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Short history
 Born for SPS construction, as a code mainly for shielding. 

 Overhauled (..like WA104?) starting 1989

 Now a complete package for full simulations, still evolving

 In the next slides, a few steps in this evolution, with examples of 
comparisons with exp. data

 For more: www.fluka.org

 For fun: www.youtube.com/user/Flair4Fluka
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http://www.fluka.org/


Atlas: backgrounds and  testbeams(1989- 1998)
 Work on low energy neutrons, low energy hadrons, muons, multiple scattering…
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In particular: development of 
the PEANUT package for 
interactions in nuclei
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Pion absorption examples

Pion absorption cross 
section  on Gold and 
Bismuth in the  resonance 
region (multibody 
absorption in PEANUT)

Emitted proton spectra at 
different angles , 160 MeV + 

on 58Ni
Phys. Rev. C41,2215 (1990)
Phys. Rev.  C24,211 (1981)
Proton spectra extend up to 
300 MeV
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Around 1993:
The low energy 
hadronic 
interaction part 

part goes in 
GEANT3, (those 
old enough will 

remember geant-
fluka,  also 

GCALOR used it)



More low energy pions
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Calibration in electron scale (e/ correct), electronic noise added

Proc. of Calor96 

Same algorithm for all charged particles and all energies

300 GeV  in the ATLAS comb. calo test beam

 Study of muon dE/dx and muon bremsstrahlung in the ATLAS Accordeon + TILE 
prototypes
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End of 90ties: cosmic rays and neutrinos
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User-ready module with primary  
spectra, geomagnetic field, 

atmosphere layers
Start the work on ion-ion 

interactions

Around 2003: interface in 
CORSIKA for E<50 GeV 
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Negative muons at floating altitudes: CAPRICE94

Open symbols: CAPRICE  data 

Full symbols: FLUKA

primary spectrum normalization ~AMS-BESS 

Astrop. Phys., Vol. 17, No. 4 (2002) p. 477

28-6-2016
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L3 Muons exp. data

FLUKA simulation

Vertical Horizontal

(S.Muraro, PhD thesis Milano)

28-6-2016
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Comparison with AMS data 
Protons and leptons  below the geomagnetic cutoff have been measured by the AMS experiment at 

altitudes 370-390 Km,  latitude  ±51.70  Astrop. Phys. 20,221 (2003)

Downgoing proton flux, simulation(solid line) AMS data(triangles). M is the geomagnetic 
latitude in radians28-6-2016



Up to now..
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Antiproton prod.



Neutrino beam(s)
 CNGS: design of the beam line, engeneering, radiation protection, neutrino fluxes

 CERN-AB-Note-2006-038 , EDMS No. 745389

 Fluxes available at http://www.mi.infn.it/~psala/Icarus/cngs.html
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D. Autiero et al. / Nuclear 
Physics B (Proc. Suppl.) 188 
(2009) 188–190

Muon
pits

http://www.mi.infn.it/~psala/Icarus/cngs.html
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+ + p   Ch+/Ch- + X (250 GeV/c)

Inelastic hN interactions: examples

+ + p   + + X (6 & 22 GeV/c)

6 GeV
22GeV

M.E. Law et. Al, LBL80 (1972)

Connected points: FLUKA
Symbols w. errors : DATA 

Positive 
hadrons X2

Negative  
hadrons 

Dots: Exp. Data
Histos : FLUKA
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Nonelastic hA interactions at high energies: examples

Recent 
results 

from the 
HARP 

experiment
12.9 GeV/c 

p on Al
+ 

production
at 

different 
angles

Double differential +  production 
for p C interactions at 158 GeV/c, as 

measured by NA49 (symbols) and 
predicted by FLUKA (histograms)
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Other neutrino beams
 MINOS: “The simulation of neutrino production and detection is accomplished with a 

model of hadron production in the target using FLUKA [15] and a GEANT3 [16] 
simulation of the beam line and detector” PRL 101, 131802 (2008)

 T2K “We use the FLUKA 2008 package [12,13] to model the interactions of the 
primary beam protons and the subsequently produced pions and kaons in the graphite 
target.” PHYSICAL REVIEW D 91, 072010 (2015)
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Nucleon Decay
 Proton decay generator implemented for the ICARUS T1800 proposal (spsc-p-323)

 Uses all the details of the nuclear models in FLUKA
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“The atmospheric neutrino flux has been 
computed by several groups. We take results 
from the FLUKA group [78] “

“we will use the yields from 
FLUKA to estimate (cosmog.) 
backgrounds. “

“The nuclear effects, the distortions of the 
energy and momentum distributions due to 
Fermi motion (since the recoil nucleus is not 
measured), and the reinteraction of decay 
particles with the nucleus have been treated 
with the FLUKA package”. 

p → e+π0

JHEP 04 (2007) 041

We thank P. Sala for help 
with FLUKA while she was an 
ETH employee.



User interface 
 Input parameters and geometry given with datacards

 Broad set of built-in estimators allow to get results without coding ( energy 
depositions on mesh, energy/angle fluxes and many more

 Templates for user routines provided for specific needs, from source to biasing to 
scoring (yes, they are in fortran, but nobody prevents to plug in C or C++ code.

 NO physics lists. Only one model for each process/energy range. 

 = very easy-to-use for “basic” users 

 = very flexible for advanced users

 =-> reproducible results

 Since 2005: distributed on web-site, discussion mailing list, user courses

 www.fluka.org
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Flair: user Interface
…

 Everything can be managed with a few clicks 

from Flair, powerful graphical interface!
 Geometry input, debugging, visualization (2D/3D)
 Material, physics, scoring input
 Run submission and management
 Analysis and plots of the results
 Patient CT scan import

… with no programming skill or file editing requirement! 
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Graphical Geometry 

Editor/Debugger

Running / Processing / Analyzing

Running

on multi-cores

Hypertext

FLUKA ManualFLAIR main application window

Input creation 

Gnuplot output

Videos available: 
www.youtube.com/
user/Flair4Fluka

http://www.fluka.org/flair/ss-plot.html
http://www.fluka.org/flair/ss-plot.html
http://www.fluka.org/flair/ss-material.html
http://www.fluka.org/flair/ss-material.html


Overlay of geometry and drawings
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Neutrino interactions in FLUKA: NUNDIS

M. Antonello, G. Battistoni, A. Ferrari, M. Lantz, P. Sala, G. Smirnov

1997: QE in the fLUKA nuclear environment
2000 NUX-FLUKA (no longer active)
2008: NUNDIS: DIS + Resonances



Low energy and single pion 
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New  low-mass chain treatment-> improvements in the RES-DIS transition  

μ+p ->μ- +p++

28-6-2016 ProtoDune workshop



Comparison with data on total cross section

2228-6-2016 ProtoDune workshop

Isoscalar
µ - Nucleon total 
CC cross section
Fluka (lines) with 
two pdf options
Vs
Experimental data



Nuclear effects in Minera
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C

Fe

Pb

E Bjorken x
28-6-2016 ProtoDune workshop

Beam: µ NuMi Low Energy (average 4 GeV)
Main Target : CH

Measured also with C, Fe, Pb targets
PRL 112, 231801 (2014)

Here: ratio of cross sections / the one in CH

Left: total CC vs neutrino Energy : 
squares: data
crosses: FLUKA

Right: d/dx
symbols: data  histos: Fluka
expt: reduction at low x  and 
enhancement at   high x with incr. A
Fluka: fails the highest x  (same for 
Genie)



MB and Minerva
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MB
Data : dots
Black: no FSI
Red : with FSI

Minerva

Dytman

MiniBoone : CH2, E 0.8 
GeV, cut on single pion, 
PHYS. REV.D 83, 052007 

(2011)
Minera : CH, E 4 GeV, 

cut on W<1.4
arXiv:1406.6415v3 (2015)

Tension betw the two 
data sets vs models/ 
extent of  FSI 
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The 50l LAr TPC in the WANF 
neutrino beam(1997) 

Trigger and 
reconstruction: NOMAD

Event selection: “GOLDEN sample”
= 1  and 1 proton >40MeV fully contained

Phys.Rev. D74 (2006) 112001
28-6-2016
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 from 400 QE – golden fraction 
16%

 background – additional 20%

finally expected

80±9(stat.)±13(syst. mainly 
QE fraction and beam simul)

to be compared with 86 events 
observed

Very good consistency with 
expectations

28-6-2016

Note: here DIS and RES 
from old coupling with the 
NUX code (A. Rubbia)



CNGS data
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Distribution of total 
deposited energy in the 
T600 detector
CNGS numuCC events
Same reconstruction in MC 
and Data
Neutrino fluxes from 
FLUKA cngs simulations

Absolute agreement on 
neutrino rate within 6%



Nundis: Conclusions and perspectives
 A neutrino event generator (NUNDIS) is implemented in FLUKA

 QE, RES, DIS interactions

 Hadronization as for hadronic interactions in FLUKA 

 Nuclear effects from the FLUKA nuclear models

 Encouraging comparisons with expt data

 More has to be done:

 Coherent pion production

 Coherent effects (see high x in Minerva and proton pairs in Argoneut)

 More coherent / nuclear structure effects for low energy QE 

 Meson exchange in QE (high x in Minerva)

 Radiative corrections in DIS (ongoing)

 ..nobody likes Rein-Sehgal..

 Comparisons against data

 !
28-6-2016 ProtoDune workshop 28



Medical applications: the growing application
 Hadrontherapy and conventional therapy

 Automatic imptort of CT scans, Region of interest, TPS

 Major Treatment Planning System vendors have bought FLUKA licenses

 Further work on dE/dx

 Further work on low energy ion-ion  generator

 Prompt gamma production for imaging

28-6-2016 ProtoDune workshop 29



Flair/FLUKA interface: superimposing results to CT images

Dose
2 Beams b+ Activity

1 Beam

  Emission Map
1 Beam

30

Now fully operational and distributed (since May 2013)

2D projections

28-6-2016 ProtoDune workshop



LHC and other accelerators 

June 14th, 2012 Paola Sala, Varenna2012 31

BLM response along triplet right of IR5
• BLM dose per collision assuming CMS luminosity measurement and 73.5 mb
proton-proton cross-section (from TOTEM)
• Discrepancy possibly due to geometry model (e.g. interconnections are not 
modeled in detail)

3.5+3.5 TeV



Radiation protection
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Prompt and delayed dose  
calculated online
Prediction of residual 
(radioactive) nuclei: nuclear 
models again

This chapter summarizes the legal Radiation 
Protection (RP) framework to be considered in 
the design of HiLumi LHC. 

: http://dx.doi.org/10.1142/9789814675475_0011

http://dx.doi.org/10.1142/9789814675475_0011


Radiation damage to electronics and materials
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The New Radiation test facility at CERN: CHARM April 28th 2014

FLUKA Calculations & R2E
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Critical areas in the accelerator

Study of mitigation options 
(shielding, relocation)

Radiation field studies

Characteristic spectra

Monitoring and calibration

Benchmarking

Cross check calculations 
(often within 20% accuracy!)

Determine safety margins

Test facility design

Starting from the first idea

Implementation studies

Constraints 
(radiation protection, shielding, handling, etc.)

Modelling of Radiation Effects

Device/Technology studies

R2E==
Radiation

To
Electronics

At 
CERN

The project aimed at 
making LHC 

operations robust wrt
radiation effects on 
electronics (a few 

tens of MCHF)

Radiation damage to 
electronics and 

materials,
Online estimators



The FLUKA international Collaboration
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