available for Penelope simulations:
multi-thread execution,

geometry modeling... PenG4 V111
= PenG4 source code is available at oo
https://gitlab.com/miancortes/PenG4 > Eiiiiiiiiﬁ o) &
Source code (tar) oy

Other
& Geantd-11.1.3 4

Tag message

MORE INFO: M. Asai et al., Frontiers in Physics 9: 73835 (2021) Pen(4 version compiled with Geantd Vi1 series.
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Role/effect of the simulation parameters

= Step-length control (for each material):
C, limits the average angular deflection per step: 1 — (cos 8) < C;
C, limits the average fractional energy loss per step: (E, — E) < C,E|

= Energy-straggling control (for each material):
Wee energy-loss threshold (eV) for hard inelastic collisions
Wer energy-loss threshold (eV) for hard bremsstrahlung events

= Geometrical constraints (local):

Smax Maximum step length for “critical” geometries (thin bodies, backscattering...)

Reasonable “blind” choices:

C; and C,:0.051t00.1; Wee and Wep: ~1000 eV
Smax - 1/101 of the minimal thickness.
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Using PenG4 with a Geant4 application

19

= PenG4 main components:
= pendbase directory (available from Penelope source code).
= (C++ translation of Penelope routines and wrapper classes (penGé4include & penG4src).

= PenelopeEMPhysics: Physics constructor; can be registered to a modular physics list.

= Defines “Penelope” particles (PenElectron, PenPositron, PenGamma).
= Registers two processes:
= PenEmProcess: wraps all Penelope physics.

= PenPartConvertProcess: converts “Geant4” particles into “Penelope” particles when its
kin. energy becomes < E'}y.

= Penelope materials must be registered in DetectorConstruction linked to
corresponding regular Geant4 materials.

= Here is where usual Penelope transport parameters must be set:
C1, C2, Wee, Wer, Eabs[1-3], smax.
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