
RAL – Ju n e  2 ,  2026

FLUKA developments

Francesco Cerutti 

   on behalf of the FLUKA.CERN Collaboration



Outline

• FLUKA (yesterday and) today

• some highlights

• FLUKA tomorrow
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Four software generations, preparing for the fifth
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Born in the 60’s at CERN thanks to Johannes Ranft and developed in 

the 70s (I) and 80s (II) in a collaboration between Leipzig University, 

CERN and Helsinki University of Technology

From 2003 until August 2019 maintained and developed 

under a CERN & INFN agreement

and in the 90s (III) with INFN, namely 

for the design of SSC and LHC 

From December 2019, new CERN distribution (IV) aiming to 

ensure FLUKA's long-term sustainability and capability to meet 

the evolving requirements of its user community, welcoming 

contributions by both established FLUKA contributors as well 

as new partners within an international collaboration.

https://fluka.cern 

www.fluka.org 

https://fluka.cern/
http://www.fluka.org/


FLUKA.CERN collaboration
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Collaboration Board (CB)

Scientific Advisory Committee (SAC)

WP1 ACTIVITY MANAGEMENT  

 (Francesco Cerutti & Philippe Schoofs, CERN ATS-SY-STI)

WP2 CODE DEVELOPMENT    

 (Vasilis Vlachoudis & Francesc Salvat Pujol, CERN ATS-SY-STI)

WP3 CODE DEVELOPMENT SUPPORT   

 (Robert Froeschl & Markus Widorski, CERN SO-HSE-RP)

WP4 USER SUPPORT     

 (Roberto Versaci & David Horvath, ELI Beamlines)

Joint development & management team based in the CERN Accelerators and 

Technology Sector and Radiation Protection Group, at ELI-Beamlines ERIC 

(Prague) and [pending MoU signature] FNAL, with contributors from the CERN 

Research and Computing Sector, JRC-Geel, ANL, BNL, and STFC, is in place.



Licensing Scheme
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Registration options

FLUKA Single User License Agreement

Affiliates of institutes with a FLUKA Institutional License Agreement

CERN Staff members and Fellows

Affiliates of institutes which signed the FLUKA Memorandum of Understanding

Companies which purchased a FLUKA Commercial License Agreement

source code

development version

giving access to:

Licenses are free except for commercial use 

They are granted for non-military use only

 

binary code

binary code

2020

2023

2024

2022

202620252021

STFC



Recent developments
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Coherent transport effects for charged particles in bent crystals; electric field in 

vacuum; electronuclear reactions; direct (p,n) reactions.

Compound nucleus spin and parity accounted for in evaporation and Fermi break-up; 

new generation source routine for users.

Low-energy deuteron interaction model; proton reaction cross section refinement; 

ICRP116 and ICRU95 dose equivalent conversion coefficients; simplified out-of-the-box 

usage of multiple magnetic fields.

Point-wise treatment for low-energy neutron interactions; synchrotron radiation 

emission during charged particle tracking.

Proton nuclear elastic scattering improvement at low energies; gamma cascade 

improvement for thermal neutron capture; (d,2n) improvement on heavy targets.

Support for unstructured-mesh geometries (externally generated from CAD models); 

Automatic Importance Biasing; major extension of correlated gamma emission spectra 

from thermal neutron capture; inclusion of physics modules migrated to v5

FLUKA 2011-3 released on December 2019

FLUKA 4-0 released on June 2020

FLUKA 4-0.1 released on August 2020

FLUKA 4-1 released on November 2020

FLUKA 4-1.1 released on February 2021

FLUKA 4-2 released on October 2021

FLUKA 4-2.1 released on December 2021

FLUKA 4-2.2 released on March 2022

FLUKA 4-3 released on September 2022

FLUKA 4-3.1 released on December 2022

FLUKA 4-3.2 released on March 2023

FLUKA 4-3.3 released on May 2023

FLUKA 4-3.4 released on September 2023

FLUKA 4-4 released on February 2024

FLUKA 4-4.1 released on July 2024

FLUKA 4-5 released on February 2025

FLUKA 4-5.1 released on September 2025

FLUKA 4-5.2 released on May 2026



The most recent references

7



Quality assurance
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• Multi-layered testing strategy

• Dedicated validation suite, called FLUKAVAL, with several hundreds test cases and detailed reports prior to 

public release

• Regression checks among releases, benchmarks against experimental data, MC results inter-comparisons

• Generic infrastructure: FLUKA v4 and v5 support



User Support
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Note: an independent one-time registration is required to be able to 

participate

Beginner and advanced courses are held on a regular basis 

across the world

Topical courses (so far on Radiation Protection matters) have 

been initiated: the next one at DESY in September

https://cern.ch/fluka-forum

FLUKA User Forum

FLUKA Training

https://indico.cern.ch/category/9178

https://cern.ch/fluka-forum
https://cern.ch/fluka-forum
https://cern.ch/fluka-forum


Flair
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https://flair.cern

3.4-5.3

Tue 26-May-2026

https://flair.cern/
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From DETAILED MODELS OF ACCELERATOR COMPONENTS WITH ASSOCIATED SCORING and the ELEMENT SEQUENCE AND 

RESPECTIVE MAGNETIC STRENGTHS, as given IN THE MACHINE OPTICS (TWISS) FILES,

the AUTOMATIC CONSTRUCTION OF COMPLEX BEAM LINES, including collimator settings and element displacement (BLMs), is 

achievable, profiting from roto-translation directives and replication (lattice) capabilities.

[A. Mereghetti et al.,

IPAC2012, WEPPD071, 2687]



FLUKA capabilities
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• hadron-hadron and hadron-nucleus interactions

• nucleus-nucleus interactions (including deuterons!)

• photon interactions (>100 eV)

• electron interactions (> 1 keV; including electronuclear)

• muon interactions (including photonuclear)

• neutrino interactions

• low energy (<20 MeV) neutron interactions

• particle decay

• ionization and multiple (single) scattering (including all 
ions down to keV/u)

• synchrotron radiation emission

• coherent effects in crystals (channelling)

• magnetic field, and electric field in vacuum

• combinatorial geometry and lattice capabilities

• unstructured meshes from CAD models

• voxel geometry and DICOM importing

• analogue or biased treatment

• on-line buildup and evolution of induced radioactivity 
and dose

• built-in scoring of many quantities (…, DPA, eq. dose) 

✓Accelerator design 

✓Particle physics 

✓Cosmic ray physics

✓Neutrino physics

✓Medical applications

✓Radiation protection (shielding   design, activation)

✓Dosimetry

✓Radiation damage

✓Radiation to electronics effects

✓ADS systems, waste transmutation

✓Neutronics

In support of a 

wide range of applications
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ICRP P145 phantom
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Neutrons

Below 20 MeV (“low energy neutrons” in 
FLUKA slang), cross sections exhibit a rich 
structure of resonances that no effective 
model can describe in a systematic way. One 
must resort to evaluated nuclear data (for both 
group- and point-wise approaches). enabled by default only for HYDROGEN (assumed to be bound in 

water) and on user demand (LOW-PWXS) for other cases/materials

– Energy limit 4 eV

– About ~50 scattering environments available, at fixed T

– Format accepted: Geant4 and/or ACE (point wise)

Dynamic linking libNCrystal.so library during run time resolved 

with the ncrystal-config program

New NCRYSTAL card

Mat: FLUKA material

Elimit: transition limit, default = 5 eV

cfg: NCrystal configuration string

Below ~eV energies, cross sections become 

sensitive to local atomic arrangement, neutrons 

scatter coherently on molecules / crystal lattice, 

calling for the use of thermal scattering laws S(α,β,T):

FLUKA interface to Ncrystal

under development
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Radiation damage estimation

DPA: displacements per atom. Key quantity: number of ion-hole pairs per knock-on atom, N(Td).

Industry standard: NRT model (old binary collision simulations – no effort to account for recombination)

As of v4-3, athermal recombination efficiency (arcDPA):

Norgett-Robinson-Torrens
(NRT)

800 MeV protons in W
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Muons

SND@LHC 

experiment



17

Towards the next FLUKA (v5) generation [I]

FLUKA has reached a high level of maturity. It has been used and benchmarked for the design / construction / 

operation of accelerators over several decades. 

Nonetheless, the present FLUKA (v4) codebase, mostly in FORTRAN 77, naturally calls for:

• Improving maintainability (limit the use of modifiable shared variables; explicit variables declaration and 

initialization; modularize the code structure; etc.)

• Increasing code readability

• Profiting from modern programming languages

• Modern memory management

• More explicit error messages

We aim at improving FLUKA physics performance and its user experience, long-term maintenance, easing 

incorporation of new implementations, openness to external contributions.
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Towards the next FLUKA (v5) generation [II]

Full re-writing from scratch would be too time-consuming / leading to redundant work.

A progressive, hybrid solution was chosen:

Make use of the Geant4 toolkit. Build on top an infrastructure providing the same capabilities as FLUKA v4.

Geant4 physics models and technical capabilities are adopted when they align with those of FLUKA, 

otherwise, they are temporarily used until the migration of their FLUKA v4 counterparts is completed. 

When equivalent performance is reached, release as FLUKA v5.

 

C++ 
infrastructure

based on 
Geant4

past FORTRAN 
components

new (pw n, AIB) and 
migrated ( de-exc, FBU) 
C++ shared componentsFLUKA v4
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The migration status

The present FLUKA v5 infrastructure already grants access to current FLUKA physics modules, namely hadron-

nucleus inelastic interactions, ion-ion inelastic interactions, and pointwise treatment of low-energy neutrons 

interactions.

In parallel, the following physics modules were / are being migrated: de-excitation of excited residual nuclei by 

gamma decay, Fermi breakup of excited nuclei, nuclear fission. 

It’s not a mere language translation, rather the opportunity to thoroughly assess and document implemented 

algorithms, modularize the code and develop common utilities (helper tools, wrappers to v4 and v5 codebases, 

utilities to interface FLUKA  Geant4 worlds as for particles identification, random numbers...), improve physics 

models, fix bugs, evaluate the use of Geant4 toolkit when relevant, and improve computing performance when 

possible.

Moreover, FLUKA v5 – distributed within the Collaboration – presently supports most of FLUKA v4 geometry 

features, magnetic fields (multipoles, 2D/3D interpolated fields, user-defined fields) and extended scoring 

options (including radioactive decay modeling with irradiation profiles and cooling times, and event-by-event and 

Single Event Effects scoring).
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The future FLUKA v5
A fully integrated, ready-to-run application offering continuity to the FLUKA users, with one well-defined 

set of physics models for coupled hadronic and electromagnetic showers.

Compatibility with previous FLUKA v4 geometries and input files permitted by Flair conversion scripts and 

a technical infrastructure offering continuity with v4 features via dedicated implementations (geometry & 

navigation, scoring, biasing…). Compatibility with FLUKA auxiliary tools (e.g. LineBuilder).

automatic (irreversible) 

conversion by Flair

additional access to 

Geant4 physics lists
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Reiterated final message

FLUKA entered a new youth, with a long term perspective and productive synergies 

with other codes.

The long due establishment of a formal Collaboration has opened fruitful opportunities 

to steer, accelerate, support and benefit from the FLUKA development.
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