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Outline

* Simple radiotherapy exercises: simulated longitudinal
Depth Dose Profiles in a water phantom using:
* Photons
* Protons

-  12Cions

* Anadvanced radiotherapy case: a proton beam on a real
patient case

« Simple nuclear medicine example: a '8F source in a water
phantom




1) Predicting the Longitudinal Profile of Dose deposited
by a proton beam in a water phantom

150n‘1/v

———>

P beam
150 MeV

15cm

FLUKA input:
proton.inp

A
\ 4

25 cm

We can manage this simple problem by means of Flair, the graphical user interfcace of FLUKA

It is a tool based on Python3, Gnuplot and C++ programming languages which allows users to
manage most of simulation cases without any need of code programming
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FLAIR

In a terminal window we just give the line command:
flair proton.inp

lii & cut

Clipboard

A e & Flair

_I"_
Paste S2COPY |pnaw Open~¥ Savev

Title: |Proton150 MeV

& o

cument Print Refresh

Publish Tools
Flair

% proton.flair - flair

ﬁ\ Report .
% 3 Updates m
Config E.Ab{:ut Exit

Close

 Mat
NOLES

By selecting Input menu we
can inspect and understand
allthe directives (“data cards”)
for this problem

Inp: proton.inp

|Dir: jusersybattist/FisicaMedica/ScuolaSpec2026 Exe:

|"




. The input data cards

' proton.flair - flair

| B

=3 M cut ] Mew= % Export - # Preprocessor + X Delete =4 show~ @ Move Up |ﬂ 2 (o viewer
_j [ Load @ Material - ) Comment= Sea - fEditDr
- A‘-“‘ . Add~ (&) Change - ¥ Clone |state~ (& Refresh L Bz ban
starting example
Set the defaults for precision simulations
@DEFAULTS PRECISIO -
Define the beam characteristics
#BEAM Beam: Energy - E:D.15 Fart: PROTOM -
Ap: Flat - hp: Lf: Flat - Ag:
Shape(): Rectangular + (b Shape(¥): Rectangular + Doy
Define the beam position
WBEAMPOS 0.0 ¥ 0.0 7 -0.5
COSX: Cosy: Type: POSITIVE =
4 EMFCUT Type: transport +
Bg Preprocessor e-g+ Thresheld: Kinetic = e-e+ Ekin: 0.0001 Vi 0.0001
Reg: =« to Reg: @LASTREG - Step:
& EMFCUT Type: PROD-CUT - |
e-g+ Threshold: Kinetic = e-e+ Ekin: 0.0001 ¥i0.0001
Fudgem: 1. Mat: - to Mat: @LASTMAT -+ Step:
¥ GEOBEGIN Log: = cc: Opt: »
Geometry: « Out: - Fmt: COMBMNAME «
Title:
Black body
OSPH blkbody %2 0.0 v 0.0 . 0.0
F:10000.0
Void sphere
@spPH void % 0.0 vi-4 7 0.0
F:1000.0
lindrical target
gRPP target Xmin: -7.5 Xmax: 7.5
Ymin: -7.5 Ymax: 7.5
Zmin: 0.0 Zmax: 25 4
R I SN U SUPUPINE PRPT" SUPEPIE P S N P . I P =
TITLE ﬂj
starting example
A
Inp: proton.inp Active:1 Total:23 gﬁ“f},‘




. The geometry viewer

200 || proton flair - flair

d Geometry | 43 -

e - opran (A @ Region X Delete {2 Lock & <proton=> |ﬂ
f r_ﬁ & Cut ®orbit L1, A A QRO?I'—DEFI (& wireframe v | &5 Lapver' 28 Layout~ YOU can have
Paste SaCopy | Select yinfo (@ |Body Zone @ gpject w [ Clone | visibility v %% Selection> | (& Reload £ Reset . .
- - different cartesian
» Geometry A x . .
® Geometry | & Layers | Evors | | 4 v) | || & 30 viklres  v|= || v] #] 5| G|l Blmeda | w|A[Green v| =[] projections, 3D
EEQF&J Al 3 | Top views, and other
Type | Name E OptiOnS
SPH blkbody
SPH void
RPP target
REGION  BLKBODY | ||/ |~~~ ~~~~ — |~~~ ~~~~~~ "~~~
REGION  VOID
REGION  TARGET
BEAM PROTON -10 !
_ e ! YOII
. Z—1\0*1,0 | 10 20 30 40 2
S v/ 2]C) [ @redn | viklone  v] =M% v+ ]Gl @lMeda | v] d]rogeria _v] =l
Properties ‘ | Lef 40 | Rk Different colors
i | i represent different
materials
. : i
¥ EE 10 20 20 z o 20 20 10 io —u:'; -20  -30%
E— Inp: proton.inp x: -32.48227672  y: -11.43750885  z: 28.09993705 | I




Important to know in advance

FLUKA units
Ftime— s

@length = Ccm
@energy — GeV

L masses = GeV/c?
% B — Tesla

Reference frame (cartesian, right-handed)
%8z is the default primary beam direction (can be changed)
@y Is pointing upwards

X




- Analyzing input - 1

Select particle
(menu)

=

Primary energy

N\ proton.flair - flair

# Preprocessor - 2 Delete
' Material -

Add~ (&) Change -

- *g||*
ﬁ Show & Move Up all
Q Comment :

3 Clone | State» (&' Refresh ¥ Move Down |

starting example
Set the defaults for precision simulations
@DEFAULTE PRECISIO -

E:0.15

Ap: Flat - Ap: Ld: Flat - Ag:
Shape(X): Rectangular - Ax: Shape(Y): Rectangular - Ay:
Define the beam position
WBEAMPOS % 0.0

¥ 0.0 Z: -0.5
: : POSITIVE -

TR LRanspo
B Preprocessor g-g+ Threshold: Kinetic » e-g+ Ekin: 0,0001 v 0.0001
Reg: = to Reg: @LASTREG - Step:
Jﬁ EMFCUT Type: PROD-CUT - -
g-g+ Thresheld: Kinetic - ce+ Ekin: 0.0001 i 0.0001
Fudgem: 1. Mat: = D @LASTMAT - Step:

Primary coordinates, angle and direction




p AnaIVZIng InPUt - 2 Body of Phantom (Rectangular Parallelepiped)

E £ and we call it phant .
e0 e x| frote

] MNew~ ;},Expnrt . B # Preprocessor - 2 Delete = show~ # Move Up *5(|*
Lﬁ Load ' Material -

i

== M Cut

B

# Move Down

Opt:
eometry: = Out: » Fmt: COMBMAME -

¥ GEOBEGIN

Title:
Black body
@ sPH blkbody 0.0 v 0.0 21 0.0
R:10000.0
void sphere § Coordinates of vertices |
@ SPH void 0.0 -4 2 0.0

R 1000.0

lindrical target
__|Preprocessor 3RPP g phant . 7.5

Ymin: -7.5 Ymax: 7.5
Zmin: 0.0 Zmax: 25,

% END

Black hole

W@ REGION BLEBODY Meigh: 5

Expr +blkbody -void

Void around

'“Eﬁrufﬁ.pr.iﬂf’d hant Defining the B&dy phant as a Region called PHANTOM

Target

W@ REGION PHAMNTOM Meigh: §

Expr: +phant

% END
4! GEOEND

Z"-":t




. Analyzing input - 3

] New= % Export -

[ﬁ Load

Add~ fﬁ Change -

Black hole

#BREGION BLKBODY
EXpr +blkbody -void
Yoid around

WBREGION  VOID
£xXpr +void -phant

Target

@ REGION PHANTOM
EXpr +phant

# END

4 GEOEND

_1Preprocessor

E # Preprocessor - 9§ Delete
@ Material «

%] proton.flair - flair

ﬂ Show

Q Comment~
mcmne State v @ Refresh

i@ Move Up

& Move Down |

*all*

|ﬂ .& &‘Jviewr

| # Editor

™ &, | =4 Print

Assigning material WATER to region

R P TUT UUE N S OO DU SPR. SN . DU U T I

e ASSIGNMA
Mat{Decay): -«

PHANTOM 2o
Meigh: 5§
Meigh: 5
Mat: BLCKHOLE - Reg: BLKBODY - to Reg: »
Step: Field: = Synchroton rad: »
Mat: WACUUM -« Reg: VOID - to Reg: »

Mat: WATER -

" PHAMNTOM -

&k Scorlng E
= USRBIN

Setting the seed of Random numbers

1 BIN -

Type: X-Y-2

Fart: DOSE -

Ymin: -G,
Zmin: 0.0

Unit g1 »

Mo.: 10000.

.

Setting the number of primaries

o

NY:1200.
Z:1200.

=i



_ Analyzing input - 4

It SR B

__1Preprocessor

] New~ i Export -

[3 Load

' Material -
Add- @Change .

Black hole

W@ REGION BLKBODY
expr: +blkbody -void

Void around

@ REGION VOID
EXpr +void -phant

Target

4 REGION PHAMNTOM
EXpr +phant

% END

4/ GEOEND

B # Preprocessor - oL Delete

mCHJI'IE

%] proton.flair - flair

5 Show~

Q Comment~
State = @ Refresh

i Move Up ] |ﬂ & (oviewer

4 Move Down | ] A%éx:

| H

| # Editor

Setting the scoring of Dose, using the USRBIN
option: here a X-Y-Z grid superimposed to a
region of space (in out case over the Phantom)

+o 2SS BT

a-ASSIGNMA
Mat{Decay): «

g ASSIGNMA
Mat[Decay): -«

@ ASSIGNMA
Mat{Decay): -«

3 RANDOMIZ

Mat: BLCKHOLE -
Step:

Mat: VACUUM -
Step:

Mat: WATER -
Step:

Unitgg »

Set the number of primary histories to be simulated in the run

# START

Moo 10000.
Time:

V

Meigh: §
Reg: BLKBODY - to Reg: -
Field: «» Synchroton rad: «
Reg: WwoOID - to Reg: »
Field: «» Synchroton rad: -
Feg: PHANTOM - to Reg: »
Field: «» Synchroton rad: -

Unit: 21 BIN - MName: Edep
Xmax: 10 ME: 200,

Ymax: 10 MY 1
Zmax: 25, MNZ: 250

Will write output on “Logical Unit” no. 21
as a binaryfile

e | =l



__1Preprocessor

L] New~

Lﬁ Load

Q}Expnrt "

Black hole
@ REGION BLEKBODY Meigh:
EXpri +blkbody -void
Void around
@ REGION VOID Neigh:
Expri +void -phant
Target
@ REGION PHAMNTOM Meigh:
expri +phant
¥ END
%' GEOEND .
B U U NS TR U SO . T U i DO IR
e ASSIGNMA Mat: BLCKHOLE - Reg:
Mat{Decay): -« Step: Field:
e ASSIGNMA Mat: VACUUM - Reg:
Mat{Decay): -« Step: Field:
e ASSIGNMA Mat: WATER = Reg:
Mat{Decay): -« Step: Field:

# Preprocessor - 9 Delete

E['I:I @ Material

Add~ @Change o

ﬂ Show~

Q Comment~
Imﬁ:l{mne State » @ Refresh

%/ proton.flair - flair

i@ Move Up

4 Move Down |

*all*

| &
|ﬂ & l&‘)‘-!iewer

| # Editor

BLKBODY -

VoID -

PHANTOM -

o

to Reg: «
Synchroton rad: -
to Reg: «
Synchroton rad:
to Reg: «
Synchroton rad:

o SCDring o .
[ USRBIN Setting the seed of Random numbers 18-
Type: ¥-¥-2 — .
Fart: DOSE - Tmik: -6, Ymax: G,
ZmNy0.0 Zmax: 1

Unit g »

Mo.: 10000.

Setting the number of primaries
(take 20000)




‘ Managing the simulation run Stort bution

200

4 Cut

Paste 52 Copy

|%| + proton.flair - flair

4 Move Up ¥ Remove ,& *Default ﬂ Prewv: |0 = % @CYElE
I:II:IJ:I & Move Down QLDDD CDntinue Mo: |3 @‘ @JRUH

Runs  Files  Data | Add gepename [ Clone | &P Attach To:[3 , =i Clean 3¢ ki Refresh S

Title [Proton150 MeV

<proton> ~ |Primaries | Rnd |0 al
Time |C- Exe|ﬂukadpm3 E @
Defines Default Defines | \
J Name Value |

Set the number of statistically
independent runs (cycles, alias
“batches”)

Let’s take 3

Select the FLUKA standard
executable.

Use flukadpm3, which is
present in the FLUKA installation

directory
~Progress
Status: Finished OK Input: proton Dir:
Started: ETA: Time/prim:
Elapsed: Cycle: Run:
Gees:
Jlemeress

Inp: proton.inp |Runnlng 0 outof 1 Ef/’;




‘ Managing the s\imulation run

[%| + proton.flair - flair

* % e i Move Up XReme ﬁmﬂwﬂ: e Y i Cycle @ Q

4 Move Down C}SLDDp Cnntinue No: |5 @ @Run

Files Add  glepename [P Clone | & Attach To: |3 SRR Loy RETEER AR

ﬂ Run | Spawn| TItIe|Pru:tu:r‘ 150 MeVv
Primaries ||:- Rnd |C'
Time|l:- Exe||’IL.ka|:Iprr‘3
Defines Default Defines |
J Name Value |

Here you can check the progress of simulation run

¥
~Progress
Status: Running ¢ Input: proton Dir: fluka_13525
Started: 2026.02.23 13:30:52 ETA: 2026.02.23 13:31:03 Time/prim: 0.295352 ms
Elapsed: 354.422 ms Cycle: 2.59909 s Run: 10.7061 s

cles: urrent: 0 1 0%
les = t: 1 [3] Completed: 0%
Primaries: Current: 1201 [10000] Completed: 12%

Inp: proton.inp |Runnlngﬂ out of 1 Q;“;;

El




. Post-processing qf results when the run is finished

= 9 New -
e ~
4 ¥ Remove | =7

Scan ale Rename

|%| + proton.flair - flair

4 Add !'
.
X Remove | W

Refresh *-n jles Clean Process

~

ﬂ Run Spawn _J rUshox

Run Command Output Unit
f< proton = usrbin proton_21.bnn 21 —
< proton> usrbin proton_22.bnn 22
1) Select Data button
Ld
|45 Parameters | B Files |
File Type Size Date
proton001_fort.21 21 200238 2026.02.23 13:30:57 Al
proton002_fort.21 21 200238 2026.02.23 13:31:01
proton003_fort.21 \ 21 200238 2026.02.23 13:31:06
It will merge the output files from the n
independent cycles and will produce the
output USRBIN file (*.bnn)
7] ¥
Inp: proton.inp Files: 0 Q;},‘




. Plotting results

5) Produce plot by pressing Plot button

opdn.flair - flair

i Move Up 3 Delete kK save~
& Move Down

0z EIE Rename tCHJI'IE g Motes Clean Plot

A X
[ itte: [prot #1 Display: 0 %]

‘\ Y

4) Select Z projection

rAxes
¥ [Label / Log Min Max
_x / m |
ol / | -l
1) Add a plot of USRBIN type / ] |
=
File: |pr0t0n_21.bnn @ ﬂtlkstarting example
Cycles: 3 Primaries: 30000 Weight: 30000.0 Time: *¥**¥%* Sum file **¥ . .
i 3) Select 1D Projection
_ Det: 1 Edep | w|: [-10 .. 10] x 200 (0.1) Min: 2.87381585E-08
Type: 10: X-Y-Z Y: [-10 .. 10] x 1 (20) Max: 1.27492545E-04
Score: DOSE Z:[0..25] x 250 (0.1) Int: 0.14412678821831093
~Projection & Limits Type: 1D Projection |ﬂ
X |v]1 3= |v| Get | oOptions
('Y w1 2= |w| I swap Type: histerror |v|
& 7 v 2 | w| I errors Color: | ¥| Line width:|0 3]
Nor,& Point type: dot | v| Pointsize:0 3
e ———— - —
R ————

Bl

7|
Inp: proton.inp Plot completed Q ;“/;'




. Plotting results

I R B

r
000

proton.flair-0: Plot #1

) 5 e meer ey

8x107°

7x107°

6x107

5x107 |

4x107 |

3x107° |

2x107 |

1x107 |

Plot #1

20

25



. Plotting results

|%| + proton.flair - flair

Ho o @ & < R Run | &l Plot = L
# cut EII}I #& Move Up ¥ Delete | save~ }'
r_ﬁ Add W # Move Down 4 Pri 3 E
Paste 53 Copy . oz ale Rename tCHJI'IE D) Notek Clean Plot
3 Plot A x
2= proton_plotel - || Title: ||Piot #1 Display: 0 =
o Red -
W Green g \
o EBlue ¥ |Label . . Max
@ tagenta <] | Plotcan be saved in different formats n
H | |
_cbi | |
rBinning Detector
File:|pr0ton_21.bnn @ Title: starting example
Cycles: 3 Primaries: 30000 Weight: 30000.0 Time: ¥**%% Sym file *****
rBinning Info
Det: 1 Edep | w|X: [-10 .. 10] x 200 (0.1) Min: 2.87381585E-08
Type: 10: X-Y-Z Y: [-10 .. 10] x 1 {20) Max: 1.27492545E-04
Score: DOSE Z:[0..25] x 250 (0.1) Int: 0.14412678821831093
~Projection & Limits Type: 1D Projection |ﬂ
X |v]1 3= |v| Get | oOptions
(all'r w1 2= |w| I swap Type: histerror |v|
& 7 v 2 | w| I errors Color: | ¥| Line width:|0 3]
Norm: Point type: dot | v| Pointsize:0 3
An ascii files with the tabulation of numbers will be
also available (*.dat)
7] ¥]
Inp: proton.inp Plot completed g;ﬁ /J/,'




. Same exercise for photons

O

* | Add J(fﬁﬂham_;pz: -

s Input

# Preprocessor - ¥ Delete
' Material -

ﬁ Show

tﬂlnne State = @ Refresh

% proton.flair - flair

| E

it Move Up *all* |ﬂ -& m‘u"iewer
Q Comment~ |‘E=-.-;| 'ch [y fEditDr
& Move Down | ] gi;}c =4 Print

_1Transport Define the beam position

It R B

Give 15 MeV
~hotons 15 MeV y 4 =
Set the defaults for precision simulations SeleCt P HOTON
@DEFAULTS PRECISIO - /
Define the beam characteristics
$#-BEAM Beam: Energy - E:0.015 Part: PHOTON -
Ap: Flat = Ap: Ad: Flat » Db
shape(X): Rectangular + i Shape(Y): Rectangular - By

In case of photons use at least 50000 primaries/cycle




Same exercise for 12C ions

YY) X + carbon.flair - flair |
k< | WFlair ) Input ©J Geometry /3 Run E_]Plot = Calculator ¥ «#
@1 M Cut ] Neww % Export - E::::I # Preprocessor = J{ Delete E4 show~ & Move up A v & (o viewer
_j 5 Load & Material - L) Comment* | [ fEditor
Paste -3 Copy i save= % Import - Add= (& Change - ¥ Clone |state~ (& Refresh # Move Down | ™ &, | A Print

Give 300 MeV/u

Select HEAVYION H

v

T TITLE “12C ions 300 MeV
Set the defaults for precision simulations

IPrimary @DEFAULTS PRECISIO -
Define the beam characteristics
#BEAM Beam: Energy « E: 0.3 Fart: HEAVYION -

Ap:

{2 HI-PROPE

YJ)BEAMPOS :-0.5

CFlair Addition card HI-PROPE to specify Zand A of ion o POSITIVE -

In case of carbonions use ~5000 primaries/cycle
(longer CPU time/primary is needed for Nucleus-Nucleus interactions)

In the case of nuclei like Deuterium, Tritium, *He and “He, specific particles exist, and energy has to be given as

L kineti
For all other nuclei, HEAVYION + HI-PROPE have to be used, and kin. energy has to be given as energy/nucleon




It R B

2) A patient case example

flair dicom.inp Or even better: flair dicom.flair

| JON | [% + [untitled] - flair

£
&orbit L

ﬁ =untitled=
() wireframe = & Layer~ B8 Layout~
(& Reload Y Reset

-

X Delete

[E A A] {: :;?Fij:,DnEFI

¥ %|Grecia

‘I:cu,':-

]7JJJJ I_GIc-baI

Options 1= i . \ \\‘
3D [X] o ' _
<add= ’

Use 3D or Lattice
visualization layers

7| R I\
I 30y
. SVDID

Projection: Orthographic |||
FOV __ ‘1910 L30 =20°4101 0" 10 20" 30" 40
Pl & vuJJuLamce ujlue I e Gl S v eae l
Ambient Light qu_li :0 i VoI Laft. 6}
Antialias: 1 T B . .
netictons: [t ... I This is avoxel geometry
shadows: v B e T obtained from a CT dicom file
Edge Detection: [ -20
Skip BLCKHOLE: [ "3
Xray Level ’7_[11_| |[|-40 }i]: RN NN
Flinnad by — 7] PPN I p; 2
i# Hel Appl : : ’,' =
M m —40 —30 -20 -10, 0 10 20 220 40 &

Inp: + x: 31.3353845 y: -26 z: -4.072100313  |Unselected all |



3) Simulating a radionuclide: 8Fluorine source

Select particle
flair 18Fluorine.inp Or even better: flair 18Fluorine.flair ISOTOPE

S Set Zand A of isotope

@ @ [%| + 18Fluorine.flair - flair
bk e | W@ Flair ) Input ) Geometry /3 Run f_]Plot | /- calculator ¥ &%
== ¥ Cut _] Neww i Export - B # Preprocessor - 3£ Delete g Show~ & Move Up Hg|* |ﬂ {% m FA—
—j Lj Load 0 Material - L_v_,l Comment~ | . _)_) Eclitcnr
Paste =3C0PY ] savew & Import - | Addw (<) Change * (P clone  state~ (&' Refresh # Move Down | s Print
w
Input A x|

=l8jInput : 18Fluorine source Al
_1General Max : . Analogue:

Geometry:

‘Momentum - P’ 'ISOTOPE -
Ly Flat -
| Shape(): Rectangular - A apeyft): Rectangular -
_ITranspert EEAMPC A 0.0 FOUL: 5. e CARTVOL "
2] Biasing ¥in: 0.0 Yout: 5,
_1Scoring Zin: 0.0 Zout: 5,
_IFlair YWBEAMPOS ¥:0.0 ¥ 0.0 7 0.0
__1Preprocessotr i — =
2HI-PROPE 19, .
HADD oY UECTVETSemi-Analogue = I ISGI cPlCasy
h/p Int: ignore - h/p LPE: ignore - hfp WW: ignore - e-e+ Int: ignore -
g-e+ LPB: ignore - e-e+ WW:ignore - Low-n Bias: ignore - Low-n WA ignore -
decay cut: 0.0 prompt cut: 0.0 Coulomb corr:
4 EMFCUT Type: transport -
g-e+ Threshold: Kinetic « e-e+ Ekin: 1e-05 Y 0.00001
Reg: » to Reg: @LASTREG Step:
4 EMFCUT Type: PROD-CUT -
e-e+ Threshold: Kinetic - e-e+ Ekin: 1e-0%9 vi0.00001
Fudgem: 1, Mat: « to Mat: @LASTMAT - Step:




The command defines a spatially extended source shaped as a Cartesian shell with the edges parallelto
the axes of the reference.

The outer and the inner parallelepiped are centred at a x,y,z point defined by another BEAMPOSit
command, which also sets the particle direction by means of a SDUM blank or = NEGATIVE.

The particle angular distribution, or lack of it, is defined by the BEAM card.

Different options: Cartesian, Cylindrical or Sherical shell Cartesian volume
®C® [X| + 18Fluorine.flair - flair
bkl e | W@ Flair ) Input L Geometry /2 Run F_]Plot | = calculator ¥ &%
== ) Cut 1 New~ "ﬂv Export - EII::ZI # Preprocessor - J Delete M show~ # Move Up *g||* |ﬂ {5% G.‘,‘Niewer
_j |~ Load @ Material - ) comment= | o) fEditor
Faste S3CopY L] savew % Import+ Addw (<) Change - £ Clone | state v (& Refresh o laiE LT | [ &, | = Print
2 Input A x
=ffajinput T TITLE 18Flucrine source —
_1General ¥ GLOBAL Max #reg: 9999, Analogue: « DNear: »
— ™ Primary Inpist: Geometry:
“1Geometry || DEFAULTS PRECISIO -
S iMedia 4 BEAM Beam: Momentum - P Part: [SOJOPE -
_1Physics — =_L _ e _L . l _— s

ITransport WG pEAMPOS

_1Flair WBEAMPOS

__1Preprocessotr Cosx oSy e

t2HI-PROPE Z9, A18, Isom:

EERADDECAY Decays: Semi-Analogue - Patch Isom: « Replicas:
h/p Int: ignore - h/p LPE: ignore - hfp WW: ignore - e-e+ Int: ignore -
g-e+ LPB: ignore - e-e+ WW: ignore - Low-n Bias: ignore - Low-n WA ignore -

decay cut: 0.0 prompt cut: Q.0 Coulomb corr: «
4 EMFCUT Type: transport -

g-e+ Threshold: Kinetic « e-e+ Ekin: 1e-05 vi0.00001

Reg: » to Reg: @LASTREG Step:

E——— # EMFCUT Type: PROD-CUT -+

e-e+ Threshold: Kinetic - e-e+ Ekin: 1e-0%9 vi0.00001

Fudgem: 1, Mat: « to Mat: @LASTMAT - Step:




In the semi-analogue mode, each single radioactive nucleus is treated in a
Monte Carlo way like all other unstable particles: a random decay time,
random daughters, random radiation are selected and tracked.

This allows for event-by-event analysis, with the time structure recorded in the
particles age variable.

Radioactive decay in
semi-analogue mode

ot ® [%| + 18Fluorine.flair - flair

kd e | W@ Flair % INout L Geometry /2 Run ] Plot = Calculator v &%
== M ocut ] Neww ~} Ex Ll EII:::I # Preprocessor - 3 Delete ﬂ Show ¥ & Move Up *g||* |ﬂ d% GJIViewer

—j |~ Load @ Material - ) comment= | [ ) ?Eclitor

Paste =3 Copy K save= i import » Wdd~ {5 Change - £ Clone | state v (& Refresh o laiE LT | [ &, | = Print

=ffajinput T TITLE 18FNgrine source —
T JGeneral % GLOBAL Max #req: 9999, Analogue: » DMNear:
| _1Primary Input: Geometry:
_1Geometry DEFAULTS PRECISIO -~
T IMedia BEAM Beam: Momentum » p: Part: ISOTOPE -
_1Physics ll‘ Ap: L"_S: Flat - N
Y Shape(X): Rectangular - Aok Shape(Y): Rectangular - oy
Ea Transport S5 BEAMPOS Xin: 0.0 Nout: 5, Type: CART-VOL -
_1Biasing Yin: 0.0 Yout: 5,
_1Scoring Zin: 0.0 Zout: 5,
_IFlair YWBEAMPOS %0.0 ¥ 0.0 7 0.0
__IPreprocessol cosx: cosy: Type: NEGATIVE -
[ 5RAD 7. 8 T ——

e RADDECAY ecays: Semi-Analogue - ‘atch Isom: - Replicas:

b/ Int: ignore - Wi LFB:ignore - h/p W ignore - e-e+ Int: ignore -
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‘ Scoring

(linear binning in energy and solid angle)

At the boundary of the phantom shells: electrons-positrons
(unit 26) and photons (unit 27) two-way fluence scoring
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Boundary fluence plots
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2-D Dose and
fluence plots
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