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2. The FLUKA preprocessor
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The FLUKA preprocessor

« Alimited, “C"-like preprocessor
* Manipulates the input before execution using directives

3 type of directives (starting with: #):
* Definition:
#define, #undef

e Conditional:
#if, #elif, #else, #endif

* Include:
#include
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FLUKA preprocessor - Definition

Directive: #define

- ldentifiers without numerical or character value:
# fdefine identifier name
 Used in conjunction with conditional directives (#if identifier name ... #endif)
 identifier_name can be up to 40 character long

* |dentifiers with numerical or character value:
#» #define identifier name - value

* The value can be used in any other input card by referencing $identifier name and can be up to 40

characters long
« Can also be used in conjunction with conditional directives

Directive: #undef
@ fundel identifier namev
* Deletes a previously defined identifier

Simple sources and preprocessor




FLUKA preprocessor - Definition

- |dentifiers can be defined and referenced anywhere in the input file

« Example:
# Momentum 0.1
# Particle - PROTON
# BEAM Beam: Momentum v | p: $Momentum Part: $Particle v |
Ap: Flat v Ap: Ad: Flat v Ad:
Shape(X): Rectangular v AX: Shape(Y): Rectangular v Ay:

* Note: Itis possible to redefine an identifier with a second #define directive

e Thisis NOT RECOMMENDED
« If an identifier is redefined, the new value is only applied to cards below

« The output and error files will contain warning messages
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FLUKA preprocessor - Conditional

Directives: #if, #elif, #else, #endif
 To include or exclude parts of the input in conjunction with the #define directives

# #define identifier A < Inactive identifier
= identifier_B . € Active identifier
) identifier A v
oy < Inactive part of input
il identifier B v

L | < Active part of input
2,
.. < Inactive part of input
+

« They work similarly to any programming language
Limitation: Cannot compare values, only test if an identifier is defined or not

« Can be nested
Limitation: Maximum of 10 nesting levels can be used
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FLUKA preprocessor - Conditional

# ffdefine NeutronBeam

& 17  NeutronBeam v

# BEAM Beam: Energy v E: 0.1 Part: NEUTRON v
Ap: Flat v Ap: Ad: Flat v Ad:
Shape(X): Rectangularvy  Ax: Shape(Y): Rectangular v Ay:
¢. #else
# BEAM Beam: Energy v E: 0.05 Part: PHOTON v
Ap: Flat v Ap: Ad: Flat v Ad:
Shape(X): Rectangularvy  Ax: Shape(Y): Rectangular v Ay:
o #endif
& 11 NeutronBeam v
¢ ASSIGNMA Mat: CONCRETE v Reg: SHIELD v to Reg: v
Mat(Decay): v Step: Field:
¢. #else
¢ ASSIGNMA Mat: LEAD v Reg: SHIELD v to Reg: v
Mat(Decay): v Step: Field:
¥ #endif
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FLUKA preprocessor - Conditional

# ffdefine NeutronBeam

& 17 NeutronBeam v

Part: $Particle v |

# #define Energy - -0.1
# #define Particle - NEUTRON
# #define ShieldMa - CONCRETE
¢ #else
# #define Energy - -0.05
# #define Particle - PHOTON
# #fdefine ShieldMa - LEAD
i #endif
# BEAM Beam: Energy v |E: $Energy
Ap: Flat v Ap: Ad: Flatw
Shape(X): Rectangular v Ax: Shape(Y): Rectangular v
¢ ASSIGNMA | Mat: $ShieldMa v | Reg: SHIELD v
Mat(Decay): v Step:

Simple sources and preprocessor
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FLUKA preprocessor - Include

Directive: #include
& Finclude <path>/filename.inp v

* Includes the specified file to the input
« Can be nested at multiple levels

* The path can be:
* Relative to the main input file
» Absolute

* Use cases:
» Split large input files into multiple smaller ones
* Reuse same input section (beam definition, scoring, etc.) in multiple input files
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How to define and use (complex) materials in your calculations
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| ecture overview

* Introduction

Pre-defined materials

Declaring & assigning materials

Compound materials

Flair material database

« Special cards
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Introduction

« FLUKA assumes that radiation propagates through homogeneous media

 E.g., within a volume occupied by CO,, the probability of encountering an O atom is the same at
any location within the volume (and double that of encountering a C atom)

« Exception: crystals! (particle propagation depends on the direction with respect to the lattice)

« Therefore, only the stoichiometry and the density matter, as they define the atom
density per unit volume for each atomic species (C and O in the above example)

« Example: as long as the density is the same, chemical isomers are identical for
FLUKA, despite their different molecular structure and other physical properties

* Pentane, 2-methylbutane, 2,2-dimethylpropane: C:H,,

* p=6.2 g/cm?, but different structure, boiling points etc.

CH,
CH, |
3
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Pre-defined materials

« A number of common materials (23 elements and 12 compounds) are pre-defined
and can be assigned to a region without the corresponding material declaration
« Hydrogen, carbon, oxygen, iron, lead, argon etc. — natural isotopic composition

- Water, dry air, polyethylene, various biological tissues (bone, muscle etc.)
 Full lists available in the manual (section 5.2)

« 2 special materials are also included:

* VACUUM: obvious definition. Static electrical fields can be defined only in vacuum.

 BLCKHOLE : ldeal absorber, must be assigned to the “black body” region surrounding your

geometry (see Geometry lecture), but can also be used elsewhere in the geometry, e.g. for

perfect shielding/collimation, to reduce CPU-time by killing tracking in certain regions etc. —
Beware of potential consequences!

« Users may modify the pre-defined materials (except for BLCKHOLE and VACUUM)

* Note: Using the name of a predefined material for a user-defined material will override the
FLUKA definition.
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Declaring materials

* A non-predefined (single element) material is declared with a MATERIAL card

Name

@ MATERIAL |FLUORINE

#:

79 Am:

A:

n: 0.001696 g/cm3
dE/dx:

Leave
empty

- Each material must have a different name/identifier (8 character limit!)

* Note: this is the case even when e.g. defining different isotopes of an element as materials, such as
Boron-10 and Boron-11 (as opposed to natural boron)

@ MATERIAL Boron-10

75 Am:
@ MATERIAL Boron-11
/5 Am:

# .

A 10
#:
A1l

p: 2.34
dE/dx: v

p: 2.34
dE/dx: ¥

Use to
define
specific
Isotope

* Note: The choice of material name is important for low-energy neutron transport: a LOW-
MAT card may be required to assign correct neutron cross-sections to the material.

Conversely, using the FLUKA name will automatically call the corresponding cross-sections

(if they exist).

& FLUKA
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Assigning materials

 The ASSIGNMA (material assignment) card assigns a material to one or more regions
* Region: an enclosed finite volume in our geometry
« Example: here material COPPER is assigned to region TARGET
* Note: the assignment can be made to more than one region with the Reg/ to Reg/ Step options

¢ ASSIGNMA Mat: COPPER v Reg: TARGET v to Reg: v
Mat(Decay): ¥ Step: Field: w

* |t can also activate the magnetic or electric field (the latter only in vacuum) in the same
region(s)
« To be used in conjunction with a magnetic/electric field definition (see relevant lecture)
* Note: Only one of the two types of field may be defined in a given (vacuum) region

* Note: a declared material does not have to be assigned to any region (but it will not be
Initialised), or it may be assigned only under certain conditions (see lecture on
preprocessor commands)
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Compound materials

« Composite materials can be defined via the COMPOUND card
- Each COMPOUND card must be associated to a MATERIAL declaration through a matching

name/identifier
@ MATERIAL |CO2 #: n: 0.001842
Z: Am: A: dE/dx: v
2 COMPOUND |CO2|v Mix: Atom v Elements: 1..3 v
Components and f1: 1.0 M1: CARBON v 2: 2.0 M2: OXYGEN v
abundances f3: M3: v

» The number of components can be increased via the Elements option

» The abundances can be expressed in terms of:
« Atom content (as in the above example)
* Mass fractions
* Volume fractions

» Note: Mass and volume fractions do not need to add up exactly to 1 (or 100), they are
automatically scaled
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Compound of compounds: an example

- Compound materials can be used as components of other compound materials:

[ Butane C4 H10
@ MATERIAL BUTANE #: p: 0.0024934
Compound of Z Am: A: dE/dx: ¥
pre-defined materials 2 COMPOUND |BUTANE|v Mix: Mass v Elements: 1.3 v
f1: 0.173408 M1: HYDROGEN v 2: 0.826592 M2: CARBON v
- f3: M3: v
: Fluorine
New elemental material | SuTeRIAL FLUORINE #: 5: 0.001696
(not pre-defined) | 7.9 Am: A: dE/dx: v
- Carbon Tetrafluoride
@ MATERIAL CF4 #: p: 0.00125
C d ial J Z: Am: A: dE/dx: ¥
ompound materia s COMPOUND [cFalv Mix: Atomy  Elements: 1.3 v
f1: 1.0 M1: CARBON v 2: 4.0 M2: FLUORINE v
i f3: M3: v
" Ar:CF4:C4H10 (88:10:2) gas mixture: a compound of compounds
@ MATERIAL DetGas #: p: 0.00188
Compound of | Z: Am: A: dE/dx: v
# COMPOUND DetGas v Mix: Volume v Elements: 1..3 v
compounds 71: 0.88 M1: ARGON v 2: 0.1 vi2:[cFalv
f3:0.02 M3:|BUTANE|v
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The material database

* Flair comes with an extensive library of materials (elemental and compounds) that
can be imported into the input

Materials

Search: X
Group———Material List
Biological A Material Density \ Stoichiometry \
Elements Epoxy (molded) 1.85 H-19, C-18, 0-3
General Polyethylene Marlex 0.93 H-4, C-2
ICRU Poiypyromeiiitimide Polyimide, Kapton 1.43 H-10, C-22, N-2, O-5
Implantation Polychloro-p-xylylene Paralene-C 1.289 H-7, C-8, CI-1
Liquids / Gases 760 Formvar PMMA 1.31 H-8, C-5, 0-2
Metal Alloys Bakelite 1.45 H-9, C-9, O-1
Plastics / Polymers Epoxy (cast) 1.18 H-19, C-18, 0-3
Targets Polyvinylchloride Rigid PVC 1.68 H-3, C-2, CI-1
User Polycarbonate Lexan,Makrofol 1.2 H-14, C-16, O-3

-/ Polypropylene 0.9 H-6, C-3

-Material Properties
Title:\Polypyromellitimide Polyimide, Kapton

@ Notes £“Stoichiometry Propeties|
Notes: Names:
Chemical 0=2C H-C C=0 Polyimid P
Formula /N /7 N/ N\ H-C - C-H H-C - C-H =
/ \C c A\ // \\ /7 \\ =
-- N | |l N-C c-0-¢C C - —
A /C c 7 \ / \ / B
C H NO N/ NN/ NS H-C = C-H H-C = C-H
2210 2 5 0=C H-C cC=0
Fluka: LS

\
« Caution: verify material properties before importing
« E.g. multiple (similar) versions of the material with different properties may exist
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Special material cards (less frequently required)

e The MAT-PROP card

* Modification of density and average ionisation potential, setting threshold for DPAs
(Displacements Per Atom), request call to usrmed. £ routine when particles are transported Iin

specific material

* The CORRFACT card

» Modification of material density for energy loss calculation purposes and nuclear processes on a
region-by-region basis
* Relevant for voxel geometries obtained from CT scans

« The STERNHE card

 Allows to modify the recommended Sternheimer density effect parameters used for the stopping
power calculations (Sternheimer et al., DOI: 10.1016/0092-640X(84)90002-0) for a material

Materials in FLUKA


http://doi.org/10.1016/0092-640X(84)90002-0

Summary

« An introduction to materials in FLUKA, including declaration and definition of
(compound) materials, the FLUKA pre-defined materials and the Flair material
database

» Essential cards to remember:
« MATERIAL: material declaration
« ASSIGNMA: material assignment to region(s)
« COMPOUND: definition of compound material

» Special cards (used more rarely)
e MAT-PROP, CORRFACT, STERNHEI
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Iremos testar os conceitos apresentados em aula para montar um composto muito
apreciado no Brasil, a caipirinha!

Caipirinha é o coquetel oficial do Brasil feito com limao, agucar, gelo e cachaca. Mas
iremos fazer algumas aproximacoes.

O gelo sera considerado um item a parte:
« Cubos de agua (H,0) com densidade de 0,92 g/cm?

| A composicdo do liquido deve seguir a proporcao abaixo:
. « 60 ml de alcool (C,H¢O - 0,789 g/cm?)

1« 80 mldeagua (H,O-1g/cm?)

« 2 gacido citrico (C¢HgO - 1,66 g/cm?)

« 24 g acucar (C,,H,,0,,-1,5805 g/cm?)
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SOLUCAO:

ICE - ©.92 g/cm3

0 MATERIAL ICE = p: 0.92
z A & dEfdx: =
B COMPOUND ICE~ [Mix: Atom » Elements: 1.3 »
f1: 2.0 M1: HYDROGEN » f2: 1.0 MZ: OXYGEN v
f3 M3: w
Ethyl alcohol C2 H5 0O H
0 MATERIAL ETHAMNOL = p: 0.7893
— z Am .Y i E_.';' Weow
B COMPOUND ETHANOL v Mix: Mass Elements: 1.3 ¥
f1: 0.131269 M1: HYDROGEN » f2: 0.521438 MZ: CARBON »
— f3: 0.347294 M2: OXYGEN v
Citric Acid - 1.66 g/cm3
— 0 MATERIAL ACIDCITR = p: 1.66
K Am A dE/dx: v
B COMPOUND ACIDCITR » Mix: Atom Elements: 1.3 ¥
— f1: 4.0 M1: HYDROGEN » f2: 2.0 MZ: CARBON »
f3: 2.0 M2: OXYGEN v
. Sucrose C12 H22 011
0 MATERIAL SUCROSE = p: 1.5805
Z A Ly dE/dx: ¥
- B COMPOUND SUCROSE v [Mix: Mass v Elements: 1.3 »
f1: 0.064779 M1: HYDROGEN » f2: 0.42107 MZ: CARBON »
f3: 0.514151 M2: OXYGEN v
Capirinha ligquid compound
0 MATERIAL DRIMNEK = p: 0.979
Fi Am A dE/dx: ¥ —
B COMPOUND DRINK » Mix: Volume » Elements: 1.3 ¥
f1: 60.0 M1: ETHANOL v f2: 80.0 MZ: WATER »
f3: 1.2 M2: ACIDCITR v f4: 15.0 M4: SUCROSE v GOVERNO FEDERAL

_____________________________________________________________________________________________ " MINISTERIO DA
CHNPEITN ciEnciaTECNOLOGIA “ rl
A E INOVAGAO r |

UNIAD E RECONSTRUGAO
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