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Four software generations, preparing for the fifth

PROGRAM NAME : FLUKA

FUNCTION : Calculation of energy deposition and star densities
in a cylindrical block.

From 2003 until August 2019 maintained and developed

under a CERN & INFN agreement
- e | www.fluka.org
N

Born in the 60’s at CERN thanks to Johannes Ranft and developed in
the 70s (I) and 80s (ll) in a collaboration between Leipzig University,
CERN and Helsinki University of Technology

EXAMPLE OF CONTROL AND DATA CARDS

X55HF ,T300, FLiumATNRLT

From December 2019, new CERN distribution (IV) aiming to
ACCUNMT KAYE ,nIv,0G000y,

A YAS S B e ensure FLUKA's long-term sustainability and capability to meet
d L) 5.

PR PR e i e the evolving requirements of its user community, welcoming
LOAR, BMAIN,BL85CA, . . . .

EXECITE S, PLed000 contributions by both established FLUKA contributors as well
ExIT, Pgp . . .

END DF RECORD Labii as new partners within an international collaboration.
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FLUKA.CERN collaboration

V8 -2024/5

Collaboration Board (CB)

MEMORANDUM OF UNDERSTANDING

FOR Scientific Advisory Committee (SAC)

THE DEVELOPMENT, MAINTENANCE AND

DISTR::TION Joint development & management team based in the CERN Accelerators and
A Technology Sector and Radiation Protection Group, at ELI-Beamlines ERIC
(the “MoU") (Prague) and [pending MoU signature] FNAL, with contributors from the CERN
SETWEEN Research and Computing Sector, JRC-Geel, ANL, BNL, and STFC, is in place.
THE EUROPEAN _OR(_EA]::]IZAT[ON FOR NUCLEAR R_ESt::ARC]I_ ("(;ERN”
:{ CE}-.Ec ‘I:Iac:sst ﬁizg::f.;iﬁ,mn ), an Intergovernmental Organization having its seat WP1 ACTIVITY M AN AGEMENT

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

THE MEMBER INSTITUTES OF THE COLLABORATION (the “Member
Institutes”)

hereinafter referred to individually as a "Party” or collectively as "Parties”; W P2 Co D E D EVE LO P M E NT

CONSIDERING THAT: (Vasilis Viachoudis & Francesc Salvat Pujol, CERN ATS-SY-STI)
. .CERN, a fully i rticle physics - imulation

" Lotar packige with multple applcaion n igh enrgy experimenta WP3 CODE DEVELOPMENT SUPPORT

physics, as well as in engineering, shielding, detector and telescope design,
cosmic ray studies, dosimetry, medical physics and radio-biology, results

from work performed by multiple contributors, induding Alberto Fasso, ( Robert Froesch! & Markus M//dOfS/(// CERN SO-H. SE_RP)
Alfredo Ferrari, Johannes Ranft, and Paola Sala.

B. To a significant extent, FLUKA.CERN was developed by a collaboration
of CERA and the Italian National Institute for Nuclear Physics (“INFN"). WP4 USER SUPPORT

Accordingly, copyright in developments to FLUKA.CERN made until
31 August 2019 is vested in the INFN and CERN jointly, while copyright

in further developments made as of 1 September 2019 is vested in CERN. ( Roberto Versaci & David Horva th/ ELI Beam /lnes)

& FLUKA :



Licensing Scheme

Registration options giving access to:

FLUKA Single User License Agreement binary code

Affiliates of institutes with a FLUKA Institutional License Agreement ) STFC
source code

CERN Staff members and Fellows

Affiliates of institutes which signed the FLUKA Memorandum of Understanding development version

Companies which purchased a FLUKA Commercial License Agreement binary code

5000

! effective
4500 - 50 per month

They are granted for non-military use only 4000} 60 per month
3500

Licenses are free except for commercial use
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Recent developments

FLUKA 2011-3 released on December 2019

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;

FLUKA 4-0 released on June 2020
FLUKA 4-0.1 released on August 2020
FLUKA 4-1 released on November 2020

new generation source routine for users.

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

FLUKA 4-1.1 released on February 2021
FLUKA 4-2 released on October 2021

ICRP116 and ICRU95 dose equivalent conversion coefficients; simplified out-of-the-box £ /x4 4-2. 7 refeased on December 2021

usage of multiple magnetic fields.

Point-wise treatment for low-energy neutron interactions; synchrotron radiation
emission during charged particle tracking.

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

Proton nuclear elastic scattering improvement at low energies; gamma cascade
improvement for thermal neutron capture; (d,2n) improvement on heavy targets.

FLUKA 4-4 released on February 2024
FLUKA 4-4.1 released on July 2024

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

Automatic Importance Biasing; major extension of correlated gamma emission spectra

FLUKA 4-5 released on February 2025
FLUKA 4-5.1 released on September 2025

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

FLUKA 4-5.2 released on May 2026

& FLUKA



The most recent references
New Capabilities of the FLUKA Multi-Purpose Code
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Quality assurance

Gitlab
Continuous
Integration
(C1)

Tests during
development

Specific test FLUKAVAL for
campaigns for (release) Deployment

Can be used for new features validation

designing future
validation test -
case

, in groups for
*On request, oSuite of test real-life
mainly for large cases with applications

features automatic bet '
execution and erore release

analysis

eSuite of
execution tests
run at every
pushed commit

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

FLUKA User Forum
https://cern.ch/fluka-forum

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

Beginner and advanced courses are held on a regular basis

across the world
FLUKA Advanced Course 2025
ALBA Synchrotron, Barcelona

Topical courses (so far on Radiation Protection matters) hae
been initiated: the next one at DESY in September

Announcements 1/ wesk

As of December 2019, this discussion list represents the
official forum for users of the FLUKA Monte Carlo code
and its graphical user interface Flair, distnbuted by the
European Organization for Muclear Research (CERM).

Installation 1/ wesk

Category for questions related to the installation of FLUKA
and Flair.

Flair 1/ week

Category for gquestions related to the graphical user
interface Flair.

Running and Runtime Errors 4 | wesk

Category for gquestions related to running FLUKA and
Flair.

Source Definition 220

Category for gquestions concerning built-in scurce opticns,
like particle beams, hadron-hadron colisions or isotropic
SOUCES.

Geometry and Materials 3/ mesk

Category for matenal and geometry-related questions
including topics like transformations and lattices.

Scl:lrirlg 2 | wesk

Category for questions related to built-in scoring options.

Physics, Transport and Magnetic Fields 2

Category for physics-related questions, as well as
questicns on transpert and magnetic field settings.

Advanced Features and User Routines 2 i mesk

Category for gquestions on biasing, user routines, and
other advanced features.

FLUKA - Geant4 Interface 2

Cluestions on the FLUKA-Geantd interface, which gives
access to the FLUKA hadron inelastic interaction
treatment from any Geant4 application.

FLUKA papers 1/ mesk

This category offers the FLUKA .CERN users the
possibility to share their published papers and

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

¥ Release of FLUKA 4-4.1

B Announcaments

& ® IMPORTANT: Registration and
@ package download FAQ
B In=taliation

S 'Water HVL with iodine131
B Fhysics, Transport and Magnetic Fields

CJHow to read Fluka Output file
M Running and Runtime Emors

= Fluka can implement a for loop’ 7
like C++

B Running and Runtime Emors

the USREDX output?

gy
W Scoring

-1 Error with DISCARD card
M Running and Runtime Emors

@ T How to understand the tab lis file of

= **** No/unknown default specified,
run stopped **+**
B Rumning and Runtime Emors

C1 Getting a floating point error when
running the example
M |nstallstion

@

= Particle age sampling- difference
- &5 between the sampling source and the
ﬁ' output

M Advanced Features and User Routines

& Using mgdrawf for photon source
B Adwanced Faatures and Uszer Routines

= Error: in position *** is now causing
o trouble, requesting a step of ** cm

B Geometry and Matenials



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

Flair

https://flair.cern

& flair by CERN

Advanced graphical user interface for p@mde snmulatrion pmgmms

Authors Features
. authors: Vasilis Vlachoudis (lead author) e modern and intuitive design
" Christian Theis * Input editor for error free inputs
) Wioletta Kozlowska * Interactive geometry editor, photorealistic

ray tracer and debugger
e run and monitor the simulation

Current Version e back-end for post-processing of results
e [latestversion: 3.4-5.3 e |/O of other simulation formats
e Released on: Tue 26-May-2026 (MCNPX,GDML,...)
e Powered by python3, tkinter, gnuplot, e Medical file importing, DICOM, RT-
pydicom PLAN,DOSE,...

Head CT with PET CT dose distribution

e extended material library



https://flair.cern/

LineBuilder

LineBuilder is a Python program designed to dynamically assemble FLUKA models of accelerator beam lines. It automatically configures element positions,

magnetic fields, and scoring definitions, while allowing users to specify detailed geometric features such as collimator apertures, element tilts and

misalignments, beam pipes, and tunnel geometries.
At CERN, it has been widely used for beam-machine interaction studies, notably for the LHC and SPS.

BRI

2 g2 HE—

jlEmE e

3D rendering of LHC Insertion Region 7 (IR7)

[A. Mereghetti et al.,
LineBuilder Single User Licence Agreement (academic or educational use) IPAC2012, WEPPDO71, 2687]

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.

& FLUKA
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FLUKA capabilities

« hadron-hadron and hadron-nucleus interactions * synchrotron radiation emission
 nucleus-nucleus interactions (including deuterons!) * coherent effects in crystals (channelling)
 photon interactions (>100 eV) * magnetic field, and electric field in vacuum
» electron interactions (> 1 keV; including electronuclear) ¢ combinatorial geometry and lattice capabilities
« muon interactions (including photonuclear) » unstructured meshes from CAD models
* neutrino interactions + voxel geometry and DICOM importing
* low energy (<20 MeV) neutron interactions - analogue or biased treatment
* particle decay « on-line buildup and evolution of induced radioactivity
* jonization and multiple (single) scattering (including all and dose
ions down to keV/u) * built-in scoring of many quantities (..., DPA, eq. dose)

v'Radiation protection (shielding design, activation)
v'Dosimetry

v'Radiation damage

v'Radiation to electronics effects

v'ADS systems, waste transmutation

v'"Neutronics

v'Accelerator design
v'Particle physics
v'Cosmic ray physics
v'Neutrino physics
v"Medical applications

In support of a
wide range of applications




Unstructured meshes utils L
Unstructured meshes mini guide

e Unstructured meshes are supported from FLUKA v4-5.0 onward. Please have a look at our general guide on the matter here.

Table of contents

Blender
¢ 1. Introduction

MeshLib m o 1.1. Glossary
\ o 1.2. Getting started
FLUKA_mesh_fix.py o 1.3. Basic suggestions for CAD model preparation
FreeCAD
e 2. Basic requirements for 2D and 3D meshes

o 2.1. Fixing problematic 2D meshes

e 3. Generation
* Anecessary pre-requisite is the conversion of your CAD geometries into an unstructured mesh format which can be digested by FLUKA.

While a range of open-source and commercial tools is available to perform such a conversion (such as Ansys), we provide a script to help you convert your o 3.1. Overview

CAD geometry and trouble-shoot potential issues. The script directly makes use of open-source tools. It is available for download in the geom_mesh_utils o 3.2. 3D meshing via Gmsh API
package below, along with a set of geometries examples. o 3.3. Guide for the meshing script
Download: geom_mesh_utils.tar.gz o 3.4. Guide for meshing in Ansys

* 4 Application

o 4.1. Single mesh

o 4.2. Multiple meshes

o 4.3. Lattice of UMESH

o 4.4, Scoring inside mesh

ICRP P145 phantom

* 5. Troubleshooting
12
7

4
4
10 15
13
3 3
6 L]
1
1 5 2

(a) Tetrahedron

(b) Pentahedron (¢) Hexahedron
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Neutrons

(13 b} -
Below 20 MeV (“low energy neutrons™ in Below ~eV energies, cross sections become

FLUKA slang), cross sections exhibit a rich s :
structure of resonances that no effective sensitive to local atomic arrangement, neutrons

model can describe in a systematic way. One scatter coherently on molecules / crystal lattice,
must resort to evaluated nuclear data (for both  calling for the use of thermal scattering laws S(a,[3,T):

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
FLUKA interface to NCI'yStaI - About ~50 scattering environments available, at fixed T

under development - 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

<> NCRYSTAL Mat: CARBON v Elimit:
cfg: C_sg194_pyrolytic_graphite.ncmat;temp=20C

Mat: FLUKA material
E,iit: transition limit, default = 5 eV
cfg: NCrystal configuration string

& FLUKA 14




Radiation damage estimation

DPA: displacements per atom. Key quantity: number of ion-hole pairs per knock-on atom, N(T).
Industry standard: NRT model (old binary collision simulations — no effort to account for recombination)

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

NATURE COMMUNICATIONS| (2018)9:1084 0 T.<E Norgett Robinson-Torrens
1 1 1 3 d<Ld - -
Improving atomic displacement and replacement 26y (NRT)
| | . . h h . ” |. . d Nd,arcdpa(Td) = 1 3 Ed<Td<ﬁ
calculations with physically realistic damage 0.8T4 (1) 28y o . 0 T4<E4
SE. Sarcdpa ) 08 oo ’
models 2B Sarcdpatid 08 = 7¢ Na(Ty) = [ 1, Eg<Tu< %-Eg]
Kai Nordlund® ", Steven ). Zinkle® 23, Andrea E. Sand® ", Fredric Granberg® !, Robert S. Averback®, 1 — Carcdpa Barcipa 0.8Ty 2E4
Roger Stoller3, Tomoaki Suzudo® >, Lorenzo Malerba®, Florian Banhart’, William J. Weber@® 38, zaerPa(Td) = bpmd a Td ) + Carcdpa ZE"d ’ O'éi <Td<00
n (2E4/0.8) 7

Francois Willaime® °, Sergei L. Dudarev 10 & David Simeone

800 MeV protons in W

5x1021

T
DPA-NRT ———
arc-DPA ———

4x10°4 -

3x1021 -

DPA

2x1021 -

1x1021 -

Z[cm]




Muons

2,050
301
200MIP1 (ATLAS) SND@LHC
SCORING PLANE experi ment
100
] g e
U -~ —20:—
I 00 or
-10¢ 0:1Q:Q: 2D A D, | O -
60—
. w E
00 955 G0 ase 400 480 800 850 ';Ic'rﬁ?o
401
-500)
7000 o L0000 20000 30000
— 4 202
Table 2 SNDQLHC muon background during the 2022-2023 202 025
Run-3 years: measured and simulated rates at Pexp (Hz) 557 £ 1 1154 + 2 799 £ 1
L£L=2x10% ecm—2s~ !, with respective statistical un- duvc (HZ) 500 + 17 1008 +£ 35 907 + 40

certainties, and percentage differences. ) -10% -12.5% +13.5%




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.




Towards the next FLUKA (v5) generation [lI]

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.

P -
-
-

FLUKA 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

In parallel, the following physics modules were / are being migrated:

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).




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 &
nawgatlon scorlng, blasmg .). Compatibility with FLUKA auxiliary tools (e.g. LineBuilder).

& showr & Move Up  [*all*
Q Comment~

Statew 47 Edit Card  § Move Down

D # Preprocessor v X Delete
@ Material v (% Change ¥

Paste Ha Copy OH Saver 3 Export v Addw mclone

# Preprocessor v ) Delete B show~ i Move Up  *all*

@ Material v {@change » Q Comment~ |

statew G Edit Card  § Move Down

Input - fajinput < @ | G Input FileName | %/ Input FileName
v I @ General = 1 1 1 1 t t . . I I ¢ General U CELL L1 SCORE parerl voia v il G4 _Galactic ¥ 1
Mat(Decay,. ¥ Ste,.. Fiels. v a b b $%Prima expr: +score
b #Prima o . e utomatic (lrreversioie Y : pr: _ _
D#G v <> ASSIGNMAT _ CLECZIEIY HEIF WAER G BltezE v I g Geometry [tally/file filename: unit21_1 v format: binary v
g Geometry Mat(Decay): v Step: Field: v . . b @ Media © MESH.CYLINDER cylinder 1 =
DOMed]a .7 ASSIGNMAT Mat: VACUUM v Reg: SCORE ¥ to Reg: ¥ conversion by Flalr . Axisnr 240 Rmax: 30.0 e @
1> ®scoring Mat(Decay): ¥ Step: Field: v I #&Physics S Mt s -
= USRBIN Unit: 21 BIN v Name: energy I mpTransport PRIAXIS: . . N
Type: R-®-Z v Bmin: 0.0 Rmax: 30. NR: 240. b WScoring zAxis.nz: 180 Zmin: -22.5 Zmax: 22.5 unit: cm
part: ENERGY v X Y: No: 240 rotateX.angle: Unit: v
Zmin: 0.0 Zmax: 45. NZ: 180. rotateY.angle: Unit: ¥
= USRBIN Unit: 21 BIN v Name: neutron rotateZ.angle: Unit: »
Type: R-O-Z ¥ Rmin: 0.0 Rmax: 30. NR: 240. translate.dx: 0 dy: 0 dz: 22.5 Unit: cm ¥
part: NEUTRON ¥ X: ¥: ND: 240 ®F MESH_ENERGY energy Unit: GeV
Zmin: 0.0 Zmax: 45. NZ: 180. particle:
Water moderato nom: Unit:
W USRTRACK unit: 22 BIN ¥ Name: neutron ® MESH_FLUENCE neutron_n Unit: cm
Type: Log ¥ Reg: WATER w Vol: sarticle: neutron
Part: NEUTRON v  Emin: =1e-3*eV Emax: 1 Bins: 120 part - Unit:
Target region el uE ik
W USRTRACK unit: 23 BIN ¥ Name: neutron
Type: Log v Reg: TARGET v Vol: TS TooTTTmTmmm T
Part: NEUTRON ¥ Emin: =1e-3*eV Emax: 1 Bins: 120 Scoring
W USRTRACK Unit: 23 BIN v Name: proton /| TS oSS Sosso--sosossoes
Type: Log v Reg: TARGET v Vol: [tally/file filename: unit22 v format: v
Part: PROTON v Emin: =1*keV Emax: 20 Bins: 100 {» VOLUME WATER v
Score region - track length norm: 1 Unit: cm3
L USBrTRAEK o scoRE unit: 24 BIN v Nar\T{we: ni?;im"qo*q Water moderato
ype: Log ¥ eg: v ol: =4/3*pi =gt .
part: NEUTRON v Emin: =le-3*eV  Emax: 1 Bins: 120 add |t|0na| daccess tO k4 v?;!’?:?;:&:’DE‘NCE neutron Uitk fema/Gev
Score region - boundary crossing u . — N
4 USRBDX Unit 25 BINY  Name: flux Gea nt4 phys|cs lists o e Wi
Type: ®2,LogE,LinQ ¥ Reo: SCOREY o Reg: VOID ¥ Area: =4*pit10¥+2 = DIFFERENTIAL_IN
Part: NEUTRON ¥ Emin: =1le-3*eV Emax: 1 Ebins: 120 differentialin.var: energy v og: log ¥ bins: 120 min: 1.E-12




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.




& FLUKA
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