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FLUKA.CERN distribution

https:llfluka.cern
Code history:

HOME DOWNLOAD -~ DOCUMENTATION ~ FLAIR SUPPORT ~ FLU KA WaS born in the 60]S at CERN from
Johannes Ranft

Release of FLUKA 4-0.1
2020-08-24 -

FLUKA online training for
beginners (Sept/Oct 2020)

It’s in active development since then, where
2020-08-01 - . .
et s s e several institutes and collaborators have
contributed.

FLUKA online training in autumn
2020

20200629 -

more

5 Currently the 4" generation of the code is
FLUKA4-0.1, 202005 2¢ | seon Download Documentation distributed by CERN

The next release FLUKA 4-4.0 is scheduled for
early 2024

Flair Graphical User
User Forum Interface Courses and events

Use the contact form.
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Licensing scheme

Registration options Includes access to
FLUKA Single User License Agreement the

Affiliates of institutes with a FLUKA Institutional License Agreement } source code
CERN Staff members and Fellows

Affiliates of institutes which signed the FLUKA Memorandum of development version

Understanding
Companies which purchased a FLUKA Commercial License Agreement Binary version only

* Licenses are free except for commercial use
* They are granted for non-military use only
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User support

FLUKA User Forum

https://cern.ch/fluka-forum

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

FLUKA Training

Three Beginner Online Training courses held in 2020
and one in 2021.

Two Beginner Training courses:
- University of Brussels in 2022
- NEA, Paris in 2023

and one Advance course held:
- Argonne NL, Chicago in 2023

The next beginner’s course is planned for 15-19
April 2024 in Madrid

FLUKA User Forum

Discussion forum for users of the FLUKA Monte Carlo code and its graphical user inlerface Fialr dislributed by CERN on fluka.cern and cern.ch/flair.

grap ser interface Flalr, distibuted by the European
Organization for Nuclear Research (CERN).

Installing, Running and Runtime Errors

Category for questions related to installing and running FLUKA
and Flalr

Flair

Category for questions relaled 1o the graphical user Interface
Flair

Source Definition

Calegory for questions concerning builtin source options, like

particle beams, hadron-hadron collisions or isotropic sources.

Geometry and Materials

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

Scoring and Biasing
Category for questions related 1o built-in scoring and biasing

oplions

Physics, Transport and Magnetic Fields

Cateaorv for phvsics-related ouestions. as well as ouestions on

https://fluka.cern - Academic Training lecture

+ New Topic

No Random file available »
m Installing, Running and Runtime Errors
Py * Software requirements of FLUKA and
a> Flair

W Installing, Running and Runtime Errors

Bugs in FLAIR 3.0-8a
n = & Staft

Nothing provides python3-imaging-tk issue
e while installing geoviewer on centos 8
= Flair

o Number of processed DETECT cards

m Scoring and Biasing

@ & Gnuplot errors or warnings found

W Flair

Make: /usr/local/fluka/fiutil/fff: Command not

e

m Advanced Features and User Routines

Installation of FLAIR and the geoviewer on
Mac OS Catalina with Home-brew

&FLUKA a=¢

Expand Details

mn


https://cern.ch/fluka-forum

FLUKA capabilities

* hadron-hadron and hadron-nucleus interactions « coherent effects in crystals (channelling)

* nucleus-nucleus interactions (including deuterons!) * magnetic field, and electric field in vacuum

» photon interactions (>100 eV)

* electron interactions (> 1 keV; including electronuclear) » combinatorial geometry and lattice capabilities

* muon interactions (including photonuclear) * voxel geometry and DICOM importing

* neutrino interactions * analogue or biased treatment

* low energy (<20 MeV) neutron interactions and transport * on-line buildup and evolution of induced

- particle decay radioactivity and dose

- jonization and multiple (single) scattering (including all ions  * built-in scoring of several quantities (including DPA
down to 250 eV/u) and dose equivalent)

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
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Basic Input
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Some history

* FLUKA's story begun a long time ago (1960s)...
...no graphical interfaces, input and output via text file

i |

* Inputfile can be very long > 50k lines &

* Inputfile based on “cards”. .inp file |
» Each card has 1 name, 6 values (called WHATSs), 1 string (called SDUM)

- Two examples of cards (the actual meaning is not relevant here):

BEAMPOS 4750.5 130.0 4866.5 NEGATI
BEAM -0.4 0.2 5.0 1.E-4 1.E-4 ELECTRO
Card WHAT(1)  WHAT(2) WHAT(3) WHAT@) WHAT(5) WHAT(6) SDUM
name
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FLAI R jijujj j“’Jj”’:Hj P [ _J_J _JDJ_I_JJ_LU_JJ_J
H;p Project:  *Untitled"
- EWDI:taBa
- In 2006, Flair was born! i T e ——
\ G.:::w:\ | 3] 5| ] Geom. output:| | %l
FLUKA advanced graphical user interface
Input file creation
Geometry visualization and construction
Simulation execution
Results visualization = e -

* Flair acts as an intermediate layer between the user and the input file
* It allows a user friendly editing of the FLUKA input
*Based on a . flair file and generates the . inp file that is run by FLUKA

Flair # FLUKA
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FLAIR

=

NN

Head CT with PET CT dose distribution

Advanced graphical user interface for particle simulation programs

BB

https://flair.cern

W& flair by CERN

_P

(GO C (£ ¢

Current Version
Latest version: 3.3-0.2
Released on: Fri 24-Nov-2023
Powered by python3, tkinter, gnuplot, pydicom

Authors
authors: Vasilis Vlachoudis (lead author)
Christian Theis

Wioletta Kozlowska

https://fluka.cern - Academic Training lecture

Features
modern and intuitive design
Input editor for error free inputs
Interactive geometry editor, photorealistic ray
tracer and debugger
run and monitor the simulation
back-end for post-processing of results
1/0 of other simulation formats (MCNPX,GDML,...)
Medical file importing, DICOM, RT-PLAN,DOSE,...
extended material library
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The FLUKA manual

Available in Flair clicking on the “info” button ...or via the FLUKA Web-site

C @ flukafilesweb.cem.ch/manual/index htmi

# Preprocessor v ¢ Delete ‘ Showv i MoveUp *all* v/ & Qoviewer 1 e
@ Materialy (&) Change v ) comment| [search " @ ‘/Editor

(R clone 1Stalev@Refresh # Move Down 1 r &}“Applicatmn
-

Gajinput

[ % cut 4 ] Neww £2Fluka v EEF'
load %Importy

= g%

Paste 53 Copy DOH Savew < Export v Addw

# » FLUKA Manual

FLUKA Manual

e FLUKA

Version: 4-2.2
. .
t1Scoring . Copyright (C) CERN 2020 and after
CiFlair L. . N R Copyright (C) CERN & INFN 2003-2019
IPreprocessor .* . 5. Partic e s All Rights Reserved
L . Seneral features of FLUKA input
- e e 2 - e IMPORTANT WARNING FOR THE USERS

Fiuka: < " TEx Desciponof LKA nputaptons

il Caomet This manual is a reference tool for preparing input for the FLUKA particle transport code. It is not complete and it is not
guaranteed to be free from errors. It is continually evolving just as the code does. It should not be cited: the proper references to
be cited in any recent work related to FLUKA are listed above (see also the list of References). In using the code, the user agrees
on the authorship and copyright and hence is bound to quote the above references.

Some parts of the manual must be "enriched": output etc.; the part on auxiliary programs must be updated.

For any comment or criticism on this manual and/or the code, please refer to http:/fluka.cern and/or http:/cern.ch/fluka-forum
Table of contents

partic

ding beams « 1. Whatis FLUKA?
« 2.Aquick look at FLUKA's physics, structure and capabilities

Synchrotron o 2.1. Physics

+ 2.1.1. Hadron inelastic nuclear interactions

= 2.1.2. Elastic Scattering

+ 2.1.3. Nucleus-Nucleus interactions

+ 2.1.4. Transport of charged hadrons and muons
+ 2.1.5. Energy loss

= 2.1.6. Low-energy neutrons

= 2.1.7. Electrons

+ 2.1.8. Photons

+ 2.1.9. Optical photons

= 2.1.10. Neutrinos

= 2.1.11. Transport of positively charged particles in a crystalline structure

-

o 2.2. Geometry
o 2.3.Transport

o 2.4, Biasing

o 2.5. Optimisation

o 2.6. Scoring

© 2.7. Code structure, technical aspects

o 2.8. Applications
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The |nput at a glance

B8 Show~ @ MoveUp sl
C) Comment~ | P
Statev #PEdit Card & Move Down | roa

(@ Change v
£ Clone

I® Faet—a WaenaE: = = =

Elic Lo #def BIASFLAG
FH1General | e, Y R G NS g ‘
#H_]Primary
Y

T TITLE [FLUKA Course Exercise

use names everywhere and free format for geometry
Transport > DEFAULTS PRECISIO v

(15coring beam definitions
a-_1Flair % BEAM Beam: Energy v E3.5 Part: Pl
{1 Preprocessor Ap: Gauss v Ap(FWHM): 0.8 Ad: Gauss v A (FWHM): 1.7

shape(x): Rectangular v Ax shape(Y): Rectangular v Ay
% BEAMPOS x y z-0.1
cosx cosy: Type: POSITIVE v
Geometry
. GEOBEGIN Accuracy Option: v Paren:
Geometry: out: v Fmt: COMBNAME v
Title: Cylindrical Target
Bodies
Blackhole to include geometry
@ SPH BLK x:0.0 y:0.0 0.0
R: 10000.
Void sphere
@ SPH voiD x 0.0 y: 0.0 2:0.0
R: 1000.

Infinite cylinder
@ ZcC TARG % 0.0 y:0.0 R: 5.
planes cutting the cylinder

L XYP ZTlow 2.0.0
L XYP Tlseg z1.
L XYP T2seg z2.
L XYP ZThigh 2:10.
& RCC capsule % 0.0 y:0.0 2:-10.
Hx: 0.0 Hy: 0.0 Hz: 40.
R: 10.
@ ZcC sh1 x: 0.0 y: 0.0 R: 40.
@ zccC sh2 x: 0.0 y: 0.0 R: 80.
‘ @ ZCC <h3 «00 w00 2120 ‘
AAAAA T P e L e o).
TITLE

FLUKA Course Exercise

Kl I DK ¥
Fluka: ex_Biasing.flair [Current:2 Total:98 CES

TITLE

Assign a title to the simulations

» The title is printed in the output files
* Not a mandatory card

DEFAULTS

Select one of the physics defaults settings

» To be defined at the very beginning of input, only preceded by the
TITLE and GLOBAL cards

» Any of the physics defaults can be overridden later in the input
with specific cards

» Given the progress over time in computer power, it is a
reasonable approach to always select the most detailed physics
defaults (PRECISIO) and override specific settings later
depending on the needs of the problem
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The |nput at a glance

@ ¥ cut EEJ New~ grl ka q}‘ # Preprocessor v X Delete
‘ 5 Load % Importv. @ Material v @ Change

BEAM

| |7/ calculator y & . .
B -= | Specify beam particle

Paste L3 Copy @

| savev % Exportv| Add~| aclone Statev #Edit Card & Move Down | r g'," ro erties
= - prop
Pl Fal® #defiie BIASFLAG e = = & i t
O General |2 7 W, Yo . e v e S e oy (] P I yp
Clermary TITLE l’LUKA Course Exercise ‘ a IC e e
y

5 Phys’ics use names everywhere and free format for geometry o Mom entu m Or ki neti C ene rgy
) Transport > DEFAULTS PRECISIO v . i :
. * Momentum distribution
Pa OTON v

{1Scoring beam definitions
a-_1Flair % BEAM Beam: Energy v E3.5

R - osnirrnes s * Angular distribution
I W weresme: ~_|1 |« Shape in the X-Y plane
Geometry
;:-EEOBEGIN Accuracy Option: v Paren:

Geometry: v out: v Fmt: COMBNAME v
Title: Cylindrical Target

------ Define beam spot and direction

Blackhole to include geometry

@ SPH BLK x: 0.0 y: 0.0 2:0.0

O S « Beam spot is defined with its x, y and z coordinates [cm] Default:
e caer 1" Origin of the coordinate system

s o e » Beam axis is defined via direction cosines with respect to the x

L XYP Tlseg z1.

L XYP T2seg z2. and y axes.

L XYP ZThigh 2:10.

L 00 B » The third direction cosine (cosz) is automatically calculated by

f: 10.

gzccam  c00 »00 40, FLUKA, its sign to be provided via Type=POSITIVE/NEGATIVE
@ zccC sh2 x: 0.0 y: 0.0 R: 80.
@ ZCC <h3 «00 w00 2120 £
EM+A.“1A.A.+A.A.zA.A.q.AA.3.A..+.Av4'.]“+“.Asu.A+A.“6A.“+A.A.7.A;
TITLE
FLUKA Course Exercise
l =y iy 7 O]
Fluka: ex_Biasing.flair [Current:2 Total:98 CES
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The input at a glance

& Flair [EGIGEomety G nput
[e—r— %‘_\ New» @Flukav ‘ e Preprocessor v X Delete
B 5 Load Import v, @Materialy (@ Change v

GEOBEGIN

Start of input section that defines geometry

8 Show~ 4+ MoveUp  <all* v & 0
| L

) Comment |

Pram, SaCopy [0\l savew SExportv Addv[iic  fRClone |statev PEditCard  MoveDown [fcpiocc [ & |
© . Imput
“[vBeampos - A TN

Primary CosX: cosy: Type: POSITIVE v

: : z:iri:etry Geometry / n n n

S| i B SR < - Body definitions

#-_]Scoring Title: Cylindrical Target i L .

- o A body definition consists of:
Sk o brkadegmomatyy oo - e 3-letter code indicating the body type

R: 10000.
oS oo oo ion 0 (alphanumeric identifier, 8 character
Infinite cylinder . oy ®
E.)’(::E:‘Sh cy.i;dze',z e s P maximum, case sensitive)
‘f%i s a2 * set of geometrical quantities defining the body, e.g. the
XYP ZThigh 2 10.
B R body dimensions and the position in the coordinate
@ ZcC sh1 x 0.6 y: 0.0 R: 40. .
=y o s 40 system (all values in cm!)
@ ZCC sh4 x: 0.0 y: 0.0 R: 160.
@ ZCC shs x: 0.0 y: 0.0 R: 200.
@ ZCC she % 0.0 y: 0.0 R: 240.
L XYP pm100 2:-100.
L XYP pp150 2:150.
e — END

Beclors - Ends the body definition

FLUKA Course Exercise

Kl Ty | O}
Fluka: ex_Biasing.flair [Current:2 Total:08 CEY
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The |nput at a glance

3 Show~ + MoveUp all* J é ¢

@ i cut EBquw gnka

[ 23 Rur P
- # Prepro:essor xnelete
3 Load & Import @Materialy (@ Change v ) Comment~ <]
Paste 13 Copy Ga Il save & Exportv|Add| ffClone | statev SPEdit Card & Move Down | - E‘L
! | | ‘ -
® D
= [ inpu] ] = [V — g s =
#-_1General <+ END
Primary
i) Geometry Regions
OMedia — (ilf | e
& . Physics
=~ Transport Blackhole
(Biasing @ REGION BLKHOLE Neigh: 5
#Dscoring expr: +BLK -VOID
C1Flair
Preprocessor Target segment 1 1
@ REGION TARGS1 Neigh: 5

expr: +TARG -ZTlow +T1seg

Target segment 2

@ REGION TARGS2 Neigh: 5
expr: +TARG -Tlseg +T2seg

Target segment 3

@ REGION TARGS3 Neigh: 5
expr: +TARG -T2seg +ZThigh
@ REGION outside Neigh: 5

expr: +VOID -sh6 | +VOID +pm100 | +VOID -pp150

Air around target
@ REGION INCO2 Neigh: 5
expr: | +capsule -TARG
| +capsule +ZTlow
| +capsule -ZThigh

Shield around capsule
@ REGION shcapspl Neigh: 5
expr: +sh1l-capsule-pm100 +ppl50 -y0

Shield around capsule

@ REGION shcaps Neigh: 5
expr: +shl-capsule-pm100 +pp150 +y0

@ REGION shield6 Neigh: 5
expr: +y0+sh6-sh5 -pm100 +ppl50

@ REGION shields Neigh: 5
expr: +y0+sh5-sh4 -pm100 +ppl50
@ REGION shield4 Neigh: 5
expr: +y0+sh4-sh3 -pm100 +ppl5!
@ REGION shield3
expr: +y0+sh3-s|

cEND —

& GEOEND v

< ID

[RUE SUTTS PINPIE TIPSR NI O TS SUNAR- IIRP PR - PR SRR O |

XZP y0 0.0

= .

4 I RN ¥
Fluka: ex_Biasing.flair rrent:23 Total:100 a

Region definitions
A region definition consists of:

(alphanumeric identifier, 8
character maximum, case sensitive, must start with an
alphabetical character)

* Estimate of the number of neighboring zones
* Asingle Boolean zone expression or a series of Boolean
zone expressions combined via the union operator

END

Ends the region definition

GEOEND

End of input section that defines geometry




The input at a glance

= R %] Input I | T
= your B3| New- SFlukav &4 B shows  @MoveUp salr |y &L
i |5 Load & Import v @Material v (@ Change v ) Comment~ [ Folk
Paste 3COBY 0 b Save~ & Export v Add~ Roore |siiae Priica spembmmfione—— PiC &l
‘ | I = 1
Input A X
e e L A 7l
*|¢ END
'«' GEOEND v

Materials definition

z

# COMPOUND co02 v Mix: Atom v Elements: 1.3 v
f1: 1.0 v1: CARBON v 2: 2.0 M2: OXYGEN v
3 M3: v

@ MATERIAL POTASSIU # 0:0.862
Z:19. Am: A dE/dx: v

iConcrete portland
IConcrete has a wide variation in density and composition.

Assign materials

& ASSIGNMA Mat: BLCKHOLE v Reg: BLKHOLE v to Reg: v
Mat(Decay): ¥ step: Field: v
& ASSIGNMA Mat: WATER v Reg: TARGS1 v toReg: v
Mat(Decay): v Step: Field: v
& ASSIGNMA Mat: ALUMINUM v Reg: TARGS2 v to Reg: v
Mat(Decay): ¥ Step: Field: v
& ASSIGNMA Mat: LEAD v Reg: TARGS3 v toReg: v
Mat(Decay): v Step: Field: v
& ASSIGNMA Mat: CO2 v Reg: INCO2v  toReg: v
Mat(Decay): ¥ Step: Field: v
& ASSIGNMA mat: AIR v Reg: outside v toReg: v \
Mat(Decay): ¥ Step: Field: v
& ASSIGNMA Mat: PORTLAND v Reg: shcapspl vy toReg: v
Mat(Decay): v Step: Field: v
& ASSIGNMA Mat: PORTLAND v Reg: shcaps v toReg: v
Mat(Decay): v Step: Field: v
& ASSIGNMA Mat: PORTLAND v Reg: shield6 v toReg: v
Mat(Decay): ¥ Step: Field: v
& ASSIGNMA Mat: PORTLAND v Reg: shield5 v toReg: v
Kl = § = == D H]
s N e S o o ey |
XZP y@ 0.0 J
L) 2]
i T |4 T O
Fluka: ex_Biasing.flair [Current:23 Total:08 -

@ MATERIAL co2 # p: 0.001965
Am A: de/dx: v

MATERIAL

Definition of a non-predefined single element

¢ Each material must have a

* Definition of charge, mass number and density in g/cm?

@ MATERIAL PORTLAND # 2.3
Am: A: dE/dx: v
= COMPOUND PORTLAND v Mix: Mass v Elements: 10..12 v
1:0.01 11 HYDROGEN v  2: 0,001 112: CARBON v —
f3:0.529107 13 OXYGENv  4:0.016 M4: SODIUM v
5:0.002 15 MAGNESIU v 16:0.033872  16: ALUMINUM v
7:0.337021 w7 SILICONv  fa:0.013 1s: POTASSIU v
2:0.044 1o CALCIUM v 710:0.014 110: IRON v
f11: M1l: v f12: M12: v

MATERIAL/COMPOUND

Definition of composite materials

* Each composite material must have a

* Definition of components and their abundances in terms of
either atom content, mass fraction or volume fraction

« Definition of density in g/cm?

ASSIGNMA

Assignment of material to a region
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Pre-defined materials

* A number of common materials (23
elements and 12 compounds) are
pre-defined in FLUKA and can be
assigned to a region without the
corresponding material declaration.

« 2 special materials are also included:

* VACUUM: obvious definition. Static electrical
fields can be defined only in vacuum.

* BLCKHOLE: |deal absorber, must be
assigned to the “black body” region
surrounding your geometry but can also be
used elsewhere in the geometry, e.g. for
perfect shielding/collimation, to reduce
CPU-time by killing tracking in certain
regions etc.

 In addition, Flair comes with an extensive
library of materials (elemental and
compounds) that can be imported into
the input

https://flukais

5.2.1. List of pre-defined single-element FLUKA materials

Fluka name Fluka Common name A z Density
number [g/cm”3]
BLCKHOLE 1 Blackhole or External Vacuum @ (-] (-]
VACLOM 2 Vacuum or Internal Vacuum 52 2 List of pre-defined ICRU compounds
HYDROGEN 3 Hydrogen
HELIUM 4 Helium
BERVEETU 5 Beryllium Fluka name Common name
CARBON 6 Carbon 1
NITROGEN 7 Nitrogen 1
OXYGEN 8 Oxygen 1 WATER Water
MAGNESIU 9 Magnesium 2 POLYSTYR Polystyrene
QLU 10 Aluminium 2 PLASCINT Plastic scintillator
IRON 11 Iron 5 PMMA Polymethyl methacrylate, Plexiglas, Lucite, Perspex
COPPER 12 Copper € BONECOMP Compact bone
SILVER 13 Silver 1e BONECORT Cortical bone
SLEON 12 Silicon g MUSCLESK  Skeletal muscle
GoLD 15 Gold 1 MUSCLEST Striated muscle
MERCURY 16 Mercury 2€ ADTISSUE Adipose tissue
LEAD 17 Lead 2€ KAPTON Kapton polyimide film
TANTALUM 18 Tantalum 18 POLYETHY Patycthylare
SODIUM 19 Sodium 2 AIR Dry air at NTP conditions
ARGON 20 Argon 3
CALCIUM 21 Calcium 49.078
T 5 @ Materials
= B +add
son Bl gy e
D 0,3 ol %
Search: X
p Material Li
Biological B Material Density Stoichiometry 1]
Elements [Epoxy (molded) 1.85 H-19, C-18, 0-3
General Polyethylene Marlex 0.93 H-4, C-2 |
ICRU liitimide Polyimide, Kapton 1.43 H-10, C-22, N-2, 0-5 ’
Implantation Polychioro-p-xylylene Paralene-C 1.289 H-7,C-8, CI-1
Liquids / Gases 1760 Formvar PMMA 131 H-8, C-5, 0-2
Metal Alloys Bakelite 1.45 H-9, C-9, 0-1
Plastics / Polymers [Epoxy (cast) 1.18 H-19, C-18, O-3
Targets Polyvinylchloride Rigid PVC 1.68 H-3,C-2, CI-1
User Polycarbonate Lexan,Makrofol 12 H-14, C-16, 0-3 ]
|[Polypropylene 0.9 H-6,
Material Properti
Title: Polypyromelitimide Polyimide, Kapton
ENotes |
Notes: Names:
Chemical 0=C HC C=0 Polyimid o
Formula /N /NN H-C - C-H H-C - C-H =
/ c A\ A /7 AN 4
SN Il N-C c-0-¢ c B
\ c 7/ / & /
C HNO N/ \\N/ N/ H-C = C-H H-C = C-H
221025 0=C HC C=0

Density
[g/cm*3]

1.8
1.06
1.832
1.19
1.85
1.85
1.84
1.84
0.92
1.42
0.94
©0.00120479




The input at a glance

%) Input

[ # Prepr B8 show~ 2 MoveUp rall*

5 Load  &Import qr @Materialv (@ Changev Q & comment-~| o]

= 2 Copy [0/ S Export v| Add~ Clone |statev SEditCard & MoveDown [Fcpiace [ & HH 1 1
R R e ? : = Initialization of random number sequence (“seed”)

* WBIASING s Low neutrons e * Allows using different random sequences as needed when

#-_) Geometry Oopt: v Reg: shield3 v toReg: v Step:
Medi «2 BIASING ype: Li t R p:0.0625 | H | H I CPU i II |
L Sphysics opt: v Theg shislda'r R v stem several simulations are run on severa In paralie
L ;:;‘isr:’g"“ 3 BIASING Type: Low neutrons v RR: Imp: 0.03125 " ”
i req: shield5 a . . .
et Ly S B s * Flair takes care of the using different “random seeds” when
it Pr:";mcessor opt: v Reg: shield6 v toReg: v Step:
o2 BIASING Type: Had &M RR: Imp: 2. 1
opt: v ::: shacargsnpsl v tlu";re‘z 'v SL!‘Z S paWn I ng rU nS
= BIASING Type: Hadrons & Muons v RR: Imp: 4.
Opt: v Reg: shieldp2 v  toReg: v Step:
= BIASING Type: Hadrons & Muons v Rg: Imp: 8.
Opt: v Reg: shieldp3 v toReg: v Step:
o BIASING Type: Hadrons & Muons v R Imp: 16.
opt: v Reg: shieldpd v to Reg: v Step: S TART
=3 BIASING Type: Hadrons & Muons v RR: Imp: 32.
opt: v Reg: shieldp5 v toReg: v Step:
= BIASING Type: Hadrons & Muons v Rg: Imp: 64. - mgw = =
opt: v Reg: shieldp6 v to Reg: v Step: D f t f b f p ry p rt I
o BIASING Type: Hadrons & Muons v RR. Imp: 0.5 e I n I Ion o n u m er o rl ma a Ic es
opt: v Reg: shcaps v toReg: v Step:
=3 BIASING Type: Hadrons & Muons v RR: Imp: 0.25 . .
Opt: v Reg: shield2 v toReg: v Step: ° S h I
= BIASING Type: Hadrons & Muu;sv RR Imp: 0.125 ta rts t e SI m u atlon
opt: v Reg: shield3 v toReg: v Step:
o BIASING Type: Hadrons & Muons v RR.

opt: v Reg: shield4 v toReg: v Step:

* Results returned as average over the cascades induced by the
= BIASING Type: Hadrons & Muons v R . . .
-:OSIA'SING Sii ﬁ:zlrisns'&M:::ivvaa 0 0.015625 / g|Ven number Of prlmary pal"tIC|e5

opt: v Reg: shield6 v toReg: v

[l30 #
== USRBIN Unit 35 BIN

Type: R-O-Z v Rmin: 0.0 Rmax: 240. VI 9

part: NEUTRON v X ¥:

Zmin-100.  zmax. 15 : S TO P
@ RANDOMIZ Unit: 01 v Seed
? START No.: 5000. Core St th t f th
R t: default

N || Stop the execution of the program
e ol

g A e WS * Not really mandatory (program stops at the end of the input)
e * Can become handy for debugging purposes
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Combinatorial Geometry
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Principle of combinatorial geometry

 Basic objects called bodies (such as cylinders, spheres, parallelepipeds, etc.) are combined to form
more complex objects called regions

* This combination is done using Boolean operations Resulting region

| Operation | Math | FLUKA r—i
| ‘ subtraction

Union U - ;
intersection
Intersection N + / ~\ /
Subtraction nA - ‘ ° ' % .
\unlon

body body body / v
-_ -

U\union

Example: LHC collimation insertion region built from the combination of bodies like planes, cylinders, cuboids, ...

Image from Wikipedia (CC BY-SA 3.0) body body
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Principle of combinatorial geometry

 Basic objects called bodies (such as cylinders, spheres, parallelepipeds, etc.) are combined to form
more complex objects called regions

* This combination is done using Boolean operations Resulting region
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Bodies and regions

Following bodies are available in FLUKA:

* Planes

* Boxes

XYP, XZP, YZP: Infinite half space delimited by a coordinate plane
PLA: Generic infinite half-space, delimited by a PLAne

RPP: Rectangular ParallelePiped

e Sphere and spheroid

SPH: SPHere
ELL: ELLipsoid of revolution

¢ Cylinders and cones

e Other

XCC, YCC, ZCC: Infinite Circular Cylinder, parallel to coordinate axis
RCC: Right Circular Cylinder

XEC, YEC, ZEC: Infinite Elliptical Cylinder, parallel to coordinate axis
REC: Right Elliptical Cylinder

TRC: Truncated Right angle Cone

QUA: QUAdric

Regions are defined by combining FLUKA bodies
using Boolean operations:

* Regions are obtained by the union of sub-regions (called zones); in
the simplest case a region consists of a single zone

» Zones are defined by intersections and/or subtractions of bodies
(Boolean zone expressions)

Body: RCC

Body: RPP

\ Body: PLA

» Zones / regions must be finite

» Each point in space must belong to one (and only one) region

* Regions are of homogeneous material composition (i.e. only
one material can be assigned to a region)

https://fluka.cern - Academic Training lecture




Inside and outside a body

« Each body splits the space into two domains: inside and outside
 This concept will be later used when defining zones and regions
* +body refers to the volume inside of the body
* -body refers to the volume outside of the body

* The concept of inside and outside is applied to all bodies including infinite planes

Finite bodies: Infinite (closed) Infinite planes:
bodies:

normal vector
inside (points to the outside)

outside

outside outside

See next slides for details

https://fluka.cern - Academic Training lecture



The outer “black hole” confinement

Outer sphere

y

* FLUKA defines a special material called
BLCKHOLE:

 BLCKHOLE is an all-absorbing material

« Particles vanish when entering a region filled with
BLCKHOLE

Simulation geometry

* The entire geometry must be embedded in
a region filled with BLCKHOLE

» This avoids tracking particles to infinity

» The outer surface of this BLCKHOLE region must
be a single closed body (e.g. a sphere)

f

Outside of the BLCKHOLE enclosure,
the region can remain undefined!
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Geometry input in Flair

& Flair Input |5 3

P
[—— E‘q New~ &Flukav | h # Preprocessor v X Delete
B 5 load  Limporty @Materialy (@ Change v

&3 Show~

Paste i3 Copy Uol

# Move Up

() Comment~|c I

4 Move Down

= g cut B3| Neww @Flukav

(5 Load % Import v,

G input [

th # Preprocessor v X Delete o B show>  #MoveUp =all*
@ Material v (& Change v G Comment~|
 [KClone statev SEditCard & Move Down 7cpl

ke savev < Exportv Addv|~ £ Clone

Statev 7 Edit Card

Paste U3Copy 0L savev & Exportv Add~|:
|t

{1 Preprocessor

Blackhole
@ REGION BLKHOLE
expr: +BLK -VOID

Neigh: 5

Target segment 1
@ REGION TARGS1

expr: +TARG -ZTlow +T1seg
Target segment 2
@ REGION TARGS2

expr: +TARG -Tlseg +T2seg
Target segment 3
@ REGION TARGS3

expr: +TARG -T2seg +ZThigh
@ REGION outside Neigh: 5

expr: +VOID -sh6 | +VOID +pm100 | +VOID -pp150

Neigh: 5

Neigh: 5

Neigh: 5

Air around target
@ REGION INCO2
expr: | +capsule -TARG
| +capsule +ZTlow
| +capsule -ZThigh

Neigh: 5

Shield around capsule
@ REGION shcapspl Neigh: 5
expr: +shl-capsule-pm100 +pp150 -y0

Shield around capsule

@ REGION shcaps Neigh: 5
expr: +shl-capsule-pm100 +ppl150 +y0

@ REGION shield6 Neigh: 5
expr: +y0+sh6-sh5 -pm100 +ppl50
@ REGION shields

expr: +y0+sh5-sh4 -pm100 +pp150
@ REGION shield4

expr: +y0+sh4-sh3 -pm100 +ppl50
@ REGION shield3

expr: +y0+sh3-sh2 -pm100 +pp1l50

Neigh: 5
Neigh: 5

Neigh: 5

‘9 BEAMPOS :-0.1
cosx: cosy: Type: POSITIVE v
Geometry
. GEOBEGIN Accuracy: Option: v Paren:
Geometry: v out: v Fmt: COMBNAME v
Title: Cylindrical Target
Preprocessor Bodies
Blackhole to include geometry
@ SPH BLK x: 0.0 y: 0.0 2:0.0
R: 10000.
Void sphere
@ SPH voip x: 0.0 y: 0.0 2:0.0
R: 1000.
Infinite cylinder
@ Zcc TARG % 0.0 y:0.0 R: 5.
planes cutting the cylinder
. XYP ZTlow 0.0
L XYP Tlseg z1.
L XYP T2seg z
L XYP ZThigh z
& RCC capsule x: y: 0.0 z-10.
Hx: Hy: 0.0 Hz: 40.
R:
@ ZCC sh1 K y: 0.0 R: 40.
@ ZCC sh2 x y:0.0 R: 80.
@ ZCC sh3 x y:0.0 R: 120.
@ zZCC sh4 x y: 0.0 R: 160.
@ ZCC shs * y:0.0 R: 200.
@ ZcCC she x y:0.0 R: 240.
L XYP pm100
. XYP pp150
4 XZP 0
<+ END
Regions
(—
s ades 2....
ITITLE
FLUKA Course Exercise
=]
q Ty ([

Fluka: ex_Biasing.flair

[Current:2 Total:98

¢ END

o' GEOEND v

<

o obnsinn Lo a0 stk Do i i vis s Bl oF 6 +
XZP yo 0.0

<4

Fluka: ex_Biasing.flair

urrent:23 Total:100
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Flair geometry editor

oy y _ <bPan G4
B2 2N sl |4 4

Paste Li3Copy 0| Select @nfo  (© |Body Zone

e | |

Allows creating

+ /home/alechner/sup/fluka-course/geo_example.flair - flair

3 Geometry

@®Region X Delete > Move
£ Transform
£ Objecty

B clone
e

P volume
(5Rotate | Export
$3Repeat @ Movie  Visibility v () Wireframe~

0

{&Lock

w 5 Freezev

A& <geo_example> v| & Rotdefi
& Layer~ B8 Layout~ L Transform
(& Refresh ynchronize | {Z)Expand

geometries at a (few)

g 10

| ¥ %] Magenta /x|

v x|& 5 v| #| 2| ][ G|vedn
s

TARGET
M SPH big
Mmouse CIICK\S s sl
e XYP plane
zcc cylinder
REGION  BLKBODY
RecioN fvoo (Mo o __d [ (G
REGION  TARGET
BEAM PROTON
10 B 19
& vl v 2| E| @|Media |vl kfBue
% Properti 4
name |23 .
comment /
[ve i voID
voID
VOID
voID ( o1n \
b L o R T
vomk \ \ ) TARGET yo1p
7] 10

Fluka: geo_example.flair x: 0.01929505881

i
z: 6.068442585

19
[Body: big [SPH]

https://fluka.cern - Academic Training lecture




Scoring of physical quantities
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FLUKA scoring

* It is said that Monte Carlo (MC) is a “mathematical experiment”; the MC

equivalent of the result of a real experiment (i.e., of a measurement) is called an
estimator

« Just as a real measurement, an estimator is obtained by sampling from a statistical
distribution and has a statistical error (and in general also a systematic one)

* There are often several different techniques to measure the same physical quantity:

in the same way, the same quantity can also be calculated using different
kinds of estimators

* FLUKA offers numerous different estimators, i.e. scoring for various quantities of
interest can be requested directly from the input file
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Built-in and user scoring

* Several pre-defined estimators can be activated in FLUKA; one usually refers to
these estimators as built-in scoring capabilities

» Users may build their own custom scoring through user routines

* However, built-in scoring:
 covers most common needs
* has been extensively tested
« takes biasing automatically into account
* has refined algorithms for track subdivision (apportioning)
« comes with utility programs that allow to evaluate statistical errors

» Therefore users are strongly encouraged to prefer built-in scorings wherever
possible

» Standard scoring can be adapted by means of simple user routines (fluscw. £,
comscw . £), activated via USERWEIG card
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FLUKA scoring

What?
Energy deposition and derivatives (dose), fluence or current versus energy, angle or other
kinematic variables, time, DPA, residual activity...

Where? When?
In regions, across boundaries, At the end of each cycle or at each
on region-independent grids event
Output?

Saved in [inputname]nnn fort. ## files,
where nnn is the cycle number & ## is the logical unit number chosen by the user

Results?
Post-processing utilities merge cycles, calculate average and
rms, provide data files for plotting. Available via Flair

Results normalised per primary

User code needed
for processing of
custom scoring!
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The FLUKA estimator zoo

" USRBIN , : :
Energy deposition e On a grid or in selected regions
vS. position USRBIN On a grid Energy-integrated
USRTRACK : : . .
e In a region Single-differential
Fluence VS. energy e On a surface Doubl<aE-<:gﬁerentlaI
»“surf
On a surface Double-differential,
VS-ref:re]f?y USRYIELD single interval on 2nd
orome At interaction variable.
If angle, wrt 6, __
vs. isotope RESNUCLEi In a region
Activation
vS. position USRBIN On a grid or in selected regions
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A scoring example

k= %] Input [

g ‘ L[ﬁ # Prepr & Show~ + MoveUp  all*
] 33 Load % Import v @Materialy (2 Change v ) Comment~. |
Paste L3Copy 0| savev 3 Exportv|Add-~| @iclone | state~ PEdit Card & Move Down | ro& |

| ~ <

= o LMo
T | opt: v Reg: shield2 v toReg: v Step:
@-_JPrimary « BIASING Type: Low neutrons v RR: Imp: 0.125
#-_) Geometry opt: v Reg: shield3 v toReg: v Step:
G i « BIASING Type: Low neutrons v RR: Imp: 0.0625 ' ' S RB I N
{)Physics. opt: v Reg: shield4 v toReg: v Step:
L ;:;‘isr:’g"“ 3 BIASING Type: Low neutrons v RR: Imp: 0.03125 . . . . .
- " opt: v Reg: shield5 v toReg: v Step:
R o Scores distributions of one of several quantities in a
Preprocessor Opt: v Reg: shield6 v toReg: v Step: B -
3 BIASING P 3 p: 2.
ara Mt =X regular spatial structure (mesh) independent from the
«; BIASING Type: Hr?d:':nzs& Muons v RR Imp: 4. . .
Opt: v R shiel v to Rex v Ste
SEASING: DpimgusumoReR WO geometry or on a region basis.
Opt: v Reg: shieldp3 v toReg: v Step:
=3 BIASING Type: Hadrons & Muons v RR: Imp: 16.
opt: v Reg: shieldpd v to Reg: v Step: H - t fI H I' d 4 I h d b H
< BIASING 1. Hatons & s ere: neutron fluence in a cylindrical mesh around beam axis
opt: v Reg: shieldp5 v toReg: v Step:
«3 BIASING y : i . H H
e e e o s * R:0-240cm in 50 bins
= BIASING Type: Hadrons & Muons v RR: Imp: 0.5
0 Ri h R s . H H
CBIASING Ty b e 025 « z:-100cm to 150cm in 50 bins
Opt: v Reg: shield2 v toReg: v Step:
«; BIASING e 3 B S H
g s actone S iauns v e 0228 * Phi: 120 bins
« BIASING Type: Hadrons & Muons v RR: Imp: 0.0625 . . 2 . .
R hield4 R
L AN ilcundl = o Sz Results in units of 1/cm* per primary particle
opt: v Reg: shield5 v toReg: v Step:
= BIASING Type: Hadrons & Muons v RR: Imp: 0.015625 /
opt: v Reg: shield6 v toReg: v Step:
= USRBIN Unit:35BINY  Name: det /
Type: R-O-Z v Rmin: 0.0 Rmax: 240. NR: 50.
part: NEUTRON v X: ¥: No: 120.
Zmin: -100. Zmax: 150. NZz: 50.
@ RANDOMIZ Unit: 01 v Seed
|* START No.: 5000. Core: v

s sTop — \ L L7 Path length L [cm] inside the bin divided by the

G v i 3 3 — 2
*‘...+ ........ +.,..2....+....3....+,.v4....+....5...,+....s....+...,7..é}* l \ bin VOIUmeV[Cm ]Hcm/cm =1/cm
STOP

#ukz:ex_siasing,ﬂair‘ — [Current:98 Total:08 ﬂbzg
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Visualization wi

...of the scoring mesh

ol
o o B B Q
hew B ) orbic 1

Paste LaCopy o Select @ynto 3 Body

@reqon

2o object s

X Detete |

A A] € Transtorm

Bicone |32

@roume Etock & <o outon> ||
export W Freczer @ ayere Layouts.

Bovovie Visbity+ ( Wretrome Rctresn (- Syneheoniee
R .

th Flair

- | & ViewusreiN ¥ ]6iue /A 4] || @ Viewusein ¥ % Magenta vxa
ViewusRaiN  w|@+ =] |- Global 7
Options i v vom
Show .
Palette ol s
Usrbin -
<add> A s

i 4

B B

7

T TR &
Frominput: X X
Detector: 2 Enetarge (221 . o r@
T — " Q)
Y-offset:
|Z-offset: -z R
Rotdefi )
Rotdefi2: = =
Transparency: [y N
Prompt draw .
polette:  palette E e

~ v ||
@ Help | O Reset | v Apply ¥
[oER| o] [wirsh| A . A VR R I S R Y .
Fluka: ex_scoring_solution flair V6917736409 7 1134723899 _Plot saved as: Magerita ¥

and the final results (examples)

Edep_3D
Options.

Prompt draw
Palette:

&9 Help | O Reset | o Apply

;13

vl K|Red

ex_scoring_solution_21
1 Enesmall v
0

r -5

Palette v

vorn

Edep dansity [G:

[Fluka: ex_scoring_solution.flair

x:9.435994261  y:0

a
2 -1.240894938

Energy deposition density

4 6
Depth [cm]
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Biasing techniques
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Introduction to biasing

~ Statistical bias: tendency causing a result to differ from the underlying fact

* In the context of FLUKA
= Deliberately altering simulation parameters to improve variance or CPU time
= This bias is countered by changing weights of particles

varlc.';lznce ( _'ﬁ CPU time

Gaussian sampling (high stats) Gaussian sampling (low stats)

400
= 300
)

& 200

100

. . . . 1
» Goodness of simulations : Figure of Merit = =
= The larger the better
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Non-biased Monte Carlo simulations

Characteristics
» Samples from

actual phase-space distributions
* Preserves correlations

* Reproduces fluctuations

Experimental
Hall . AR
Drawbacks Control
Room

* Converges slowly

 Rare events are... “rare”
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Non-biased Monte Carlo simulations 200000

All particle fluence - Biasing OFF

Characteristics = o
. 200 il L@
- Samples uniformly from o . |Mes B
. . . = o 10-8 8
the phase-space distribution s 0L il USl:
400 ot %
* Preserves correlations 200 | Il -
3 2 F 41077 o
« Reproduces fluctuations SO0 b0 6 o0 460 &0 800 0
x [em]
All particle fluence - Biasing OFF - uncertainty
300 : : 100
Drawbacks 200 | 80
- Converges slowly 2o [ o 3
o 0 - 5
* Rare events are... “rare” " 00 | @ 8
200 |- 20 -
-300 . s s . i 0
-400 -200 0 200 400 600
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Biased Monte Carlo simulations

Characteristics
» Samples from distorted distributions
» Converges “quickly”

Drawbacks

» Cannot reproduce fluctuations and
correlations

* Requires active reasoning and
experience

* Requires user’s time to be implemented

z [em]

z [em]

300

200

100

0

-100

-200

-300

300

200

100

-100

-200

-300

200000

All particle fluence - Biasing ON

-400 -200 0 200 400 600 800
x [em]
All particle fluence - Biasing ON - uncertainty
-400 800
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Biasing techniques in FLUKA

* Region Importance Biasing (BIASING)

* Mean Free Path Biasing (LAM-BIAS)

 Leading Particle Biasing (EMF-BIAS)

* Multiplicity Tuning (BIASING)

* Lifetime / Decay-length Biasing (LAM-BIAS)

* Weight Windows (Ww-FACTO, WW-THRES, WW-PROFI)

* Low-energy neutrons non-analogue absorption (LOW-BIAS)
* Low-energy neutrons downscattering (L.OW-DOWN)

* User defined biasing (usbset .f , usimbs. f)
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Medical applications

(...a short
“teaser”)
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Voxel geometries

—

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

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

* Flair 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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Defining organs

Xmax: Reset

Add

i
\

iZmin: ‘ Zmax: Slice »Zmax |

[

i ‘ f ’ @ Slice -Zmin

Paste 23 Copy OojDicom Editor Viewer Voxel »{ Remove

* DICOM files can be browsed,

visualised and edited (e.g. 7 RTART e i 1 ponusareGTVa |2
anonymised) " amaitraraio: 1 (S

) ) ., b13122110757.8100011 1 ?g;";';‘:b’:*:’(;‘) -‘6’

* Voxels can be grouped into “organs” | "y redotereey Ben fempicbesn |7
. < RTSTRUCT: Radiotherapy Stru Eype(R) 9

* ROls (Regions Of Interest) can be | RTStructureset dom Apet) 10
defined Lens(L) 1
Ear(R) 13

. . [l 14

« The voxel geometry is contained in B
an RPP and can be placed within a u
larger combinatorial FLUKA o
geometry -
2

29

31

829

35

40
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Calculating dose to organs

Correction factors for the
density and dE/dx can be
specified

The RTPLAN can be converted
to a FLUKA input

RTDOSE: the calculated data
can be compared to the
planned dose

Automatic generation of DVH
(Dose Volume Histogram)

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

 d
Paste i3 Copy 7| Dicom Editor R

|Instan(

+ Add ‘

ROI

DR N

TViewer xRemuve‘Ax!al Coronal

-

< CT: Computed Tomography
b RTRT_HeadThin (Adult) 1
< RTDOSE: Radiotherapy Dose
$1.3.12.2.1107.5.7.8.100011 1
< RTPLAN: Radiotherapy Plan
$1.3.12.2.1107.5.7.8.100011 2
< RTSTRUCT: Radiotherapy Stru
RTStructureSet.dem

-

Icheck
inonusareGTVold
Optic Chiasm
[Brain Stem
Optic Nerve(R)
[Temp lobe dx
[Temp lobe sn
Optic Nerve(L)
Eye(R)

Eye(L)
lLens(R)
lLens(L)

Ear(R)

[Ear(L)

lbrain

lorech med dx
lorech med sx
[ATMsx
IATMdx
IGTVpreop
IGTVpf

ICTV74

lipofisi
ICTV54
PTV54
PTV74

pelle

iskin
lLaserOrigin
table origin
GTVvertex
lcanc
ICTV54vertex
ICTV74vertex
PTV54vertex
PTV74vertex

Cowouswn -

jid

Sagittal

Window Center: |

flair - flair

Planned: .5

|v]

| ¥ Norm: [1.0

v

Calculated: -5 bingo-1_99.bnn

RTSTRUCT: 1.3.12.2.1107.5.7.8.10021.30000012011214454019300000490

|¥|11-DOSE | w| Norm: |=rtplan_weight1/Gy !]‘

I!!i

Dicom

Calculated

Dose Volume Histogram

|| B Dicom

A - O X

— CTV74[26]

Min: [_|_f

Slice: |

60 1 — PTV74[31]
pelle [39]
a04 dashes:planned
—— solid:calculated
201
0
0 025 05 075 1 125 15
Dose [Gv]
0.00 2.00 10.0
Max: | 1] Ax:| o]
[ Width: [_|_{ Preset: v
75
1)
&

Fluka: bingo.flair [
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Some examples
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Accelerator geometrles

Vertical

9 "Beam orbit

4000 +

3000 + __,/ b

¥ (um)

2000 + TWISS = | v 4

1000 /-

=250 -200 -150 -100 -50

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 ﬁcation (lattice)

capabilities. LlNE BU”_DE

[A. Mereghetti et al.,
IPAC2012, WEPPDO71,
2687
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Beam loss description at the LHC e 2 (2019) 071003

102 10 ; :

10" | Fill 2692 —<  Fill 2984 —— 3 10" F Fill 2651 -«  Fill 3236 —
Fill 2736 —— Simulation —&— Fill 2984 —— Simulation —e—

Dp; 3 /N (pGy)
=

Dp; /N (pGy)
=

beam
—
-1 -1
10 10
IR1 (ATLAS) IR8 (LHCb)
10'2 1 1 1 1 1 1 1 1 10'2 1 1 1 1 1 1
20 24 28 32 36 40 44 48 52 56 23335 23340 23345 23350 23355 23360 23365 23370

s (m) s (m)
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Activation benchmarking

@ CERN SHIELDING BENCHMARK FACILITY (24 GeV/c p) [E. lliopoulou and R. Froeschl]

Situated laterally above the CHARM target
for deep shielding penetration studies (Detector calibration, Detector inter-comparison, Activation)

Comparison of FLUKA and y-spectrometry values by CERN

1e-31
360cm of concrete and barite concrete
plus 80cm of cast iron -~ 8
Side View Horizontal cut at 560cm height g 8
680cm 5 8
S 1e33
240cm %
560cm - i Bi-206 Meas.
, g 1% | B20d Moas: o
T 3 B lMeas
o & BN;-24F¥LSJ§% P >
1035 [B1508 FLUKA | ®
Bi-204 FLUKA :-0©--!
3200m Bi-203 FLUKA
Bi-202 FLUKA -0~
a5 Na-24 FLUKA :- o
zem |11 Bismuth and Aluminum samples = 3 Si206 e
Harble at different heights in CSBF and also § 25 -
. 3 2
- ©
inside CHARM (@ -80cm) $ s
Ocm — Height x 1
’ 2 0.5 é
E)1 20 -80 -40 0 40 80 120 160 200 240

Shielding thickness (cm)

ﬁ @ CHARM (CERN High energy AcceleRator Mixed field facility,
-@/« to study radiation effects on electronic components)

5 x 10" protons/pulse, 350ms pulse length, max. average beam intensity 6.6 x 10" p/s
Rz E three 50cm long 8cm diameter targets: Copper, Aluminum, Aluminum with holes
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Medical physics: radiotherapy

P T S S S S S S S Bragg peak in a water phantom
: s i : f ’ = 400 MeV/A C beam:

8 .................. .................. .................. .................. The importance Of
W= W R R T T S T N fragmentation
B e b
c
=
E, 5 ----------------------------------------------------------------------------------------------------------------------------------------------
5
- S SO RS S R || S SE———
<
B ] T RICIITITITRISORN SRTNVSIFY * IR Y SO PR R SRR R P ROTS R e
o — I primary beam.._i/..3..... SR S

0 50 100 150 200 250 300 350 400
Depth [mm)]

[Exp. Data (points) from Haettner et al, Rad. Prot. Dos. 2006
Simulation: A. Mairani PhD Thesis, 2007, Nuovo Cimento C, 31,
008
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Dosimetry and cosmic rays

* Complete simulation of cosmic rays

interactions in the atmosphere, by means
of a dedicated CR package available to

users

* Model of airplane geometry

* Response of dosimeters

Ambient dose equivalent from neutrons

5 T T

at solar maximum on commercial flights
from Seattle to Hamburg and from Frankfurt to Johannesburg

Neutrons

Ambient Dose Equivalent Rate (uSv/h)

SEA-HAM +—e—i
FRAGINB

[Solid lines: FLUKA simulation 0 2 4

S. Roesler et al.,

Elapsed Time

Rad. Prot. Dosim. 98 (2002)

367]
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