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F LUKA :  
a  Mo n t e  C a r l o  c o d e
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Particle transport MC in 7 steps
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What is FLUKA?
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FLUKA is a general purpose tool for calculations of particle transport and interactions with 

matter, covering an extended range of applications :

proton and electron accelerator shielding to target design

calorimetry

activation

dosimetry

detector design

Accelerator Driven Systems

osmic rays, 

neutrino physics, 

radiotherapy 

etc.



Finding FLUKA infos
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www.fluka.org

In the webpage of the last 
FLUKA course you can find
the lessons’ material (click 
here)

http://www.fluka.org/
https://indico.cern.ch/event/694979/


Some FLUKA defaults
Default units of measurement 

time➞ s

length ➞ cm

energy ➞ GeV,

masses ➞ GeV/c2

B ➞ Tesla 

Reference frame (cartesian, right-handed)

z is primary beam direction

y is pointing upwards

Particles

each particle is identified by a number (see next slide)7

z

y

x



Particles transported

8 Fragments and nucleons originating in the “nuclear evaporation” phase are identified with 
particle number in the range from -39 to -7. Can be identified by Z and A.



B a s i c  i n p u t
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Structure of the input file
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FLUKA commands
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Fixed and free format
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A basic input
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A basic input is a text file with .inp
extension. The geometry can be 
stored in another text file with 
.geo extension.

They can be opened with a text 
editor.

Comment lines begins with *.



Physics & 
beam sett ings
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Physics settings 
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DEFAULTS



Physics settings & transport
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PHYSICS

PART-THR

EMF-CUT

DELTARAY

controls simulation of pair production and bremsstrahlung 
by high-energy heavy charged particles

PAIRBREM



Beam settings
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WHAT(1) = x-coordinate of the spot centre. 

WHAT(2) = y-coordinate of the spot centre. 

WHAT(3) = z-coordinate of the spot centre. 

WHAT(4) = direction cosine of the beam with respect to the x-axis of the beam reference frame. 

WHAT(5) = direction cosine of the beam with respect to the y-axis of the beam reference

WHAT(6) : not used

SDUM = NEGATIVE means that the direction cosine with respect to z-axis is negative.

BEAMPOS



Beam settings
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WHAT(1) > 0.0 : average beam momentum in GeV/c 
< 0.0 : average beam kinetic energy in GeV

WHAT(2) > 0.0 : beam momentum spread in GeV/c. The momentum distribution is assumed to be rectangular 
< 0.0 : FWHM of a Gaussian momentum distribution

WHAT(3) specifies the beam divergence (in mrad): 
> 0.0 : width of a rectangular angular distribution for a beam directed along the positive z-axis
< 0.0 : FWHM of a Gaussian angular distribution for a beam directed along the positive z-axis

WHAT(4) >= 0.0: If WHAT(6)> 0.0, beam width in x-direction in cm for a beam directed along the positive z-axis. The beam profile is 
assumed to be rectangular. If WHAT(6) < 0.0, WHAT(4) is the maximum radius of an annular beam spot. 

< 0.0 :  FWHM of a Gaussian profile in x-direction (whatever the value of WHAT(6)) for a beam directed along the 
positive z-axis

WHAT(5) >= 0.0: If WHAT(6)> 0.0, beam width in y-direction in cm for a beam directed along the positive z-axis. The beam profile is
assumed to be rectangular. If WHAT(6)< 0.0, WHAT(5) is the minimum radius of an annular beam spot.

< 0.0 : FWHM of a Gaussian profile in y-direction (whatever the value of WHAT(6)) for a beam directed along the positive 
z-axis

WHAT(6) < 0.0: if positive, WHAT(4) and WHAT(5) are interpreted as the maximum and minimum radii of an annular beam spot. If
negative, they are interpreted as FWHMs of Gaussian profiles as explained above, independent of the value of 
WHAT(6).

>= 0.0: ignored
SDUM = beam particle name. For heavy ions, use the name HEAVYION and specify further the ion properties by means of 

option HI-PROPE. In this case WHAT(1) will mean the energy (or momentum) PER NUCLEAR MASS UNIT, and not the total
energy or momentum. The light nuclei 4He, 3He, triton and deuteron are defined with their own names (4-HELIUM, 3-
HELIUM, TRITON and DEUTERON) and WHAT(1) will be the total kinetic energy or momentum. 

BEAM



Heavy ions transport
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HI-PROPE

RADDECAY

IONTRANS
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Magnetic field
Sets the tracking conditions for transport in magnetic fields and possibly defines a homogeneous 
magnetic field

WHAT(1) = largest angle in degrees that a charged particle is allowed to travel in a single step

WHAT(2) = upper limit to error of the boundary iteration in cm (minimum accuracy accepted in 
determining a boundary intersection). It also sets the minimum radius of curvature for stepping 
according to WHAT(1) 

WHAT(3) = minimum step length if the step is forced to be smaller because the angle is larger than 
WHAT(1). 

WHAT(4) – WHAT(6): = Bx, By, Bz components of magnetic field on the coordinate axes (in tesla). If Bx
= By = Bz = 0.0: a user-supplied subroutine MAGFLD (see routines lecture) is assumed to provide the 
actual values 

SDUM : not used

Magnetic field tracking is performed only in regions defined as magnetic field regions by command 
ASSIGNMA (see later). It is strongly recommended to define as such only regions where a non-zero 
magnetic field effectively exists, due to the less efficient and accurate tracking algorithm used in 
magnetic fields. 

MGNFIELD



Seed, Start & Stop
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RANDOMIZ

START
STOP



Geometry
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Combinatorial geometry
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Bodies
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Bodies: planes

25

PLA

YZP

XYP
XZP



Bodies: parallelepipeds & spheres
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RPP SPH



Bodies: cylinders
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RCC

XCC

ZCC
YCC



Regions
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Regions: boolean zone expressions
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Regions: the black hole
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Materials
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Materials
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MATERIAL
COMPOUND
ASSIGNMA



Materials
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MATERIAL

COMPOUND

ASSIGNMA



Scor ing
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FLUKA estimators
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F l a i r :
t h e  u s e r  i n t e r f a c e
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Flair
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To open Flair in a command line:
flair

To open a specific input:
flair inputname.inp

To open a specific project:
flair projectname.flair



Check & modify the input
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Input Running
throug the 
input 

Access to manual: 
select the card of 
interest ad press F1



Have a look at the geo
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Change
the display 
(ex. 2D, 3D)

Save images

View (ex, x-z, 
y-z…)



R u n n i n g F LUKA
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How to run FLUKA: command line
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How to run FLUKA: Flair

42

Start the run

No. of run
and cycles

Control the run status



Tips & tricks

CHECK FLUKA DURING THE RUN MAKE A CLEAN STOP OF THE RUN
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FLUKA output files
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For example, in FOOT 
simulation the main
output file is a txt file 
[.dat] containing all the 
quantities of interest


