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Advanced topics

A brief overview of some advanced features



Lecture overview

ÅIntroduction

ÅGeometry replication (LATTICE)

ÅAccessing detailed particle information

ÅMedical applications

ÅSpecial sources

ÅOther advanced features and conclusion
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Advanced topics

ÅWe have covered the fundamental capabilities of FLUKA during this training

ÅThese features are controlled through the default options and can be combined to cover a 

wide variety of problems, including complex geometries, scoring needs etc.

ÅStill, more complicated/specialised requirements may arise, such as:

ÅReplicating geometries

ÅAdvanced sources

ÅCustom scoring, extraction of detailed particle information (on an event-by-event basis)

ÅMedical applications

ÅAnd moreé

ÅSome of these advanced capabilities require modified user routines and compilation of 

custom FLUKA executables

ÅDefault versions of the user routines can be found in the pathtofluka / src /user/  directory

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

ÅComplex geometries often exhibit replicated regions

ÅE.g. in particle accelerator beamlines: dipoles, quadrupoles, beam-loss monitors, etc.

ÅInstead of defining every replicated region (and their interior complexity) explicitly, 

one may define a prototype region and then use FLUKAôs LATTICE capabilities to 

replicate it as many times as needed elsewhere in the geometry
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Lattice: the concept

ÅPrototype 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)

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

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

ÅReplica-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
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Replica

1. For every particle

entering the replicaé

2. éits coordinates are transformed back to the 

prototype, where FLUKA performs the tracking

Prototype

3. A resulting particle

exiting the prototypeé
4. éis transformed back to the replica boundary 

to be tracked in the surrounding geometry



LATTICE example

ÅBuilding on the LATTICE functionality, one may construct arbitrarily complex 

geometries:

ÅFor accelerator lines: LINE BUILDER (makes heavy use of LATTICE capabilities)

[A. Mereghetti et al., IPAC2012, WEPPD071, 2687]
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Accessing particle information
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Accessing particle information
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Collimators

ÅExample: generating a dump of particles produced from an 

accidental LHC proton beam impact on collimators

ÅParticle information is recorded when crossing an interface plane at 

the entrance of the CMS cavern

ÅThe relevant user routine is mgdraw.f , (entry BXDRAW), 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 in which format, e.g.:



Accessing particle information

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

Åe.g. the spatial distribution near the beam-line and the energy distribution of particles for different 

choice of collimator materials and beam impacts:

ÅNote: 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

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

ÅVoxel geometries are especially useful for 
importing CT scans, e.g. for dosimetric calculations 
of radiotherapy treatments

ÅFlair 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

ÅDICOM files can be browsed, 

visualised and edited (e.g. 

anonymised)

ÅVoxels can be grouped into 

ñorgansò or regions of interest 

(RTSTRUCT in a pre-existing 

DICOM file)
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Medical applications

ÅThe DICOM CT file together with 

RTSTRUCT can be converted to 

a FLUKA voxel geometry.

ÅThis voxel geometry is contained 

in an RPP and can be placed 

within a larger combinatorial 

FLUKA geometry
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Medical applications
ÅSchneider parametrization to convert 

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

ÅRanges 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

ÅThe DICOM RTPLAN can be 
converted to a FLUKA beam input

ÅRTDOSE: the planned dose can be 
compared to USRBIN scoring

ÅAutomatic generation of DVH (Dose 
Volume Histogram)

ÅRelevant cards: VOXELS, CORRFACT, 
RAD- BIOL , TPSSCORE
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