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Motivation

Space radiation detectors can be rather complex:
 Complicated geometries
e Several materials

e CAD format

Difficult to implement via Geant4 C++ geometry classes:
* Great number of volumes

L s .\ Very
* Volumes with different complexitie

Time

Subject Consuming

CADMesh: 12 UL
 CAD model interface to Geant4 SHror
e Imports STL and PLY files (Mesh formats)
* Exports to GDML
* Requires additional steps
* Open-Source




Motivation — RADEM

Hard Electron Monitor for the JUICE Mission W [
DD |

RADEM - Radiation
ESA Contract Ei"’ PAUL SCHERRER INSTITUT g
OEI‘acec :__?4_!“ BE deas

integrated Detector Efectronics AS

Main Objectives
. Ensure mission safety
. Provide valuable scientific data

Requirements:
e Electron detector
o Spectral range 300 keV — 40 MeV
o Peak Flux 10° e/cm?/s
* Proton Detector
o Spectral range 5 MeV- 250 MeV
o Peak Flux 10° e/cm?/s
* Particle Separation
o From Helium to Oxygen
* Dose determination
* Weight: 1kg
4 + Power:1W




Motivation — MFS

MFS - MultiFunctional Spectrometer aboard AlphaSat in GEO
ESA contract oefacec E’i!ﬁil
L 1P

Requirements:

* Electron energies
o Spectral range 350 keV — 7 MeV
o 20% resolution

* Proton energies
o Spectral range 1 MeV — 200 MeV
o 10% resolution

e Alpha particle energies
o Spectral range 5 MeV — 100 MeV
o 20% resolution

 Weight: <3kg

* Power: <5W
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MOtivation Radiation Analysis for TID, TNID and SEE in EEE

components requires a more detailed model
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RADEM G4
Preliminary Model

CSG Solids

RADEM
GDML Model




CAD-to-GDML

CAD File (STEP) »| FreeCAD » CADMesh " GDMIL |—— Geant4
v
Separate by material " — Material Definition
and/or component Convertion from Bash file iy
. . Sensitive Detectors
Export to .stl .stl to .gdml manipulation Ftc

https://github.com/christopherpoole/CADMesh
http://assimp.sourceforge.net/

Conversion Summary:

O 4 stages O 3 plataforms [ Apparent unlimited complexity
= STEPto STL = FreeCAD =  Memory limitations
= STLto GDML = CADMesh
=  GDML Manipulation = Geantd

=  Geant4 Implementation l

7 | Open Source |



https://github.com/christopherpoole/CADMesh
http://assimp.sourceforge.net/
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FreeCAD©O v0.13 r.1828:

O General purpose 3D CAD modeler
O Open-source

O Imports CAD formats (STEP)

O Exports Mesh formats (STL, PLY)
O Supports Python

.

Loop through volumes and
manage them individually

mmmmmmmmmm
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https://www.freecadweb.org/wiki/About FreeCAD

STL (STereolLithography) — Mesh format

CAD Model
— STL Model

Describes solids as series of
triangles adjacent to each
other enclosing the full

Separate by Material:
Bigger Structures
Less Overlaps

Less Flexibility

Separate by Component:
Smaller Structures

More Overlaps

Larger Flexibility
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volume

Meshing Parameters:
Tolerance = 0.10




STEP-to-STL (2)

Separation by Material - not intended for analysis Separation by Component- TID Analysis

/

A — Full component with vibration space
B — Component Box

C — Component Body + Dye

D — Component Dye (Sensitive Detector)

Lookup Table
Solid name - Material
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STL-to-GDML (1)

<?zml wersion="1.0" encoding="UTF-B8" standalons="no" ?>
=gdml. xmlns:xsi=*http: f fwew . w3, org/ 2001 /XML Schema-1nstance® ¥sinolamespaceSchemal ocation="http:f/service-spi.w
Jodml . xsd* =

=define= =

name="5ill.stl_wO* " x="-132.65535736084" y="564. 4800670637605 " - 33. 5724563560633 /- Ve rtex
name="S111.stl_wl* " x=F-132.5657167053223" * 64. BOGOOT755R5530" ¥ - 33.5521 9268706883 /=
33. 5724563508633 />

name="5111.stl_w2* " x="-132.85535736084" 54, BOSGGT 5585538 .. e
e - position

name="5111.stl w3 unit="mm* x=*-132.S57167053223 f 64, ARSSOTREITEESY =
CADMesh v1.0: T
. on name="Sill.st]l_w&* unit="mm* x=*-132.BA5433BGEG26" y="64.ARSOGTEEITEESY =" - 33.6I276RADZ0606% - def|n|t|0n
[ A CAD interface for Geant4
O Open-source 1 | Materials
@ Imports Mesh formats (STL, PLY) . (optional
= ASSIMP -
O Exports to GDML e
. * <triangular vertexl="Sill.stl_v4' vertex2=
= Example available

lated aunit="deg" lumit="mm"

A 4

#5ill.5t]_v2' vertexd=

"Sil1.st1_v5* /> Tria ngles
2 _ | Definition

<trizngular vertexl="Sill.stl v2050" vertex2=*Sill.stl w2051* vertex3="Sill.stl_wlo2ge /-

t:{ I:: ':E':a:l:‘sill.:tl::mSE" =: . :-S:Ll.zt'L::ng' ':E'te:;‘-:'sl'l:ll.:::l::lml' (Vertex)

<triangular vertexl="Sill.stl w1" wertex2="Sill.stl_v2053" wertex3="Sill.stl v1031*/=
<triangular vertexl="Sill.stl _v3' vertex2="Sill.stl v2054" vertex3="Sill.stl_vl"/=

</tessellated>
<box lunit="mm* name="world_solid@x12a5760" x="1000" y="1000" z="'1000"/= —
<fsolids>
--\:T__-u-'.-_-"d-rez'cad_loglcalelthbe' - =
<materialref ref="G4_WATERGx12a0f 70" /-
<solidref ref="Sill.stloxl2b2efo"

name="world_legicaloxl2asb20" >
1alref ref="G4 ATROx128Ba70" /=
ref ref="world_solidexl2as7ea" /-
name="cad physicaloxl2b1730" =

ref="cad_logical@xi2blfbe" /= - = Structu re

umeare
ation name="cad physicaloxl2bl730 rot" unit="deg" x="Q" y="0Q" z="90"/
15

*https://github.com/christopherpoole/CADMesh efieluees
http://assimp.sourceforge.net/ LT Ter—rvorla LogicalorT2s520"

</selup>
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https://github.com/christopherpoole/CADMesh
http://assimp.sourceforge.net/

STL-to-GDML (2)

=?xml wersion="1.0" encoding="UTF-B" standalone="no® 7>
<gdml. xmlns:xsi=*http: ffwww.w3. org/ 2001 /XML Schema-1nstance® xs1:noblamespaceSchemalocation="http:ffservice-spi.w
Jodml . xsd* =

n name="Sill.stl_w@' unit="mm" x="-132.65535735084" y="54.4B090706376595" =
name="S111.stl_wl* unit=*mm* x=*-132.S57167063223" y="G4.B0000755850384
name="Sill.stl_v2" unit="mm" x="-132.85535735084" y R
name="5111.s5t]l_w3"' unit="mm" =="-132.S57167053223" z=*-33.552]1 926675683 / = - pos Itlo n

] unit="mm* x=*-132.752815245582" * 64. 4850978637605 =" - 33.5050R02272048° /=

nit="mm" x="-132.752815245582" ' G4, BOOOGTS5E5038Y =" - 33, 5000802272540 /=~ . ..
1t="mm* x=*-132.840433858026" y="64.4B0007B637605" =" -33.62276840200906" /= d efl n It I O n

=" .33.5724563508633" /> Ve rteX

=F . 33. 5521926879683 /=
* - 33, 5724563568633" /=

64, BOSSS7 5585538
* 64. ABGSA7B637695"

CADMesh v1.0:
[ A CAD interface for Geant4

O Open-source - T
aterials
O Imports Mesh formats (STL, PLY) — tional
. (optiona
O Exports to GDML > - P
—
c s —:-1'2-"51{1,5t]]:_v2:- -
i vertorat ST ot var vartesmtSill. sl VSt /o Triangles
_ | Definition
Al ezl s sl e sl e (Vertex)
gular vertexl="Sill.stl_wl" wvertex2="Sill.stl_v2053" vertex3="Sill.stl_wv1031" /=
vertexl="Sill.stl_v3' vertex2="Sill.stl_v2054" vertex3=*"Sill.stl_wl" /=
I name="world_solidox12a5760" x="1000" y="1000" =z="1000"/= —
.;|...-|:-'l-._-"d1e='cad_loglcalelthfb . m

=materialref ref="G4_WATEROx12a0f 78§/ =
ref ref="Sall.stleéxl2b20fo"

Still needs some

< ;,'._u'—_ name="world_logicalox12asb20" =

H <materialref ref=" WL
Internal Cha nge ,:__Irre;er:::Ef;éfﬁzggﬁa" .
<physvol name="cad physicalox12b1730" >

_ | Structure

=volumeref ref="cad logicalOxl2blfbo"
<rotation name="cad_physicalOx12b173

f rot" unit="deg" x="@" y="0" z="50"/

o name="Default" version="1.Qg
cef="world_logicalox ]l
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GDML manipulation

elxml version="1.0" encoding="UTF-B8" standalone="no" 7>
gdml =xmlns:xsi="http:/ fwww.w3.org/ 2001/ XMLSchema-instance® xs1:noMamespaceSchemalocation="http://service-s
fgdml.xsd" =

Qg %

define=

1tieon name="Sill vO"
1 name="5i1l_wl"

x=" - 132. 65535735064
x="- 132, 557167053223
x="- 132, G5535736084"
x="-132. 5571670532=3"
x=" - 132. 75Z8152465682"

y=" 64 . 4899978537 595"

=" 54 . 809095755855938"

y=" 64, 8000075585038"
y=" 64 . 4890978537 605"
y=" 64 . 48909578537 655"

z=" - 33. 5724563598633" />

=" - 33. 5521026587 0BE3"

" -33.5521926879663"
- 33. 585065227 2045"

" -33.5724563508633" />

Ry

EEEEE

unyt=" x="- 132, 7T52B15246582% y="64.B8000075585038" z="-33.5050B02272045"

<yo Lume ."-:I'.'h':'='51.|.1'

=smaterialref ref="G4 WATEROx1Zaef70",
A <solidref ref="5illex13coofo",
LU -
t ta:IIEI_"it='deg" lunzt="mm* name=*51110x13cOBfO" = S SLructurgs

r vertexl="5111 v0* vertex2=*5111 wvl*
="5111 wO"

rtex3="5111 va* /=
tex3="5i11_wv1" /=

<t '5i11 va" Si11 v5" /= ztup name="Default" version="1.0"
<tr S111_wa S111_w3* )= o i s _r 5 -
tr vertexl="5ill_w&" Sill_wE* /= WUl LR af= 51-1-1
<triangular vertexl="Sill_w&" 5111 _wvg" /= - U
L
L
L
vertaxl="5111 v2045" vertex2="Sill_v2045" vertexg€'Sill_wl026"
vertexl="Sill_ w2047 ver S1ll_w2048" vertpf3='S111_v1026"
vertexl="5i11_v2049" wver Sil1_vlo2s" wegfe 5111_wlozg"
vertexl="5i11 w2850 ver Sill_v2051" yfrt S111_wloz2g"
vertaxl="5111 v2852" vertex2="Sill_v1020)/vertex3="51i11_v»1031"
jertexl="Sill wl" wvertex2="S111_w2053" Mertex3="5111 v1831" />
vertexl="5ill v3" vertex2="S1l1_ w205 vertex3="5111 v1*

" name="world solidowl13b3760" x= 000" y="1000" z='1000"

nama="S111" =
=materialraf ref="G4_WATEREx13aefre" /=
ref="51118x13co0fe" /=

One file per
material/component

<setup name="Default" version="1.0"=
=world ref="Gal1"/>

12 </gdnl>




Geant4 Integration (1)

<?xml version="1.0" E"lC:ld'_"lq='L.|'ﬁ-E" 7> I
|-:-|'_| dml xmlns:gdml="../schema® xmlns:xsi="http:/ /www.w3.0rg/20
. -_-.,I'j.q t name="HALFPI" value="pi/2."/= i
Requirements: oonatant namestPI" valusetept o
<constant name="TWOPI" value="2.%*p1"/=
d Geant4 compilation with gdml option o tation nom—tidortitys xt0F yetor zovbh/s Ootional
<rotation name="alignSurfX" y="HALFPI" /= L ptiona
(4.10.01_p02) <rotation name="alignSurfY" x="HALFPI" />
</define>
d Multiple gdml files aaterialss
-
d mother.gdml > . —
<solids> World
<box name="WorldBox" x="1.0" y="1.0" z="1.0" lumt="m"/= L .
' Solid
.J-_-“d World
<volume name="World"=> — V I
<materialref ref="Alr" /= olume
. =SoL1drel ef=" 1d "= =
Provides World Volume e
and a” ':l le r*anc—"gdmljﬁll_l gdml® /=
<positionref ref="center®/> .
.gdml volumes srotationref ref=tidentity"/> L Physical
. Volumes
-
| ~—] ?'F
Dt el <l 1]




Geant4 Integration (2)

DetectorConstruction.cc
#include “G4GDMLParser.hh”

Parser.Read(“mother.gdml”, false);
G4VPhysicalVolume* W = parser.GetWorldVolume();
G4LlogicalVolume* W_log = W->GetlLogicalVolume();
W _log->SetMaterial(Vacuum);

> \World

Cycle through W_log daughters:
G4VPhysicalVolume* daughter = W_log->GetDaughterl(i];
G4LogicalVolume* daughter_log = daughter->GetLogicalVolume;
daughter->CheckOverlaps();

string daughter_name = daughter->GetName; Material
daughter_log->SetMaterial(daughter_material) Sensitive Detector
CopyNumber

daughter_log->SetSensitiveDetector(SD); et
C...
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Geant4 Integration (3)

DetectorConstruction.cc
#include “G4GDMLParser.hh”

There are overlaps!

Parser.Read(“mother.gdml”, false);
G4VPhysicalVolume* W = parser.GetWorldVolume();
G4LlogicalVolume* W_log = W->GetlLogicalVolume();
W _log->SetMaterial(Vacuum);

Probability

Managable
by
G4Navigator

Cycle through W_log daughters:
G4VPhysicalVolume* daughter = \W~ log->GetDaughterl(i];
G4LogicalVolume* daughter-1og = daughter->GetLogicalVolume;
daughter-gCheckOverlaps();

string daughter_name = daughter->GetName; Material
daughter_log->SetMaterial(daughter_material) Sensitive Detector
CopyNumber

daughter_log->SetSensitiveDetector(SD); et
C...

15



RADEM GDML Model

[ 152 independent volumes
= >20 materials/densities
[ 137 sensitive volumes
= 2x44 EEE components
= 49 Silicon detectors
d Radiation Analysis:
= Total lonizing Dose (TID)
= |terations with additional mass
= Displacement Damage (DD)
= Single Event Effects (SEE)
 Detector response:
= On-going

16
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Case Study 1 — RADEM (2)

Electron TID for the entire JUICE mission (kRad)

ASIC #1 683+13 18511 111+1
ASIC #2 78715 726133 14411
ASIC #3 734+11 18210 1361

» Preliminary Model: CSG Volumes, naive EEE component modeling
» First iterations allowed to improve the CAD model

* |ncreased wall and bottom thickness
» Subsequent results aimed at local shielding

= To be implemented in the CAD model

Preliminary
Model

ASIC#1

90°«

i
I

e

5

180°

ASIC#3

N\
ASIC #2

»90°
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CAD and Geant4 complement each other




MFS GDML Model MFS G4 Preliminary Model

@ @) Cner= = |

e el s )
1 [ 1R I 1Y LY
. o ‘ FPDO(E:?TB Me\/) ‘ FPDO(E:94.9 Me\/)
1 21 independent volumes “ .
= >11 Material/densities '

[ 11 sensitive volumes
= Silicon detectors

3 Response Functions ‘ h

1x107* ! ! ! | | |
01-Jan—2014 04-Jan—2014 08—Jan—2014 12—Jan—2014 15—-Jan—2014 01—Jan—2014 04—Jan—2014 08—Jan—2014 12—-Jan—2014 15-Jan—2014

18 SEP Protons in GEO measured with ESA MultiFunctional Spectrometer, L. Arruda et al, RADECS 2016

0 3
X107 ‘ " IREM/SVD uhfolded flux  J
[ B MFS/ANN unfolded flux ]

FPOO[1,/(cm? MeV str s)]




v’ A procedure to convert CAD files into GDML
was successfuly developed

v’ Two different radiation monitors are already
simulated with G4 this process: RADEM and
MFS

v Works well together with G4 classes
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Conclusions/Future Developments

» Additional control over the tessellation
process is under study in order to
improve the overlap issues

» Further comparison between CAD
converted solids and equivalent G4

coded solids is also under way

» Development of an open-source tool to
convert CAD/STEP files with minimal user

interaction
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Thank you !!!
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