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FLUKA.CERN distribution

https://fluka.cern

Code history:
HOME DOWNLOAD ~ DOCUMENTATION ~ FLAIR SUPPORT ~ FLU KA WaS born |n the 6015 at CERN from
Johannes Ranft

Release of FLUKA 4-0.1

2020-08-24 -

FLUKA online training for
beginners {Sept/Oct 2020)

2020-08-01 -
Release of FLUKA 4.0 and Flair 3.1 About FLUKA

2020-06-30 -

FLUKA online training in auturmn
2020

2020-06-29 -

more

It’s in active development since then, where
several institutes and collaborators have
contributed.

Currently the 4t generation of the code is
distributed by CERN.

FLUKAA0. X onrce6 76 i Download ) Documentation

Flair 3.1-2= , 2020-07-10

The next release FLUKA 4-3.0 is scheduled for
September 15, 2022

Flair Graphical User

Use the contact form. } User Forum Interface Courses and events
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Licensing scheme

Registration options Includes access to the

FLUKA Single User License Agreement

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 Understanding development version

Companies which purchased a FLUKA Commercial License Agreement

 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 were held
2020 and one in 2021.

One Beginner Training course was held at the
University of Brussels in 2022

Advanced course planned for spring 2023 in the US.

all categories »

Discussion farum lor users of the FLUKA Mante Carlo code and its graphical usar interface Flair distribuled by CERN an fluka.cern and cern.ch/fiair.

Latest  Unread (37)

Announcementsi

As of December 2019, this discussion lis! represents the alficial
forum far users of the FLUKA Monle Garlo code and lis
graphical user intarfaca Flalr, distributed by the European
Organization for Muclear Research (CERMN).

Installing, Running and Runtime Errors
Catagory for guastions related to installing and running FLUKA
and Flalr.

Flair

Calagory lor quaslions related Io the graphical user interlace
Flair

Source Definition
Calegory tor queslions concaming buillin source oplicns, like
particle baams, hadron-hadron collisions or isolroplc sources.

Geometry and Materials

Category kor malerial and geomelry-related questions including
lopics like ranslormations and lallices,

Scoring and Biasing

Category for questions related lo built-in scaring and biasing
oplions,

Physics, Transport and Magnetic Fields

Cateaory for ohvsics-relaled miestions. as wall as auestions on
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Expand Details

FLUKA User Forum

4+ New Topic

No Random file available

m Installing, Running and Runtime Errors
¥ Software requirements of FLUKA and
a>» Flair

B Installing, Running and Runtime Errors

Bugs in FLAIR 3.0-8a
n W & Stafi

Nothing provides python3-imaging-tk issue
@ while installing geoviewer on centos 8
m Flair

Mumber of processed DETECT cards
W Scoring and Biasing

e & Gnuplot errors or warnings found

B Flalr

Make: /usr/local/flukaflutilfff; Command not

9 found

B Advanced Features and User Routines

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



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)
* muon interactions (including photonuclear)

* neutrino interactions

e combinatorial geometry and lattice capabillities
» voxel geometry and DICOM importing
» analogue or biased treatment

o | <20 MeV tron interacti dt . on-line buildup and evolution of induced
ow energy ( eV) neutron interactions and transpor radioactivity and dose

* particle decay « built-in scoring of several quantities (including
 jonization and multiple (single) scattering (including all DPA and dose equivalent)

lons down to 250 eV/u)

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

Inputfile can be very long > 50k lines
Inputfile based on “cards”. . 1np file

Each card has 1 name, 6 values (called WHATS), 1 string (called SDUM)
Two examples of cards (the actual meaning is not relevant here):

BEAMPOS 4750.5 130.0  4866.5 NEGAT I VE
BEAM ~0.4 0.2 5.0 1.E-4 1.E-4 ELECTRON
Card name WHAT(1)  WHAT() WHAT(3) WHAT(@) WHAT(5) WHAT(6) SDUM
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FLAIR

 In 2006, Flair was born!
FLUKA advanced graphlcal user interface

Input file creation

Geometry visualization and construction
Simulation execution

Results visualization

Hle Edit Card Input Miew Options Help

RI=EE JJ 1 e < S Y A N 5 T VP [ 2K
FlaFiuka]

Fluka Project Information

| 5] (| Executable:

R/ | | Geom. output:

H

Inp:

Exe:

Dir: Mome/nviprgiphysics/fukalfair

 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 . 1np file that is run by FLUKA

Flair # FLUKA
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FLAIR

https://flair.cern

& flair by CERN

Advanced graphical user interface for p@md@ s#mua”a@on programs i‘

e

OO € CCELCC L —*mﬁ ..

e \ " I‘ T \ g]_ l\ (%-e;nétry Ed;tPr aawew of IHCTR“ D
" Authors Features
authors: Vasilis Vlachoudis (lead author) e modern and intuitive design
Christian Theis e |nputeditorforerror free inputs
Wioletta Kozlowska e Interactive geometry editor, photorealistic
1 i ray tracer and debugger

e runand monitor the simulation
e back-end for post-processing of results

3.1-15.1 e |/O of other simulation formats
Fri 22-Oct-2021 (MCNPX,GDML,...)
e Medical fileimporting, DICOM, RT-
PLAN,DOSE,...

Head CT with PET CT dose distibution

e extended material library
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https://flair.cern/

o ] Input g
= f et =4 1 Neww &=Flukav EE:I # Preprocessor v 3 Delete 4 Show~ & Move Up | *all* || &
Bl 5 Load % Import v @ Material ¥ (@ Change v () comment~ \ r Q2

Paste 13 Copy 7l savev GExportv Add~|aid | [HClone  Statev FEditCard 4 Move Down ]—v &
© : Assign atitle to the simulations

R B O T N ———
Sy TTITLE Fioka coue rarime T PSS : :
e ‘  The title is printed in the output files

use names everywhere and free format for geometry

P | |2 EFAULTS T eeccisior « Not a mandatory card

{1 Scoring beam definitions

s+ BEAM Beam: Energy v E: 3.5 Part: P
{_1Preprocessor Ap: Gauss ¥ Ap(FWHM): 0.8 Ad: Gauss ¥ Ad (FWHM): 1.7
Shape(x): Rectangular v ax: shape(Y): Rectangular v Ay
‘% BEAMPOS X y: z:-0.1 l | I T
cosx: cosy: Type: POSITIVE v D E FA S
Geometry

O e TS o Select one of the physics defaults settings

Bodies

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

R: 10000.
Void sphere

@SPH oD 100 * Any of the physics defaults can be overridden later in the input

R: 1000.
Infinite cylinder

§zcC G <00 with specific cards

planes cutting the cylinder

LXYp s o1 « Given the progress over time in computer power, itis a

L XYP T2seg 2 2.

LXYP zigh =10 reasonable approach to always select the most detailed
e, M physics defaults (PRECIS10)and override specific settings

Bzec o ian e o : later depending on the needs of the problem

FLUKA Course Exercise

q i o]
Fluka: ex_Biasing.flair [Current:2 Total:o8 CES
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The input at a glance [ggam

- ] Input

See e g @an e il | Specify beam particle properties

5 Load & Import ¥ {&Change v ) Comment~

Paste -3 Copy 7l savev % Exportv Add~ £F clone Statev #EditCard & Move Down -

@ . Ing ) ) J3 |- Particle type

o | e |  Momentum or kinetic energy

TITLE [LUKA Course Exercise

I5
{1Media . . .
il B use names everywhere and free format for geometry [ ] M d b
::g:;:fm » DEFAULTS PRECISIO v Omentum |Str| Utlon
S sy « Angular distribution
air s+ BEAM Beam: Energy v E: 3.5 par: PROTON v .
e Srapciy Roctangular b Stapeny Rectanguiar oy * Shape in the X-Y plane
‘% BEAMPOS X y:

Geometry

z-0.1
cosx: cosy: Type: POSITIVE v \

. GEOBEGIN Accurac y: Option: v Paren:
Geometry: ¥ out: v Fmt: COMBNAME v
Title: Cylindrical Target

Bodies

------ Define beam spot and direction

Blackhole to include geometry

@ SPH BLK % 0.0 y: 0.0 2 0.0

wosere " « Beam spot is defined with its x, y and z coordinates [cm]

g cpmaer " R . Default: Origin of the coordinate system

tﬂﬁ « Beam axis is defined via direction cosines with respect to the x
LS ) and y axes.

D B B  The third direction cosine (cosz) is automatically calculated by
:iEE FLUKA, its sign to be provided via Type=POSITIVE/NEGATIVE

FLUKA Course Exercise

q i o]
Fluka: ex_Biasing.flair [Current:2 Total:o8 CES
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The input at a glance GEOBEGIN

& Flair &) Input B
@ M ocut B New~ ZFlukavw ED:I # Preprocessor v X Delete =3 Show~ & Move Up  #all* |» & . . .
B R R S e SO T T — Start of input section that defines geometry
@ "
= Fa |« -.*—-*L*L—*-*L*L—L [a ]
B - |9 BEAMPOS X: y: z-0.1

COSX: cosy: Type: POSITIVE v

{1 Geometry
S Media Geometry /
{OPhysics | |||

. GEOBEGIN Accuracy: Option: v Paren:

{1 Transport
{ 1Biasing Geometry: ¥ out: ¥ Fmt: COMBNAME v
{1Scoring Title: Cylindrical Target

{JFlair
() Preprocessar Bodies

Body definitions

A body definition consists of:

L XYP pm100 z-100.

FH i S 00 00 e 3-letter code indicating the body type
F: 10000.
OSPH D woo 00 00 (alphanumeric identifier, 8 character
Infinite cylinder . ..
Ei::g ,, vs. maximum, case sensitive)
EEE T » set of geometrical quantities defining the body, e.g. the
ZThigh z: 10.
§REC copeule 00 o body dimensions and the position in the coordinate
Rr: 10.
. S RSN Y U .
dzcc o oo oo system (all values in cm!)
@ ZCC sh3 % 0.0 y: 0.0
@ ZCC sh4 % 0.0 y: 0.0
@ ZCC shs % 0.0 y: 0.0
@ ZCC she % 0.0 y: 0.0

END

L XYP ppiso 7 150.
= XZP 0 v: 0.0
¢ END a

Regions Ends the body definition

4 I+
ookl 20 4 30 4 WAL+ 5 BT P
TITLE
FLUKA Course Exercise
bd| =]
14 J CImAET 0l
Fluka: ex_Biasing.flair F:urrent:z Total:98 ﬂ%
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The input at a glance

e ycut 53 New- SAFlukav T
j 5 Load % Import¥ @ Material v

Paste S3Copy 10 L savew & Exportv Add~ £ Clone

(1Physics

{1 Transport
{1Biasing

{1 Scoring

{1 Flair
{_1Preprocessor

B 7 LI YU
¢ END

Gj Input | £

# Preprocessor v )¢ Delete B8 Show~ 4 Move Up =all*

" |Reglon definitions

(@ Change v ) Comment~| |

.
LU.u L L

Statew SPEditCard & MoveDown [foploce [ dh

A region definition consists of:

Regions

Blackhole
@ REGION BLKHOLE
expr: +BLK -VOID

Meigh: 5

Target segment 1
@ REGION TARGS1

expr: +TARG -ZTlow +T1lseg
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 InCcO2
expr: | +capsule -TARG
| +capsule +ZTlow
| +capsule -ZThigh

Neigh: 5

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

Shield around capsule
@ REGION shcaps Neigh: 5
expr: +shl-capsule-pm100 +ppl50 +y0
@ REGION shield6 Neigh: 5
expr: +y0+sh6-sh5 -pm100 +ppl50
@ REGION shield5
expr: +y0+sh5-sh4 -pm100 +ppl50
@ REGION shield4
expr: +y0+sh4-sh3 -pm100 +ppl5
@ REGION shield3
expr: +y0+sh3-sl

Meigh: 5

Neigh: 5

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

e 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

+END —

GEOEND

w GEOEND v

@ End of input section that defines geometry

4
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The input at a glance

] New~= £=Flukav I{:j # Preprocessor v X Delete
_j [ Load & Import ¥ @ Material v (& Change v
Paste 33 Copy - kel savev % Exportv Add~ (B Clone

B4 Show~ + Move Up
) comment | [

Statev #Edit Card & Move Down

i 2 COMPOUND co2v Mix: Atom v Elements: 1.3 v
i f1: 1.0 m1: CARBON v f2:2.0 mM2: OXYGEN v
{1 Preprocessor f3: M3 v

Assign materials

@ ASSIGNMA Mat: BLCKHOLE v  Reg: BLKHOLE v toReg: v
Mat(Decay): ¥ Step: Field: v
@ ASSIGNMA mat: WATER v reg: TARGS1¥  toReg: v
Mat(Decay): ¥ Step: Field: v
& ASSIGNMA Mat: ALUMINUM v Reg: TARGS2 ¥ toReg: v
Mat(Decay): ¥ Step: Field: v
& ASSIGNMA Mat: LEAD v Reg: TARGS3 ¥ toReg: v
Mat(Decay): ¥ Step: Field: v
¢ ASSIGNMA Mat: CO2 v Reg: INCO2 v toReg: ¥
Mat(Decay): ¥ Step: Field: v
@ ASSIGNMA Mat: AIR v Reg: outside v to Reg: v \
Mat(Decay): ¥ Step: Field: v
& ASSIGNMA Mat: PORTLAND v Reg: shcapspl v toReg: v
Mat(Decay): ¥ Step: Field: v
& ASSIGNMA Mat: PORTLAND v Reg: shcaps ¥ toReg: v
Mat(Decay): ¥ Step: Field: v
& ASSIGNMA Mat: PORTLAND v Req: shield6 ¥ toReg: v
Mat(Decay): ¥ Step: Field: v
@ ASSIGNMA mat: PORTLAND v Reg: shield5 v  toReg: v J
4 — - = — | ¥ =
CE S P T - FRRRE T 2 T N N |
XZP y0 0.0 J
il =
] [ T 0
Fluka: ex_Biasing.flair |Curferlt=23 Total:98 Qg

@ MATERIAL coz #: p: 0.001965
Z Am: At dE/dx: ¥

MATERTAL

Definition of a non-predefined single element

e Each material must have a
» Definition of charge, mass number and density in g/cm3

@ MATERIAL POTASSIU #: p: 0.862
7:19. Am: A: dE/dx:_¥
Concrete portland
Concrete has a wide variation in density and composition.
@ MATERIAL PORTLAND #: p: 2.3
z Am: A dE/dx: ¥
2 COMPOUND PORTLAND v Mix: Mass ¥ Elements: 10..12 v
f1: 0.01 M1: HYDROGEN v  2: 0.001 mz: CARBON v P~
3: 0.529107 M3: OXYGEN v f4:0.016 M4: SODIUM v \
5: 0.002 m5: MAGNESIU v f6: 0.033872 m6: ALUMINUM v
£7:0.337021 17: SILICON » f8: 0.013 me: POTASSIU v
f9: 0.044 19: CALCIUM v 10: 0.014 m10: IRON v
fl1: M1l v flz: M12: v

MATERITAL/COMPOUND

Definition of composite materials

e Each composite material must have a

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

e Definition of density in g/cm3

ASS 1GNMA

Assignment of material to a region
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5.2.1. List of pre-defined single-element FLUKA materials

Pre-defined materials

Fluka name Fluka Common name A Z Density
number [g/cm"3]
* A number of common materials (23 BLOMOLE 1 Blackhole or External Vacuum @ —
e 2 vacuum or Internal vacuum 52 2 List of pre-defined ICRU compounds
elements and 12 compounds) are pre- aoROGEN 3 ydrogen
defined in FLUKA and can be assigned e
. . > CARBON 6 C?r' on 1 [a/cm*3]
to a region without the corresponding e 7 e |
- ) _ WATER Water 1.0
I d I RAGHESIL g (s e POLYSTYR Polystyrene 1.6
materla ec aratlon ALUMINUM 1e Aluminium 2 PLASCINT Plastic scintillator 1.032
IRON - Iron s PMMA Polymethyl methacrylate, Plexiglas, Lucite, Perspex 1.19
: : : . COPPER .- Copper € BONECOMP c t b 1.85
« 2 special materials are also included: siver 13 silver J | eowe  oomect bore
. . . SILICON 14 s5ilicon 2 MUSCLESK Skeletal muscle 1.04
 VACUUM: obvious definition. Static coLp — — 18 wUSCLEST  Striated muscle 1.04
. . . . MERCURY 16 Mercury 2€ ADTISSUE Adipose tissue 8.92
electrical fields can be defined only in LA 5o 2 gpton  Kapton polyimide Film 102
[LRHLE R i jantasum = POLYETHY Polyethylene 9.04
vacuum. SODIUM 19 Sodium 2 AIR Dry air at NTP conditions 0.00120479

ARGON 28 Argon =]

« BLCKHOLE: Ideal absorber, must be cucwn 2 calcin T
assigned to the “black body” region = -
surrounding your geometry but can also be

T pom B o5 g *ao N

] * % xoewe o
T|Paste sacopy o Toinput import e
. poard

Materials

used elsewhere in the geometry, e.g. for ateral st
. . - - Biological & Material Densl Stoichi
perfect shielding/collimation, to reduce Elements Epowy moided] e s 0 mmcwmos 0 f
. o ) ’_ ) IGCeRnI_IeraI Folyethylene Marlex 0.93 H-4, C-2 [
CPU-time by killing tracking in certain FoypyromaTlinid Foycs, Kspon L 110, C22, 12,03 |
. 'I;‘Iqulclli ifl Gases 760 Formvar PMMA 131 H-8, C-5, 0-2
jeta {4) K a .
regIOHS etC Plasum;:lwners E:::;Jttecasl} 18 :-gb.cc?ig o3
Targets Palyvinylchlaride Rigid PVC 1.68 H-3, C-2, CI-1
User Polycarbonate Lexan,Makrofol 12 H-14, C-16, O-3 [
- |Polypropylene 0.9 H-6, C-3 !

* In addition, Flair comes with an o Froparis
extensive library of materials (elemental e o

and compounds) that can be imported e AN e e o
into the input
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The mput at aglance

[ 1Physics

{1 Transport
{1Biasing
{1Scoring
{_IFlair

{1 Preprocessor

':Ej # Preprocessor v X Delete
@ Waterial v (& Change v

4 Show~ & Move Up  =all*
() Comment~

Statev #Edit Card & Move Down

RANDOMI Z

Initialization of random number sequence (“seed”)

e Allows using different random sequences as needed when several
simulations are run on several CPU in parallel

e Flair takes care of the using different “random seeds” when
spawning runs

START

Definition of number of primary particles

e Starts the simulation
e Results returned as average over the cascades induced by the
given number of primary particles

4

[curren

T
Reg: shield2 v toReg: v Step:
) BlASING Type: Low neutrons v RR: Imp: 0.125
Opt: ¥ Reg: shield3 v toReg: v Step:
3 BIASING Type: Low neutrons v RR: imp: 0.0625
Oopt: v Reg: shieldd » toReg: ¥ Step:
3 BIASING Type: Low neutrons v RR: imp: 0.03125
Oopt: v Reg: shield5 v toReg: ¥ Step:
3 BIASING Type: Low neutrons v RR: imp: 0.015625
Oopt: v Reg: shield6 v toReg: ¥ Step:
3 BIASING Type: Hadrons & Muons v RR: Imp: 2.
Oopt: v Reg: shcapspl v toReg: v Step:
*; BIASING Type: Hadrons & Muons ¥ RR: Imp: 4.
opt: ¥ Reg: shieldp2 v toReg: v Step:
«; BIASING Type: Hadrons & Muons ¥ RR: Imp: 8.
opt: ¥ Reg: shieldp3 v  toReg: v Step:
«; BIASING Type: Hadrons & Muons ¥ RR: Imp: 16.
opt: ¥ Reg: shieldpd v toReg: v Step:
«; BIASING Type: Hadrons & Muons ¥ RR: Imp: 32.
opt: ¥ Reg: shieldp5 v toReg: v Step:
«; BIASING Type: Hadrons & Muons ¥ RR: Imp: 64.
opt: ¥ Reg: shieldpb v toReg: v Step:
« BIASING Type: Hadrons & Muons ¥ RR: Imp: 0.5
Oopt: v Reg: shcaps v toReg: ¥ Step:
3 BIASING Type: Hadrons & Muons v RR: imp: 0.25
Oopt: v Reg: shield2 v toReg: ¥ Step:
3 BIASING Type: Hadrons & Muons v RR: imp: 0.125
Oopt: v Reg: shield3 » toReg: ¥ Step:
3 BIASING Type: Hadrons & Muons v RR: :
Oopt: v Reg: shieldd » toReg: ¥ Step:
3 BIASING Type: Hadrons & Muons v RR: :
Oopt: v Reg: shield5 v toReg: ¥
«; BIASING Type: Hadrons & Muons ¥ RR: p: 0.015625
opt: ¥ reg: shieldé v toReg: v /
£
= USRBIN unit: 35 BIN v,
Type: R-@-Z v Rmin: 0.0 Rmax: 240
part: NEUTRON v X: Y:
Zmin: -100. Zmax: 15
@ RANDOMIZ Unit: 01 v seed
T START No.: 5000. Core:
@ Time: Report: default v
STOP - >
g
4 ¥
R T P DU A S DU AP Y - RN DR I 3
STOP

STOP

Stop the execution of the program

* Not really mandatory (program stops at the end of the input)
 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
, e &
/
/ / /
/ /
/ /
/ /
[ / T
________________________________ // // _____
:40 ........................................ - _ — Q0
\ Vo PO | | L I L R T eiesSss_m——— —— —— T T
\ \
_________________________ |
\
! L

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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Bodies and regions

Following bodies are available in FLUKA:

Planes

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

« Boxes
 RPP: Rectangular ParallelePiped

 Sphere and spheroid
 SPH: SPHere
 ELL: ELLipsoid of revolution

 Cylinders and cones
« 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

e Other
« 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

e 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)
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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: el
normal vector
inside (points to the outside)
outside outside / outside

See next slides for details
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The outer “black hole” confinement

~Outer sphere

/

 FLUKA defines a special material called
BLCKHOLE:

« BLCKHOLE is an all-absorbing material

« Particles vanish when entering a region filled with
BLCKHOLE

Simulation geometry

E
—aocneo e a—eer = Sasocneassenesam o e e

* 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)

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

Ho o | & e @] input | & 2
L 4 Cut 83 ] New~ Z&Flukav ':Ej # Preprocessor v )¢ Delete B8 Show~ 4 Move Up =all*
540 New~ AFlukav # Preprocessor v X Delete B Show~ 4 Move Up 25 Load ¥ Import v @ Material v {3 Change v ) Comment~ | [search

4 Cut ED:'
% Load % Import v @ Material v (& Change »

[ Paste 53 Copy L0\ save~ & Export v| Add~[Adc Clone  |statew #PEditCard & Move Down e
o]
Paste {3Copy .0|(] savew o Exportv| Addv|ico % Clone

) comment~|coio B

Statew 7 Edit Card & Move Down |f=place

©) Input A X
3 -9 »teryo —  +twvuy L ——————— 1/ 1 1E
e e e e {1General " |l*+ END
% BEAMPOS _1Primary
{1Geometry Regions
{(QMedia | [|| = -
Geometry {1Physics
________ {1 Transport Blackhole
. GEOBEGIN Accuracy: Option: ¥ Paren: _1Biasing @ REGION BLKHOLE Neigh: 5
Geometry: ¥ out: v Fm: COMBNAME v L1Scoring expr: +BLK -VOID

Title: Cylindrical Target

_1Preprocessor Target segment 1

() Preprocessar Bodies @ REGION TARGS1 Neigh: 5
---- expr: +TARG -ZTlow +T1lseg
Target segment 2
Blackhole to include geometry & REGION TARGS?2 Neigh: 5
@ SPH BLK 0.0 y: 0.0 2 0.0 expr: +TARG -Tlseg +T2seg
R: 10000. Target segment 3
Void sphere @ REGION TARGS3 Neigh: 5
@ SPH voiD x: 0.0 y: 0.0 2 0.0 expr: +TARG -T2seg +ZThigh
R: 1000. @ REGION outside Neigh: 5
Infinite cylinder expr: +VOID -sh6 | +VOID +pm100 | +VOID -ppl50
@ ZCC TARG % 0.0 y: 0.0 R 5.
planes cutting the cylinder Air around target
L XYP ZTlow 2 0.0 @ REGION nNCO2 Neigh: 5
= XYP Tlseg 2 1. expr: | +capsu||e —T;_IF'}G
+capsule +ZTlow
L XYP T2seg z 2. I +capsule -ZThigh
L XYP ZThigh 2 10.
& RCC capsule « 0.0 y: 0.0 z -10. Shield around capsule
Hx: 0.0 Hy: 0.0 Hz: 40 @ REGION shcapspl Neigh: 5
R: 10. expr: +shl-capsule-pm100 +ppl50 -y0
@ ZCC sh1 % 0.0 y: 0.0 R 40. Shield 4 |
) . ) ield around capsule
: §§E shz 0.0 ¥ 0.0 : 80. © REGION shcaps Neigh: 5
sh3 x: 0.0 y: 0.0 R: 120.
expr: +shl-capsule-pm100 +ppl50 +y0
8 ZCC <4 x: 0.0 ¥:0.0 R 160. © REGION shields Neigh: 5
@ ZCC sns5 % 0.0 y:0.0 7: 200. expr: +y0+5h6-sh5 -pm100 +pp150
@ ZCC she x: 0.0 y: 0.0 R: 240. @ REGION shields Neigh: 5
L XYP pm100 z:-100. expr: +y0+sh5-sh4 -pm100 +pp150
L XYP pp1so 2 150. @ REGION shield4 Neigh: 5
i XZP 0 v 0.0 expr: +y0+sh4-sh3 -pm100 +ppl50
+ END @ REGION shield3 Neigh: 5
expr: +y0+sh3-sh2 -pm100 +ppl50
Reglons + END
] +' GEOEND cv

T S N R TUrI P: DU DI . S . S T - DU Y
TITLE
FLUKA Course Exercise

K]
T N ST i JAPIVE TR A SRS S T N - I TR
XZP y0O 0.0

4 I G ET
Fluka: ex_Biasing.flair

[Current:2 Total:98 1 I AT

Fluka: ex_Biasing.flair urrent:23 Total:100
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Flair geometry editor

+ /home/alechner/sup/fluka-course/geo_example.flair - flair
@3 Geometry | 5 :

pPan (A @ region X Delete +f+Move  (@Volume [ Lock £ <geo example> ¥| {2Rotdefi P Orthogonal
[:% orbit L, A A £ Transform (=Rotate |l Export 5 Freeze~ & Layerw == Layout™ J..Transfurm
Select @‘ﬂfﬂ p Body Zone 4 Object v mclone 23 Repeat 61 Movie  Visibility v @ Wireframe» @Refresh @Synchromze ﬁ:) Expand

o

Allows creating
geometries at a (few) e

G v 4| 4| O] @ Meda
#

\

SPH spin /7 WOID TARGET
H SPH big /
Mmouse CIICK\S s / oo
e XYP plane
ZCC cylinder /
REGION  BLKBODY {
REGION  VOID oD _{ ______ | .
REGION  TARGET \ voID | WD
BEAM  PROTON \
\
\ ! YOID
\ \
VOID N wvoID e
\\
-

iy B 10 g 19

v @inese  (vifene w4 oG] @iMedn v e ]
N N

S ropares S

name -
comment - o
type i e

o | vem [ w0
VDID\ ]\ = ) TREGET] n1p

|

1

\ YOID

[
!

1 10 Z
Fluka: geo_example.flair x: 0.01929505881 y: 0 Z: 6.068442585 ‘Body: big [SPH]
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Scoring of physical quantities
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FLUKA scoring

e 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 guantities of
Interest can be requested directly from the input file
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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

User code needed
for processing of

_ _ custom scoring!
Results normalised per primary
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The FLUKA estimatorr Z00

B USRBIN : : :
‘ Energy deposition } EVENTBIN [ On a grid or in selected regions
{ VS. position } USRBIN { On a grid Energy-integrated
USRTRACK [ : : : :
USRCOLL } { In a region ) Single-differential
Fluence ] ‘ VS. energy ] USRBDX } [ On a surface Double-differential
{ L E’esurf
P
| ( On a surface Double-differential,
{ Vf).reort]re\;gry } ‘ USRY IELD i } J single interval on 2
~ Atinteraction ]| variable.
g If angle, wrt 6,,c,m
! { vs. isotope RESNUCLE1 { In a region
‘ Activation |
{ VS. position USRBIN On a grid or in selected regions l
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A scoring example

r.. : » ‘ B Ne ZaFluka v # Prepresmrv X Delete & Show~ 4 Move Up
| B EE] @ Material v (& Change v () Comment~ | el
Paste -aCopy O] savew $Exportv Add-[iic | @HClone |statew fPEditCard & MoveDown Fepace [ d |
== i Lmonwsa oyl cowneuauois vl ol L B
opt: ¥ Reg: shield2 v toReg: v Step:
«; BIASING Type: Low neutrons v RR: Imp: 0.125
Opt: ¥ Reg: shield3 v toReg: v Step:
3 BIASING Type: Low neutrons v RR: imp: 0.0625 U S R B I N
{1Physics Oopt: v Reg: shield4 v toReg: ¥ Step:
;::isnpg““ =2 BIASING Type: Low neutrons v RR: Imp: 0.03125
i ! opt: v Reg: shield5 v toReg: ¥ Step: H H H 141 H
s <BIASING 11 Low nattrons + 1t Scores distributions of one of several quantities in a
Pl .gogti‘;s"lG Reg: shield6 v toReg: ¥ Step: . .
: Had &M : 2.
e e s regular spatial structure (mesh) independent from the
*; BIASING Type: Ha_drons & Muons ¥ RR: Imp: 4. . .
CBIASING 1y Hadrons & Muona o e, geometry or on aregion basis.
opt: ¥ Reg: shieldp3 v  toReg: v Step:
«; BIASING Type: Hadrons & Muons v Rg: Imp: 16. . . . .
CBIASING ettt a2 Here: neutron fluence in a cylindrical mesh around beam axis
opt: ¥ Reg: shieldp5 v toReg: v Step: . .
MBIASING e Gt e * R:0-240cmin 50 bins
« BIASING Type: Hadrons & Muons ¥ RR: Imp: 0.5 1 1 5 . 5 .
opt: Reg: sh to Reg: Step: ) '_OO O Ob
HASING st 03 Z: cmto 150cmin Ins
opt: Reg: shield2 to Reg: Step: . .
o SIAVSING wﬁj Zéﬁmn;& Mﬂoﬁi v'RR: .nf? 0.125 ° Ph | 120 b| ns
Oopt: v Reg: shield3 » toReg: ¥ Step:
3 BIASING : Had &M : :0.0625 . . M M
v o siedy wrs v e Results in units of 1/cm? per primary particle
3 BIASING Type: Hadrons & Muons v RR: imp: 0.03125
Oopt: v Reg: shield5 v toReg: ¥ Step:
«2 BIASING Type: Hadrons & Muons ¥ RR: imp: 0.015625 /
opt: ¥ Reg: shield6 v toReg: v Step: y
ﬁ; USRBIN Unit 35 BINY  name: det /
Type: R-®-Z v Rmin: 0.0 Rmax: 240. NR: 50.
part: NEUTRON v X: Y: No: 120.
Zmin: -100. Zmasx: 150. NZ: 50.
@ RANDOMIZ Unit: 01 v Seed:
® START No.: 5000. Core: ¥
Time: Report: default v . . . - .
5 sToP | ;,,/ Path length L [cm] inside the bin divided by the bin
z B ~Tv volume V [cm3] — cm / cm?3 = 1/cm?
*...+....1....+....2....+....3....+..YQ....+....5....+....6....+....?..@i
STOP
£ =
il R I ET Ol
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Visualization with Flair and the final results (examples)

Geometry
i % Oa fran G WPegion X Dotz <l @ orime y Btes B <ox_wcoring_sehutions
B 5 oo L A £ Toasstorm 65 led Expoct PR il T 1 syous
Paste yCopy | Select nte (3 | Body ZoN€ popjecrs  cione |52 Waovie | Vinikiley= () Wretrame s L ymeheanize
Geometry
eanvel |« oy | S e | ¥l 9l Red ¥ x

Edep_30 Global | ¥
optiors (3P 1
Show u|ll®
0 [ ] - LR
Palette ™

L]

...of the scoring mesh = X

850001
> B | e D P T T Ftoce B <ox scoring portor> |y T — : 5
Ul . v " L u - 1 c &
J @on | i A Trantorm o) o 3 @ Feers @ ee B lyous From Input: Saie-0f §
Paite NCopy o et uate 3 Do 208 pouers  @cwne |13 B | vamings  Weenamer| Gasew  [iSpnchuseise File: ex_scoring_solution_21 051 1 3
T TE z SE——— e = Detector: 1 EneSmall ) e
Geometry Narm: 10 ™ 3
| ¥ g Blue vz @l v = o | @ ViewushEN ¥ Magenta ¥ e A xX-offset: 1 i i
o I e
5 ” Y-offsat: | Y ;
VI Z-offset: 2
- le=0B ¥
& PRotdefi:
Transparency: | Le-08
Prompt draw
Palette: Palette le=10

i_, i:e-u
oo g R @ nelp | 0 neset | o appiy ||-s i LT
oo e T T S S N OO S T T Paia e el e
Detecion 2’!|el.im_e|221 (Fluka: ex_scoring_solution.flair a2 9435994261 y: 0 . -1 240834938 Flot saved as: Magentn - ’C
-offset
Y-offset: e . .
2-offsat Energy deposition density _ 100 MeV proton Bragg peak in water
ot 100 T 45 . ,
Rotdetiz: @
Tramsparency: [T | R = | E
Promet draw 10 5 40
Faletie: Palette “om =
2 m —]
10°%  Eas
i s~ &
' 107 = = 13p
§¥ Melp | O Reset | o Apply | 3 @ E
! . - =2 oo 4 g a4 = g 3 b 8 b 4l atal  sr £ B o3 .o e i 3 4 5 i 74 _4g o
(Fhuka: ex_sconng solution flair 0 y: 6.917738409 2: 11.3472389%%9 Piot saved as: 5% 10 oo ;— 25
— =4 =
10° 5 Tl ]
=] @
-6
10 & §15_ |
= o
786 £
107
g S1of .
8 2 i
107° 2 5| i
1 ]
-9 c
1077 G
0 L L
0 2 4 6 8 0 2 4 6 8 10
Depth [cm] Depth [cm]
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Biasing techniques

https://fluka.cern - Academic Training lecture



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

varlance e I a CPU time

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

» 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

Drawbacks
« Converges slowly

* Rare events are... “rare”
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Non-bilased Monte Carlo simulations 200000 primaries

All particle fluence - Biasing OFF

Characteristics i PR p—_— 2
. 200 - 2 e :\E
« Samples uniformly from w5 L s S
. . . E 106 §
the phase-space distribution 5 0 107 &
_ 100 L 0.8
* Preserves correlations oo | 100 2
1010 &

* Reproduces fluctuations L 10"

% [em]
All particle fluence - Biasing OFF - uncertainty

300 : r : : : 100

Drawbacks 200 L : Pl U L 1M ..
 Converges slowly w00 | ESSESE M | L, S
5 0L s - Z i
* Rare events are... “rare” o L F I 3
200 L : : i " 20 -

-300 : -I . - : : 0

-400 -200 4] 200 400 600 800
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Biased Monte Carlo simulations 200000 primaries

All particle fluence - Biasing ON

Characteristics i i
: . : U s 4
 Samples from distorted distributions | e 2
_ — 10°f% §
« Converges “quickly” 5 0 07 5
100 |- 108 G
g .2

Drawbacks 0 400 200 0 200 400 600 10"

. % [em]
° CannOt reprOduce ﬂUC'[UB.'[IOﬂS and All particle fluence - Biasing ON - uncertainty

correlations e T TP m—— =

_ _ _ 200 e 80
 Requires active reasoning and L ] 9

. = 60
experience E a | ] £
M 40 ®
- Requires user’s time to be implemented o W, 5

-200 | _
-300 : : A : 0
-400 -200 0 200 400 800 800
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Biasing techniques in FLUKA

* Region Importance Biasing (BIASING) | Suring thi .

i g this lessons we will only
Mean Free Path Biasing (LAM-BIAS) look at these 2 types
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 (LOW-DOWN)
« User defined biasing (usbset.f , usimbs.f)
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Medical applications

(...ashort “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

| B Dicom |y &8

Xrmin: Kmax: Reset

Yrmin: Yrmax: Slice = Zmin

Paste 53 Copy CJD Dicom Editor Viewer Voxel 3 Remove Zmin

Zmax: Slice =+ Zmax

» DICOM files can be browsed, Detmset o jnsmnl Aol | d]
visualised and edited (e.g. 7 RTART Mo ) 1 onRETVAE
H - - Radiothera ose lOptic Chiasm 3
anonymlsed) R:[;g%fzg.flt)t;a??;goou 1 B'F;*i." Sle B
. " " b 1.3.12.2.1107.5.7.8.100011 1 |[Optic Teb:ﬂ::] :
» Voxels can be grouped into “organs < RTPLAN: Radiotherapy Plan e e =
[ 1.3.12.2.1107.5.7.8.100011 lOptic Nerve(L) 8
. - : Radiothera ru
* ROlIs (Regions Of Interest) can be T —— &
defined p o
] ) ) Ear(R) 13
* The voxel geometry is contained in an prain 15
RPP and can be placed within a larger Crechmedss |17
combinatorial FLUKA geometry ATMax 19
IGTVpreop 20
GTVpf 21
ICTV74 26
ipofisi 23
ICTV54 24
PTVS54 29
PTVT74 31
pelle 39
Skin 35
LaserOrigin 40
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Calculating dose to organs

ﬂ-l- /home/bnv/prg/physics/flair/bingo.flair - flair A - O X%
H 9~ | & ft i ] chomm
e | cu fee] Gl Planned: .5 ‘ﬂ ‘ﬂNnrm: 1.0 ﬂ
= # ( f E] n E Calculated: -5 bingo-1_99.bnn |¥|11-DOSE | ¥| Norm: |=rtplan_weight1/Gy ¥|
Paste 33 Copy og| D! RTSTRUCT: 1.3.12.2.1107.5.7.8.10021.30000012011214454019300000490 ¥
. . . ©
Correction factors for the density e — T
£ b RT*RT_HeadThin (Adult) 1 GTvold |2
and dE/dx can be specified  Kib0st. fmtomerpy oose [owtc cham |3
»1.3.12.2.1107.5.7.8.100011 Brain Stem 4
b 13.12.2.1107.5.7.8.100011 1 ?ﬁ;ﬁ:ﬂ? :
: Radioth I
 The RTPLAN can be converted T svianororatmn 2 [emPlobesn 7
. — RTSTRUCT: Radiotherapy Stru E)?eI(CR} erve g
to a FLUKA |nput RTStructureSet.dem 1 leyel) 1o
Lens(R) 11
Le::(L) 12
Ear(R) 13
« RTDOSE: the calculated data Farl) s
orech med dx 16
can be compared to the planned prech medsx |17
dose IATMdx 19
GTVpreop 20 =
ETT\\:?; ié Dose Volume Histogram
. . ipofisi 23 100 4
« Automatic generation of DVH cTvss 24
. PTV74 31 80 -
(Dose Volume Histogram) pelle » | = v
LaserOrigin 40 E 601 — PTV74[31]
table origin 41 — E pelle [39]
* Relevant cards: VOXELS, ervertex | S 0| - dasnesplamed
canc 43 d —— solid:calculated
CTV54vertex 45
CORRFACT, RAD-BIOL CVTaveter  ig
! ! PTVS4vertex 47
PTV74vertex 48
TPSSCORE o
0 02 05 075 1 125 15
Dose [Gv]
2.00 10.0
Min: [_|_| Max: | | Ax:l |
Window Center: | == Width: [_|_| Preset: Adl
75
7] Slice: | |
Fluka: bingo.flair [ i) 3¢
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Some examples
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Accelerator geometries

Vertical
SO0

Beam orbit
IIr\II
000 + | | | } b}
II Ii
f |P — 18 B s .
o 3000 [ - A e g :
i —— ) o il I,I f _f"'
= FLUKA — o | AR M = e . ; i 8
2000 H TWIss - | /’) | i Ao - —g ——— ] (|l = B
100G : / i | ! ".\.v_h - ' TR e : Bl = Li |
iy Il 1 Il ] ) _""."---.._..__._
-2500 =20M) 150 -100 =30
(1)

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.

LINE BUILDER

[A. Mereghetti et al.,
IPAC2012, WEPPDO071, 2687]
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Beam loss description at the LHC A Lechner etal

Phys. Rev. AB 22 (2019) 071003]

10 } Fill 2692 =«  Fill 2984 —— 10"
: Fill 2736 —— Simulation —&— - .

Fill 2651 —< Fill 3236 ——
Fill 2984 —— Simulation —#—

beam
_h-

Dpy; i /NI (pGy)
=
Dy /N (pGy)
=

[ IR1 (ATLAS) , F IRS (LHCb)

20 24 28 32 36 40 44 48 52 56 23335 23340 23345 23350 23355 23360 23365 23370
s (m) s (m)

10
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Activation benchmarking

@ CERN SHIELDING BENCHMARK FACILITY (24 GeV/c p)

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

360cm of concrete and barite concrete

plus 80cm of cast iron
Side View

Marble

Horizontal cut at 560cm height

240em

11 Bismuth and Aluminum samples
at different heights in CSBF and also
inside CHARM (@ -80cm)

Dcm = Height

A\
U
R2E

Production yield (#/atoms/p)

1e-31

1e-33 |

1e-34

[E. lliopoulou and R. Froeschl]

Comparison of FLUKA and y-spectrometry values by CERN

L0 @ e

i-206 Meas. —e—
'_205 Meas_ ] -ee e

N R i
Bi-206 FLUKA - G- -! =
1e-35 [Bj-205 FLUKA = < - -
Bi-204 FLUKA - G-
Bi-203 FLUKA
Bi-202 FLUKA - & -
Na-24 FLUKA : ©
35
g 3
(4]
a2 2
2 15
S
o
0
2120 -80 -40 0 40 80 120 160 200 240

Shielding thickness (cm)

@ CHARM (CERN High energy AcceleRator Mixed field facility,

to study radiation effects on electronic components)
5 x 101! protons/pulse, 350ms pulse length, max. average beam intensity 6.6 x 10° p/s
three 50cm long 8cm diameter targets: Copper, Aluminum, Aluminum with holes
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Medical physics: radiotherapy

Bragg peak in a water phantom
: : E : E : : 400 MeV/A C beam:
L e oo o o T S The importance of fragmentation

Arbitrary units

3 I TR SRR PRPPY SOOPI PR RRP P TPPRPPRTITTROS SRTERTRISTRIES SESSRISPY © A SRRRY B SOPPRTE T RO PRI SRR
o o e — T primaryibeam..iZ. 8. i
JEsecondary fragments : e o T

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, 2008]
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Dosimetry and cosmic

« 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

[Solid lines: FLUKA simulation 0 0 2 4 B 8 10

S. Roesler et al.,

Rad. Prot. Dosim. 98 (2002) 367]

rays

Ambient dose equivalent from neutrons
at solar maximum on commercial flights
from Seattle to Hamburg and from Frankfurt to Johannesburg

5 | T I

1
SEA-HAM +—e—i
Neutrons FRALINE %

Ambient Dose Equivalent Rate {(uSw/h)

Elapzed Time (hrs)
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