AXINT SAS :

AXINT2MCNP for MCNP file creation
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ABOUT AXINT :

- AXINT is a spinoff from Lyon 1 University, LPCML laboratory.

-Axint was created in 2007.

-Main activity : Radiation detectors, mainly based on SiPM photodetectors.

-We propose also MCNP6/CAD radiation transport simulation studies.

-AXINT develops standart products for markets, and custom products for specific

applications.
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Required :

-Install Rhinoceros5 on the computer (evaluation version is enough). The
software has NOT been tested with rhino 6 beta.

-Install grasshopper : hitp://www.grasshopper3d.com/

-HaveMCNP®6.1 or earlier installed.
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STEP 1: INSTALLATION OF AXINT_INP_WRITER

-Open Rhino, type the « grasshopper » command

Sans titre - Rhinoceros 5.0 Commercial -

Fichier Edition Wue Courbe Surface Solide Maillage Cote Transformer OQutils Analyse Rendu |
Chargement de Rendu de Rhing, version 1.50, Feb 3 2015, 16:40:47

Commande: Grasshopper

Standard |E‘gﬁ?jﬁEEE:DBW'DDBFSM“QS Slectionner | Disposition des fenétres | Visibilité | Transformer /O
L GrasshopperFolders = ® a0 e e ol . eg
D B' EGE&ShDDDEI’GE‘tSDKDOCUm&FﬁEﬁDI‘I ] = p ’C’ ¢ )“') pAEE‘ 4 d;‘ gt @4
GrasshopperDpen
& L GrasshopperlUnloadPlugin
[+]
D_{,‘ CopierDansPressePapiers
A Capturerue DansPressePapiers
d'r “—"'ll
= - CapturerEcranVersPressePapiers
@ (:E) Grouper
'h; 4 | CopierFenétreRenduDansPressepapiers
A
A
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STEP 1: INSTALLATION OF AXINT_INP_WRITER

Grashopper will load, then : Files = special folders - components folder

-

—— =
Grasshopper - Mo document.., ‘

_FIF| Edit  View Display Sclution Help

| | Mew Document Ctr+N urface Mesh  Intersect  Tr

Eeas
o @8 i

Open Document . Cird+0

Recent Files 3

=l Save Documert Cirl+5

Ciri+Maj+5

Save Backup Ciri+Alt=5
T N the carvas,
Export Quick Image... Cil+Maj=0
1ew comporient
"8 Exort Hi-Fes Image e meni or the tiles.

Document Properties

Create User Object

T  Fibbon Layout v
| Show In Folder
|E Special Folders 4 | E Components Folder
Preferences._ Ctri+Maj+F % Settings Folder
Close CuteW g Userd Open the folder th
| E AutoSave Folder
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STEP 1: INSTALLATION OF AXINT_INP_WRITER

-Past here the files from « grasshopper files » folder, Close Grasshopper and Rhino,

installation is ready.

el | Lo O5(C) » Utilisateurs » Benoit » AppData » Roaming » Grasshopper » Libranes » - |+f|! Rechercher ..".. Librares 0
Organiser = Inclure dans la bibliothéque = Partager avec = Graver MNouveau dossier = = [ ii}ﬁ
A Favoric Norm : Modifié le T
| Emplacements récents LunchBox 28/11/2017 11:32 Dossier de fichiers
projets altiumn designer tetgen 27/11/2017 16:55 Dossier de fichiers
B Bureau Il___l elefront.gha 29/11,/201711:41 Grasshopper Assembly
4. Telechargements ig ghpython2.gha 2911 /2017 17:38 Grasshopper Assembly
AKINT l_i;l telepathy.gha 30/11/2017 20:41 Grasshopper Assembly
._l_. tut_writer.gh 29/11,/2017 17:22 Grasshopper Document
= Bibliothéques
}l Documents L
|| Images 1
o' Musique
B vidéne
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STEP 1: INSTALLATION OF AXINT_INP_WRITER

-Create a folder where you want to do the files conversion, then copy here the

AXINT_INP_WRITER file here. Installation is ready.
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STEP 2 : Preparing the CAD GEOMETRY

Prefer this option if you have no CAD already in
your organisation

-Option 1 : Create your geometry with Rhino.
-Option 2 : Import geometry for other CAD software : many file formats can be imported
(IGES, STEP are nice solutions).

-Option 3 : Import .stl file from any source.
Prefer other options, as you won’t be able

to adjust the size of the .inp file.
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STEP 3 : Preparing the meshes in rhino5

Sans titre - Rhinoceros 5.0 Commercial _— P— ' - J b T

Fichier Edi‘tion Vue Courbe Surface Solide @a}rtﬁge] Cote Transformer Outils Analyse Rendu Panneaux 7
= 1
A partir d'un objet NURBS

1 surface ajoutée ala sélection.

Primitives de maillages 3

Commande:
QOutils pour les courbes | Outils pour les surfaces | Outils

,0,0 0,@, "5, €

Standard | 'F’_l'anst _Déﬁ{:ﬁr'iayug =) Afﬁdﬁge SE Décaler un maillage

- Appliquer un maillage UVN

D (= @‘g Ij: V)é @ EI k"‘{m) Appliquer sur une surface
_Dessusfv”m
ke a | A partir d'une polyligne fermée
R Aoy 4
f\.‘ oty : A partir d'un polygone de contrale NURBS
& @'3; | Outils de réparation de maillages L3
D it | Outils de modification de maillages 3
A
g | Opérations booléennes sur les maillages I3
@A D-l |
@“ % | Propriétés du maillage de rendu
4 V|
9.8
= |
STA
L 7
:5 I:EI X
o |
3, Vel (IR B NN A RN E W . R

Use this function to create a mesh for each object to be imported
into MCNP
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SKIP STEP 3 when
using .STL file

STEP 3 : Preparing the meshes

Sanstitre—Rhinocemsiﬂ(‘,ommercial p_— p— r - ._’.
Fichier Edi‘tion Vue Courbe Surface Solide Maillage Cote Transformer Outils Analyse Rendu Panneaux 7

Création des maillages... Appuyer sur Echap pour annuler
Cliquer sur Accepter pour conserver le maillage: |
Standard PlansC Deﬁrur lavue Aﬂzlchaga Selec‘hm'mar Dispnsmon dsfenétrﬁ ¥ \.ﬁsibmte Traﬂsfm'rmar (:.‘h.rt‘iis_pnm' les Di_)LH"bEE Outdspour 15 surf

NeEaTXD0~d) +20 L0 25 H=%Cx9209000@ %4

Dessus |.v I | || P
(R I lizzzs:
41 1o . . . A % |E
j\ a8 Options supplémentaires de maillage -,
B
(_, Densité : 01
4 4
Angle madmal : 0.0
R q R de fi | 0.0
Y apport de forme maximal : .
®A D_‘L |
Longueur minimale des bords ; 0.0001
&: 4?1 Longueur maximale des bords ; 10.0
g‘ & Distance maximale entre bord et surface : 0.0
0
Division initiale minimale de la grille : o
u @; vision initiale minimale de la grile
% % | [¥] Affiner le maillage
EB I:EI [ Jairtures dentées [¥] Comprimer les textures
[ Plans simples 3 Foa
(2] : - i
&A U8 = [Accepter] | ﬂnnuler] I Aide I | Apergu I IOptionssh'nples... I - P
‘“\k ﬂu‘ Faq f r I
o ]
| y T T T ™

Advised starting meshing parameter.
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STEP 4 : Rename the meshes

= O Propr @ Calg | [ Affich.| @ Aide &2

|

Objet
Type gilacedemns
Calque Defa -

Couleur d'affichage [] Par calque
Type de ligne Far calgue
Couleur dimpression <y Parcalgue

Largeur dimpression Par calgue

DRTRTIR]

Lien
Paramétrez du maillage de rendu

Mailzge personnalizé

Faramétres : _ Auster...

RarmdAn

Keywords « source » and « detector » can be used to designate source and
detector objects. Several detectors can be carried into MCNP. Only one source
can be declared (limitation of MCNPG6.11)
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STEP 5 : Create layer set for materials

i Y o L an an  SERUSLTSS
S =t

23| [qfF g »
iyl [

pour les solides | Qutils pour les magiiaga Outils pour le rendu Da;sin_ I'u"liséEnF"age Nouveautés dans |a V5

O Proprigtés | (@ Calques | [l Affichage | ‘g Aide &
DRXavdYRPO _
Mom Actuel Matériau  Type de ligne Larg
Défaut Yol Continu & Déf:
NAI v | Continu & Def
: WATER = | Continu @ Dk
STAINLESS STEEL Yol Continu & D&z
PVC Yol Continu & D&
AR v dd Continu > Défe

Rename a layer for each material you want to declare into MCNP
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STEP 6 : Assign all meshes to their layers

W T N e
-
EHE ‘Dutils pour les solides | Outils pour les maillages ' Outils pour le rendu | Dessin | MiseEnPage | Nouveautés dans la V5 &
v t-:?}i f 9
o.Perrletes @Caiqua :U_Nﬁ&age :;jﬁude QS;}
Obijet
Type mailage femé
MNom youmame_SOURCE [
Calque W Dt b

Couleur d'sffichage
Type de ligne
Couleur dimpression
Largeur dimpression
Lien

Paramétres du maillage de rendu
Maillage persorinalisé
Paramétres Ajuster.,,

Rardi

Several meshes can be be assigned with the same material
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STEP 7 : Save your Rhino file.

PROJECT IS READY FOR CONVERSION !
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File conversion step 1 :

-In Rhinoceros 5, type the grasshopper command. The open the « AXINT-

INP_WRITER.gh » file;

o af'lo@cwem@ 17|
> »E

Q060 00 o
——TTE— ETTE

20@ 30 0

gl v -B-e-4
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Right click on « G » Then
« set multiple extended
geometry ». Select your

meshes in rhino.

T MCNP_input

inp file

objects names nodes section

Xlist
Ylist
Zlist

nodes

( objects names

d objects names nodes formatted

instance section

{ objects names materials section ]

2ems (5%)

Note : you can use CTRL+A to select all objects in Rhino. Any hon-mesh object
will be ingnored by the converter.
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Step 4

Conversion will start automatically.

Be carefull, large file can take some time for files conversion. It is advised
to verify the number of facets in the Rhino file wil the function Analysis -
Diagnostics - List. An object with 10K+ facets may take more than 1
minute for conversion.

Another way to estimate the conversion time is the size of the Rhino file :
A Rhino file size of 3Mo will take about 1 minute for conversion
(depending on computer...)
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Step 5 : inspect AXINT_SIM_INPUT .txt

This is the main MCNP input file. The prorotype file is automatically
created, but you need to add some more information by hand. The
prototype file includes comments to guide the user for simple simulations.

Users may refer to MCNP6 manual for more complex simulations.
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1 WRITIEN -BY -AXINT IN

2 101-1 nsert (—)densitcy -for L 0-v=1-imp:n=1 £ object -name - -crystal -can tetrahedrons - : 10440
3 102 -1 -"insert(- eIy ror Aluminium' 0-v=1-imp:n=1 g object -name - : - source tetrahedrons - : - 5113

4 1031 -"ingert(-)density - -for-agluminium’ 0=l -imp:n=1 £ object -name - : -housing tetrahedrons  : - 1964103

5 104 -1-"insert (-)density - -for -gluminium’ 0-uv=1-imp:n=1 £ object -name -: -clamp tetrahedrons - : - 4390 6EENY

& 105 -2 -'"inzsert (-)density  -for-PRl12" 0-u=1 -imp:n=1 £ abject -name -: -3D-printed-1 tetrahedrons -: - 29215309

T 106 -3 - 'insert (-)density -for -BET® 0-u=1- -imp:n=1 B object -name - : -window tetrahedrons . : - 438 @03

8 107 -4 - 'insert (-)density -for -Nal' 0-u=1- -imp:n=1 z object -name - : -detector tetrahedrons - @ - 523N

9 108 -5 - "insert (—-)density -for -FR4"' 0=l -imp:n=1 £ object -name - : -FCB1 tetrahedrons . : 268 cERAY

10 108 -5-'"in=sert (-)density -for -FR4' 0-u=1-imp:n=1 z object -name -: -PCB2 tetrahedrons @ - 2761 0N

11 110.5.'insert(-)density-for -FR4' 0-wv=1-imp:n=1 £ object -name - : -PCE3 tetrahedrons @ - 67354 Ny

12 111 -2 -'"inzsert(-)density -for-PRl12" 0-u=1 -imp:n=1 £ abject -name - : -3D -printed-2 tetrahedrons - - 4336933

13 112 -2 - '"insert (—-)density -for -PR12" 0-u=1 - -imp:n=1 £ object -name - : -3D -printed -3 tetrahedrons - : - 7963 AR

14 113 -"insert -material -index -for -background' -'insert (-)density -for -background' -0 -u=1 .imp:n=1 g background -cell @A
15 114 -0--99.fill=1-imp:n=1 H £ill cell EDNiAg

16 115.0-99.-98 . imp :n=1 Mg

17 1160 98 imp:n=C/EREE 3

18 C-report.: -total -number .of -tetrahedrons -in -the .project - : - - 1893300 003

Cells section : the user may enter here the density of each object. Names
are reported for easy use (1), as well as tetrahedrons count for each
object (2) and total count in the project (3).
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Step 5 : inspect AXINT_SIM_INPUT .txt

1  WRITTEN BY -BXINT INF WRITER@RIR

2 101 -1-'insert (-)density-for -gluminium' 0-uw=1-imp:n=1 g ocbject -name - : -crystal -can tetrahedrons - @ - 10440 E383
3 102 -1-"insert(-)density-for-gluminium’ 0-u=1-imp:n=1 s object -name - : -source tetrahedrons @ 511 EJAY

4 103 -1-"insert (-)density-for-gluminium' 0-uw=1-imp:n=1 g object -name - : -housing tetrahedrons @ - 19641383

) 104 -1-"insert(-)density-for-gluminium’ 0-u=1-imp:n=1 s object -name - : -clamp tetrahedrons @ 43933

& 105-2 -'insert (—-)density - -for-BA12" 0 -w=1-imp:n=1 z object -name -: -3D-printed-1 tetrahedrons @ - 2321563083

Fi 106-3 -'"insert (-)density-for -BKT' 0-u=1-imp:n=1 z object -name - -Wwindow tetrahedrons @ 435 EDAY

8 107 -4 ."insert (-=)density -for -Nal" 0=l .imp:n=1 ] object -name . : .detector tetrahedrons @ 52350

] 108 -5 -"insert (-)density-for-FR4' 0-u=1-imp:n=1 z object -name - : -PCEB1 tetrahedrons - - 262 6[ERAg

10 1095 -"insert (-)density-for-FR4' 0-w=1-imp:n=1 Z object -name - : -PCB2 tetrahedrons - - 2761 EH3MA3

11 110 -5 -'"in=sert (-)den=sitcy -for-FR4!' 0-uw=1-imp:n=1 z object -name - : -PCE3 tetrahedrons @ - 67354 A3

12 111 -2 -'"insert (—)density-for -PR12" 0=l -imp:n=1 z aobject -name -: -3D-printed .2 tetrahedrons @ - 4336223

3 Pl EP L |— ) density -for -PRIZ' 0 uw=1 -imp:n=1 [ objcorTT D -printed -3 tetrahedrons @ - 7963 A3

4 'insert -material -index -for -background' - 'insert (-)density-for -background =1 imp:n=1 z kbackground cell [ 3Ry
2 0.-99-fill=1 - -imp:n=1 = £ill cell @RiRg

16  115.0.9%.-38 .imp:n=. Ry

17 116098 - imp:n=(|EREE

18 C -report-: -total -number -of -tetrahedrons -in-the -project -: - - 189300603

Background material : In the MCNP6 Unstructured mesh feature, the background
material is the material that will fill the space non described by the meshes. (This
is often air). User may insert material index and density for background. This can
be one of the already listed materials, or a new one.
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Step 5 : inspect AXINT_SIM_INPUT .txt

=t C - SURFACE - CARDS [N

21 848 .RPP-—-48.35-49.35.-49.35 49.2',:1 206 -36 E £ill  cell(@=iNg
22 C -UNIVERSE BEIN3

P, SEREPP--50.25-50.25--50.25-50.25--207 -37

24

25 [ -AEEQUS/CAE -EMBEDDED -MESH - SECTION

26 embedl -meshgec=abacus -mgeoin=AXTNT INF WRITER.jnp-&

2 mesout=leadwall abg3.geout -background=113 -filetvpe=ascii -cE=INg
28 patgell=-1.101-2-102.3.103 . : @068

249 4.104-5-105 -6 - 10600

30 7-107 -8 -108 -9 - 10905

31 10-110-11-111-12 -112 303

= embeed :p -embed=1 fElemental - tallvhEiNg

This section should does not require intervention from the user.

(1) is a bounding box including all meshes, automatically generated by the
converter.

(2) is the declaration of the MCNP cell corresponding to the list of meshes.
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Step 5 : inspect MCNP INPUT FILE

- ——

L

ml-"add -here-gluminiym material -definitcion' B35

m2  'add here PL1Z2 materizl -definition' @Ry

m3 - 'add -here -BE7 material -definition' @383

md  'add here HNal material definition' @383

m5 - 'add -here -FR4 material -definition' @383

mode -p £ .. (p=photons, -e=electrons, -n=neutrons) DK

[T T L I B LI
1 o

Materials definition simplified guideline (refer to MCNP manual for more options) :

Materials definition should include atomic number and atomic mass (or 000 for natural isotopic composition),
and atomic fraction (not necessary normalized) for each element in the material

Ex1 : Water : Z(H) = 1, atomic fraction = 2, Z(O) = 8, atomic fraction = 1,
Material corresponding definition : m1 1 28 1
Ex2: 235U : Z(U) = 92, atomic fraction = 1

Material corresponding definition : m1 92 1
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Step 5 : inspect MCNP INPUT FILE

38 mode -p £ .. (p=photons, -e=electrons, -n=neutrons) A3
22 SDEF -ERG .= 'XXX(MeV) 'or'Di' -FOS = yolumer

{4

indicate -source -energy -or -use -D1 -if -source -is -not -mongenergekicER

5I1:L:0.511:1.275 list .of -energies. remove line -if D1 .is=s -not -usedERNE

(]

11 SP1-1.8-1 % .relative -probabilities. -remove:-1line -if D1 :is -not -usedBRBG
42 filg:p 1072
3 Elg-a -pi-b £ for energy histogram results a=gnergyviin b=energymax n=channels - count @EEY

44 FT18 -GEE.0.01-0.08 .0
45 pps- 5000000

iy

for -gaussian -flattening -of -the -tally -results: (i.e. -scintillator -energy -resolution) B
number -of -particles -to ‘be -simulated

iy

-Mode : « p » means that photons will be transported. Change to «e» to transport electrons,
« n » for neutrons. « p e » for photons + electron, aso... Default value is p, user may edit this line.

-SDEF line : source declaration : replace XXX by the source enegy for monoenergetic source, or
type « D1 » if multiple energies emitted. In this case, list the energies in SI1 line, and probabilities
in SP1 line. Default value descibe a well known 60Co source as an example.

Remark : source will be emitted in the mesh with the « source » keyword. Multiple mesh sources
are not supported currently, due to a MCNPG6.11 limitation. It will be developped when MCNP will
be able to handle it.
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Step 5 : inspect MCNP INPUT FILE

38 mode -p 2. . (p=photons, -e=electrons, -n=neutrons) RNy
SDEF -ERG = '"XX¥X (MeV) 'or'Di' -POS = yolumer
5I1-L-0.511-1.275

4]

indicate -source -energy -or -use -D1 -if -source -is -not -monoenergekicER
li=t .of energies. remove line if D1 .is not  usedEERN

iy

- 5P1-1.8-1 % .relative -probabilities. -remove line-if.D1.is -not - -used®RilG
£f18:p 107 @3N
E18-a-pi-b £ .for -energy -histogram . results -a=gnergyviin -b=energymax -n=channels - count EEEY

FIl8 -GEE-0.01-0.08-0
nps -5000000

iy

for -gaussian -flattening -of -the -tally -results: (i.e. -scintillator -energy -resclution) B
number -of -particles -to ‘be -simulated

I
s L Rl = O

iy

f18 line : tally of the simulation : default value is an F18 tally (the simulation will return the

number of interaction in the target cell (indentified by the « detector » keyword). Use may want to
edit this line.

E18 line : Used to simulate a scintillation detector : a and b describe the energy range, and n is
the channel number. The simulation will return an energy histogram as a result :

FT18 line : gaussian flattening : used to simulated the energy resolution for a scintillation detector.
Refer to MCNP6 manual for more details.

NPS : number of particules to.pe emitted. c sc 1azergues 69480 LucENAY- FRANCE
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Step 5 : inspect MCNP INPUT FILE

mode -p = (p=photons, e=electrons, n=neutrons) HEANA3

L L

£ SDEF -ERG-=-"XXX (MeV) "or'D1l" -FOS5 -= -yolumexr g -indicate -source -energy -or -use -D1 -if -source -is -not -monoenergekicEE=l
40 5I1:L-0.511.1.275 5 .1li=t .of energies. remove line .if D1 -i=s not . usedEEIAg
31 5P1-1.8-1 % .relative -probabilities. -remove line-if.D1.is -not - -used®RilG
42  filg:p-107E20E
: £ Elg-a-ni-b for -energy -histogram-results -a=gnergvinin -b=energvmazx -n=channels - count N

44 FT18.GFER -0 07 -0 08 .0
1 45  ppsz - 5000000

for . oaussian flatteninog . nf the tallv . resplt=s. (i e acintillator.enerov. -resaolotion) B

R

number -of -particles -to--be -simulated . {5

NPS : number of particules to be emitted. User may edit this line.

AXINT SAS - 181 route de '’Azergues 69480 LUCENAY- FRANCE
Tel +33(0)6 29 85 94 53
RCS Villefranche sur Saéne 500 916 804 — SIRET 500 916 804 00023 — TVA intracommunautaire FR 40 500 916 804



Step 6 : Run the simualtion

To run the simulation, the AXINT_SIM_INPUT.txt and the AXINT_INP_WRITER.inp files
must be located in the same folder. AXINT _INP_WRITER.inp file includes all the
meshes information, it can be a heavy file. There is no intervention required on this file.

For more information, contact hautefeuille@axint.fr

AXINT SAS - 181 route de '’Azergues 69480 LUCENAY- FRANCE
Tel +33(0)6 29 85 94 53
RCS Villefranche sur Saéne 500 916 804 — SIRET 500 916 804 00023 — TVA intracommunautaire FR 40 500 916 804



Remark :

It is possible to include a list of usual material so that they can be included automatically
in the simulation input file. This is not implemented in the code yet, | will do it if we
decide to ditribute this program to MCNP beginners.
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