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Advanced topics

AWe have covered the fundamental capabilities of FLUKA during this training

A These features are controlled through the default options and can be combined to cover a
wide variety of problems, including complex geometries, scoring needs etc.

A Still, more complicated/specialised requirements may arise, such as:
A Replicating geometries
A Advanced sources
A Custom scoring, extraction of detailed particle information (on an event-by-event basis)
A Medical applications
AAnd mor eé

A Some of these advanced capabilities require modified user routines and compilation of
custom FLUKA executables
A Default versions of the user routines can be found in the pathtofluka  / src /user/ directory

AWe will cover a few examples in this lecture
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Geometry replication: LATTICE
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Geometry with replicated regions

AComplex geometries often exhibit replicated regions
AE.g. in particle accelerator beamlines: dipoles, quadrupoles, beam-loss monitors, etc.

Alnstead of defining every replicated region (and their interior complexity) explicitly,
one may define a prototype region and I
replicate it as many times as needed elsewhere in the geometry
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Lattice: the concept

A Prototype region: a region enclosing a complex geometry (full detail of various bodies, regions,
material definitions, etc). Typically, the prototype is of a simple shape (RCC, SPH, etc)

A Lattice cell region: empty transformed prototype region where prototype region contents
should be effectively replicated (see next slide).

A The LATTICE card links lattice cell regions to prototype regions, effectively replicating the prototype
region content in each lattice cell (see next slide).

A Replica-prototype link is established via transformation (defined with ROT-DEFI), which exactly
transforms the lattice cell into the prototype (!)
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Behind the scenes

2 . eits coordinates are transformed back to the

prototype, where FLUKA performs the tracking
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LATTICE example

ABuilding on the LATTICE functionality, one may construct arbitrarily complex
geometries:
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AFor accelerator lines: LINE BUILDER (makes heavy use of LATTICE capabilities)
[A. Mereghetti et al., IPAC2012, WEPPDO071, 2687]
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Accessing particle information
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Accessing particle information

AExample: generating a dump of particles produced from an
accidental LHC proton beam impact on collimators

A Particle information is recorded when crossing an interface plane at
the entrance of the CMS cavern

A The relevant user routine is mgdraw.f , (entry BXDRAYY which allows

to intercept particle information when a particle crosses the boundary
between two FLUKA regions. It is you, the user, who tells what to
dump and |n Wthh fOrmat, eg # Scoring particles entering Region No 2126

# Col 1: FLUKA run number
# Col 2: primary event number
# -- Particle information --
# Col 3: FLUKA particle type ID
# Col 4: Kinetic energy (GeV)
# Col 5S: Statistical weight
# -- Crossing at scoring plane --
# col 6: x coord (cm)
Col 7: y coord (cm)

Collimators

#

# Col 8: x dir cosine

# Col 9: y dir cosine

# Col 10: Particle age since primary event (sec)

# Col 11: Total energy (Gev)

1.0685640710268577E-03 1.0000000000000000E+00 S.80402(
2.0869470497192035E-04 1.0000000000000000E+00 6.14101
3.4885316857469206E-11 1.0000000000000000E+00 -8.73614!
7.00B7267686422025E-02 1.0000000000000000E+00 -4.77469
5.0713988564154588E-11 1.0000000000000000E+00 -7.08454,
3.1391604740674895E-03  1.0000000000000000E+00 - 3.73255
8.2376767285225514E-02 1.0000000000000000E+00 -4.637731
2.3790418550118337E- 02 00 S.64980"
2.0485104425603303E-02 1.0000000000000000E+00 -4.90033
1.1054655441846896E-03  1.0000000000000000E+00 2.43893
2.2395286454035216E-02 1.0000000000000000E+00 3.631181
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Accessing particle information

AThis information can be processed to study the properties of the particle population

A e.g. the spatial distribution near the beam-line and the energy distribution of particles for different
choice of collimator materials and beam impacts:
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ANote: The great flexibility of this type of scoring comes with the penalty of ad-hoc
post-processing with custom tools!
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Medical applications
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Medical applications

A A geometry can be described in terms of voxels,”
tiny parallelepipeds of equal size forming a 3-
dimensional grid

A Voxel geometries are especially useful for
Importing CT scans, e.g. for dosimetric calculations
of radiotherapy treatments

A Flair can process CT scans in the DICOM(*) format
using the pydicom module and convert them to
FLUKA voxel geometries or USRBIN-compatible
files

(*) DICOM (Digital Imaging and Communications in

Medicine) is a medical standard for distributing any kind
of medical image.
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Medical applications

ADICOM files can be browsed,
visualised and edited (e.qg.
anonymised)

AVoxels can be grouped into
Aorganso or
(RTSTRUCT in a pre-existing
DICOM file)
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Medical applications

AThe DICOM CT file together with
RTSTRUCT can be converted to
a FLUKA voxel geometry.

AThis voxel geometry is contained
In an RPP and can be placed
within a larger combinatorial
FLUKA geometry
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Medical applications

A Schneider parametrization to convert
HU in the CT file to actual materials
(external file in flair website). This
conversion is machine-dependent!

A Ranges of HU are assigned to
various materials. To smoothly
account for density variation with HU,
Flair applies additional correction
factors. Additionally, one may
manually apply dE/dx correction
factors

A The DICOM RTPLAN can be
converted to a FLUKA beam input

A RTDOSE: the planned dose can be
compared to USRBIN scoring

A Automatic generation of DVH (Dose
Volume Histogram)

A Relevant cards: VOXELS CORRFACT
RAD BIOL, TPSSCORE

& FLUKA
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