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Very High Energy Electrons

There is a new ingredient on
radiotherapy’s shelves!
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Very High Energy Electrons

Where VHEE research is taking place?

LOA, CNRS/Ecole Polytechnique/ ALPHA-X, (University of LWFA (LLC), Lund, Sweden
ENSTA), Paris, France Stratchclyde), Glasgow, UK Svendsen et al. 2021

Glinec et al. 2006 Subiel et al. 2014 .
Fuchs et al. 2009 . N ' PITZ & ARES (DESY), Hamburg, Germa

Stephan et al. 2022
Wanstall et al. 2024

PRAE (Paris-SudUniversity), Paris, France ‘
Stephan et al. 2022 : ' ILIL (CNR-INO), Pisa, Italy
| Giulietti et al. 2012
CLEAR (CERN), Geneva, Switzerland I Y 8y Gizzi et al. 2015
Lagzda et al. 2020 Bateman et al. 2024 - Labate et al. 2020
Poppinga et al. 2020  Hart et al. 2024 2 -,
McManus et al. 2020 Whitmore et al. 2024 J —— .
Small et al. 2021 Clements et al. 2024 TASY S :L.w::::: l’:.':ﬁi:'e'e' romans
Kokurewicz et al. 2021 Wanstall et al. 2024 AT A s

SPARC (INFN), Frascati, Italy
Subiel et al. 2014

INFN-LNF, Frascati, Italy
Faillace et al. 2022

PHASER, NLCTA (SLAC), Stanford, CA, USA
Maxim et al. 2019

Tsinghua University, Beijing, China
Guo et al. 2023

NLCTA (SLAC), Stanford, CA, USA
Bazalova-Carter et al. 2015
Palma et al. 2016

Schuler et al. 2017

CoRelS, Gwangiu, South Korea
Nakajima et al. 2014

KERI, Ansan, South Korea
Kim et al. 2020

THE TUSCANY HEALTH ECOSYSTEM 4° Meeting SPOKE 1 — December 12th 2024, Pisa — D



dall’Unione europea W~ dell’Universita
NextGenerationEU RS e della Ricerca

PIAND NAZIONALE
DI RIPRESA E RESILIENZA

Finanziato n. Ministero 1

)
* ] L 28 21 * THE
[taliadomani S O € Ty Health Ecosystem
4X

Very High Energy Electrons

Electrodes Accelerating waveguide ) ) )
Diagnostic and focusing
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Very High Energy Electrons
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Very High Energy Electrons

Electrodes Accelerating waveguide ) ) )
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Very High Energy Electrons

Do you want to know more?
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Pre prints.org

Review Not peer-reviewed version

Very High-Energy Electron Therapy
Toward Clinical Implementation: A
Review Study

Costanza Maria Vittoria Panaino ", Simona Piccinini , Maria Grazia Andreassi, Gabriele Bandini,
Andrea Borghini , Marzia Borgia, Angelo Di Naro , Luca Umberto Labate , Eleonora Maggiulli ,
Maurizio Giovanni Agostino Portaluri , Leonida Antonio Gizzi

Posted Date: 13 November 2024
doi: 10.20944/preprints202411.0913.v1

Keywords: External beam radiotherapy; VHEE; FLASH radiotherapy
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2. Particle In Cell (Pic) simulations
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In laser-plasma accelerators, VHEE beams are produced by focusing an

intense and ultrashort laser on a target.

= supersonic helium gas jet, a "transparent” plasma through which e
the laser can propagate. |

Acceleration )
field Ponderomotive
force

PIC (Particle-In-Cell) is a numerical technique allowing to
simulate the dynamics of a large collection of charged particles
(e.g, electrons or ions) interacting with electromagnetic fields
In a reduced description (i.e, dynamics of macroparticles).

¥
Accelerated electron bunch
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PIC simulations can handle scenarios of
increasing complexity, starting from simple
systems like a single nozzle.
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PIC simulations can handle scenarios of PIC simulations can also model complex systems that
increasing complexity, starting from simple encompass all three stages of laser-plasma
systems like a single nozzle. interactions: injection, acceleration, and extraction.
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3. Monte Carlo simulations
3.1 VHEE PDDs database
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VHEE PDD database

50pm2_5.txt 200pm3.txt 300pm40.txt
| 50pmb.ixt 200pm10.txt 300pm50.txt
50pm10.txt 200pm20.txt 300pm60.txt
I 50pm15.txt 200pm30.txt 300pm390.txt
50pm20.txt 200pm40.txt 300pm120.txt
| 50pm30.txt 200pm30.txt 350pmb.txt
100pmS5.txt 200pm60.txt 350pm10.txt
100pm10xt  200pm8O.txt  350pm17_5.ixt PDD Calculator
I y OOpm20.txt 250pm5.txt 350pm20.txt Select the option that you would like to work with:
’ OOmeOtxt 250pm1 OtXt 35Opm3OtXt Option1: PDD/PDDs from energy values
| 100pm40.txt 250pm12_5.txt  350pm3d.txt
150pm7_5.txt 250pm20.txt 350pm40.txt Option2: PDD from energy spectrum
I 150pm5.txt 250pm25.txt 350pm50.txt -
/ 50pm1 0. txt y) 50pm30 txt 3 50pm70 txt Option3: PDD from energy spectrum components
150pm15.ixt 250pm40.txt 350pm105.txt
I 150pm20.txt 150pm75.txt 350pm140.txt Developed for scientific research
150pm30.txt 150pm100.txt 400pm160.txt
| 150pm40.xt 300pm5.xt 400pm120.txt
150pm45.ixt 300pm10.txt 400pm80.txt
| 150pmb0.txt 300pm15.txt 400pm40.txt
150pm60.txt 300pm30.txt 400pm20.txt ——————
L o e e - - _— — -
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VHEE PDD database

O PDD Calculator | Enter energy and sigma values [MeV] (one per line):
.wﬂ-"%
am s 155 12
2 l l % 101 34
‘ 133 22.6 . .
\\ LL § 141 16 Combined PDD Plot for Multiple Beams
%.,-A,o;*‘p‘t 100.07 : —— 155pmi2.txt ‘
~——— 101pm34.txt
2 97.5 1 = 133pm22 bt
—— 141pm16.txt
PDD CaICUIator Enter the depth value in water [cm]: 95.01
Select the option that you would like to work with: 5 251
15 é 90.0 1
Option1: PDD/PDDs from energy values / —> 87.5
Select mode: 5501
Option2: PDD from energy spectrum —_—
@ Integral | New f ot |
: ew feature: Bot : ' - - : - ' '
O On-axis 0 2 4 ?)epth (cm;i 10 12 14

Option3: PDD from energy spectrum components

Developed for scientific research

Calculating...
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VHEE PDD database

PDD Calculator |

PDD Calculator

Select the option that you would like to work with:

Option1: PDD/PDDs from energy values

Option2: PDD from energy spectrum é

Option3: PDD from energy spectrum components

Developed for scientific research

Finanziato
dall’Unione europea
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[ ) PDD Calculator

Select the energy file from your computer:

Scegli file | specturm_BeamLine.txt

Processing file: specturm_BeamLine.txt

Energy Spectrum Plot

/ , dell’Universita

4000
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N
o
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Foe %
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g
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125 150
Energy [MeV]

—— Best Fit
Curve 1 (u, o, w)=(98.2 MeV, 12.7 MeV, 9.72%)
Curve 2 (u, o, w)=(141.0 MeV, 21.9 MeV, 57.60%)
Curve 3 (u, o, w)=(173.5 MeV, 29.7 MeV, 22.25%)
Curve 4 (u, o, w)=(168.7 MeV, 9.1 MeV, 10.42%)

98.2 + 12.7 MeV
141.0 £ 21.9 MeV
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PDD Calculator

PDD Calculator

Select the option that you would like to work with:

Option1: PDD/PDDs from energy values Enter energy, spread, and weight values [MeV] (one set per line):

Option2: PDD from energy spectrum e.g., 15040 0.5

Option3: PDD from energy spectrum components

Z

Developed for scientific research
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3. Monte Carlo simulations

3.2 VHEE focusing study
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Beam Focusing

From a clinical prospective beam focusing offers several
benefits such as:

a b C
Fc))cusing quadrupole: l;efocusing quadrupole: D)rif"t: : lowering entrance dOSG;
N ¥ * reducing lateral scattering in depth;
:a e — » precisely targeting small 3D volumes
v A It also allows to improve the beam point stability!

cos(\,-"'l_(L) #sin(v”?) th(\-'!m") \h sinh(\,-"'|_|l.) (1L
M= v - M= - — M—(O l)
\."Ksm(v'KL) cos(v‘K \ || nh(\ |K|I.) o h(v |K|1)
K>0 K<

* K = Magnetic rigidity  « L = Drift length

d) Symmetric focusing e) Asymmetric focusing
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a)

Focusing quadrupole:

cos ( \,-"?L) \L; sin ( VK )

. :
/K sin (VT(L) cos(\ 'K

K>0

* K = Magnetic rigidity  « L = Drift length

b)

Defocusing quadrupole:

Drift:

\r?
v
:4'

K<(

o=

u=(5 )

d) Symmetric focusing

e) Asymmetric focusing

THE TUSCANY HEALTH ECOSYSTEM

From a clinical prospective offers several benefits such as:

* lowering entrance dose;
* reducing lateral scattering in depth;

» precisely targeting small 3D volumes

It also allows to improve the beam point stability!

?
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Focusing quadrupole:

cos ( \,-"?L) \L; sin ( VK )

. :
/K sin (VT(L) cos(\ 'K

K>0

* K = Magnetic rigidity  « L = Drift length
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d) Symmetric focusing

e) Asymmetric focusing
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From a clinical prospective offers several benefits such as:

* lowering entrance dose;
* reducing lateral scattering in depth;

» precisely targeting small 3D volumes

It also allows to improve the beam point stability!
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Beam Focusing

Defocusing quadrupole: Focusing quadrupole: a, B and y are the Twiss parameters
Length L, K <0 Length L, K >0
1 1
cosh ( |K|L) ‘/m sinh (\/ |K|L) COS(\/EL) S sin(\/?L) / Bs [cos @ + @psings] [B<Bo sing, \
M = M = VK (X9))- Po ()
JVIK[sinh (IKIL)  cosh({/IKIL) —VK sin(VKL)  cos(VKL) x'(s) . j; x'o
[(ao - as) COs @5 — (1 + aOaS)Sin(pS] o [cos<ps — Qs Sin‘Ps]x’O/
\VE:Fo Bo
N
, -a\'e:j'( tan2o =";.0J(yf[})
Vey oo m——
LL34 By ' \
¢ Ve/y _
area: A = me Vep
_ —Fi;_:. 5.2. Phase space ellipse
X4 X Development of an optimisation algorithm (Python) that
(x’l) = M(s,,5,) - (x'o) identifies the optimal L1, L2, L3, L4 values

MDrift = ((]5 lll)

THE TUSCANY HEALTH ECOSYSTEM 4° Meeting SPOKE 1 — December 12th 2024, Pisa —17 ——
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Beam Focusing

>>>> (QCVhee, a GEANT4 based code >>>>
<<<< written on 202311 by Costanza Panaino <<<<
<<<< based on LEPre by Luca Labate >>>>
PODOODOIODOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOD

Configuration file: configQCVhee.txt
Entering batch mode
--> Number of lines excluding comments:
Inside readMandatoryMulti
Inside readMandatoryMulti
Inside readMandatoryMulti
Inside readMandatoryMulti
Inside readMandatoryMulti
Inside readMandatoryMulti
Inside readMandatoryMulti
readMandatoryMulti

OutputPath

OutputFrequency 1

Nquad 1

Nprimaries 1
4

4
4
4
4
4
4

4
OutputPrefix

EEEXEXXX* X dxddxdddx*

Geant4 version

EEEXEXXXX XXX X ** %%
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Beam Focusing

>>>> (QCVhee, a GEANT4 based code >>>>

<<<< written on 202311 by Costanza Panaino <<<<
<<<< based on LEPre by Luca Labate >>>>
PODOODOIODOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOD

DetectorConstruction ) No Selection GeometPY' Cpp

DetectorConstruction: :DetectorConstruction(ConfigurationFileMa'’S COﬂfigU[’ation file: COﬂfngCVhee.tXt
YT CL Y+ s VO UaNIOUA—] U7 0T
Entering batch mode
--> Number of lines excluding comments:

: : 1] Inside readMandatoryMulti
quadrupoleAssembly_box = vector<G4Box *>{ PARAM( unsigned short int, "Nquad" ) }; . .
quadrupoleAssembly_rotation = vector<G4RotationMatrix *>{ PARAM( unsigned short int, Inside readMandatoryMU.l-t‘L

"Nquad" ) }; Inside readMandatoryMulti

quadrupoleAssembly_translation = vector<G4ThreeVector *>{ PARAM( unsigned short int,

"Nquad” ) }; Inside readMandatoryMulti

, . : Inside readMandatoryMulti
quadrupoleMagField_box = vector<G4Box *>{ PARAM( unsigned short int, "Nquad" ) }; , .
quadrupoleMagnetl_box = vector<G4Box *>{ PARAM( unsigned short int, "Nquad" ) }; Inside readMBndatoryMUltl

quadrupoleMagnet2_box vector<G4Box *>{ PARAM( unsigned short int, "Nquad" ) }; InS-‘Lde readMandatoryMulti
quadrupoleMagne int, "Nquad" ) };

quadrupoleMagne ] ] int, "Nquad" ) }; readMandatoryMulti
MagneticField.cpp

ort int, "Nquad" ) };
Tysy sy, Meeee” ) 5 EAAEEXEELEIEEIEIEI L LISl i il AL L
ort int, "Nquad" ) };
void Qt2_MagField::setRotationAndTranslation ( G4Rotation hort int, "Nquad" ) };
*translation_in ) { short int, "Nquad” ) }; D ~ - - = = = = = = = = = s s e e c c e e e e e e e e e e e e e e e e e e e e e ... .-

rotation = rotation_ing gned short int, "Nquad" ) }; OutpUtPath

translation = translation_in ; onSolid *>{ PARAM( unsigned

MagneticFields ) No Selection

OutputFrequency 1
Nquad 1
Nprimaries

4

return;
}

void Qt2rir:4agFiic1c7|:i:éctFiicriéValué ( CfrJnstﬂaoLerle Point[4 > PhySiCSLiSt Cpp
L]

PhysicsList ) No Se

onSolid x>{ PARAM( unsigned

using namespace quadrupoles;
E

G4ThreeVector r_global = G4ThreeVector { Point[0] - t SetVerbosele
Point[1] - translation->y(),
Point[2] - translation->z() }; RegisterPhysics( G4EmStandardPhysics_option4());

G4ThreeVector r_local = rotation->inverse() * r_globa

double x = r_local.x() /mm;

double y = r_local.y() /mm;

double z = r_local.z() /mm;
= ! RegisterPhysics(new G4DecayPhysics());

4
4
4
4
4
4

double Bx = Qt2_K * y; . . . o .
double By = Qt2_K * x; RegisterPhysics(new G4RadioactiveDecayPhysics());

double Bz = 0.0 ; . 4
const G4ThreeVector B_local ( Bx, By, Bz ) ; 4 P OUtpUtPrele

const G4ThreeVector B_global = krotation * B_local ;

field[@] = B_global.x() ; F . EREREREEREREREREERREERER
field[1] = B_global.y() ; P 2 P

field[2] = B_global.z() ; Geant4 version
return ;
}

return ;

PhysicsList::~PhysicsList() {

}
void PhysicsList::SetCuts() {

G4VUserPhysicsList::SetCuts();  E R R R R R RS
SetDefaultCutValue(@.5%mm);

return ;

}

Before compiling...
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Beam Focusing

>>>> (QCVhee, a GEANT4 based code >>>>

<<<< written on 202311 by Costanza Panaino <<<<
<<<< based on LEPre by Luca Labate >>>>
POOOOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOD>>>

DetectorConstruction ) No Selection GeometPY' Cpp

DetectorConstruction: :DetectorConstruction(ConfigurationFileMa\ oS Conf'i_gu ration file: COﬂfngCVhee.tXt
YT CL Y+ s VO UaNIOUA—] U7 0T
Entering batch mode
--> Number of lines excluding comments: 53

/ First, allocate e vectors! Inside readMandatoryMulti
quadrupoleAssembly_box = vector<G4Box *>{ PARAM( unsigned short int, "Nquad" ) }; . -
quadrupoleAssembly_rotation = vector<G4RotationMatrix *>{ PARAM( unsigned short int, InSlde readMandatoryMU.Lt1

"Nquad" ) }; Inside readMandatoryMulti

quadrupoleAssembly_translation = vector<G4ThreeVector *>{ PARAM( unsigned short int,

"Nquad” ) }; Inside readMandatoryMulti

, , : Inside readMandatoryMulti
quadrupoleMagField_box = vector<G4Box *>{ PARAM( unsigned short int, "Nquad" ) }; . .
quadrupoleMagnetl_box = vector<G4Box *>{ PARAM( unsigned short int, "Nquad" ) }; Inside readMandatoryMultl

quadrupoleMagnet2_box = vector<G4Box *>{ PARAM( unsigned short int, "Nquad" ) }; InSide readMandatoryMulti
quadrupoleMagne int, "Nquad" ) };

quadrupoleMagne ] ] int, "Nquad" ) }; readMandatoryMulti
MagneticField.cpp

Quadrupoles_SetUp.ma

## Quadrupoles
# Number of quadrupoles in vacuum

Nquad: 4
# Quadrupole ambient positioning (@: vac

# Quadrupole type (it can be 1,2,3)
Qo0type: 2

QO1type:

QO2type:

QO3type:

Qo4type:

QO5type:

# Rotation angles (following Sakurai, Modern Quantum Mechanics, for the Euler
# angles: Rfin = (Rz(alpha) —> Ry'(beta) —> Rz'(gamma))

# ~ (Rz(alpha) *Ry(beta) *Rz(gamma))

ort int, "Nquad" ) };

hort int; “Nquad" )} EE = = = = = = > = - - - - - - e e e e CT e r T r T s T T r T r T T T T T T T T T T TS --
unction to the rotation and trans] ort int, "Nquad" ) };

void Qt2_MagField:: RotationAndTranslation ( G4Rotation hort int, "Nquad" ) };
*tran51at1°n—1n ) 1 { short int, Iquuadll ) }; _______________________________________________

rotation = rotation_ing gned short int, "Nquad" ) }; OutputPath

translation = translation_in ; onSolid *>{ PARAM( unsigned

MagneticFields ) No Selection

sSource.mac
/gps/particle e-

OutputFrequency 1 /gps/ene/mono 100 MeV

Nquad 1
Nprimaries
4

return;

, onSolid x>{ PARAM( unsigned

/gps/pos/centre 0. 0. -1500 mm
/gps/pos/radius 1 mm
/gps/pos/type Beam
/gps/pos/shape Circle

voi;t;{;ﬂagﬁcldf:é;;FicldVam;Z c;n;;;;;ble Point[4 ; PhySiCSLiSt Cpp
L]

PhysicsList ) No Se

using namespace quadrupoles;
Physi

G4ThreeVector r_global = G4ThreeVector { Point[0] - t SetVerbosele

Point[1] - translation->y(),
Point[2] - translation->z() };

. ° RegisterPhysics( G4EmStandardPhysics_option4());
G4ThreeVector r_local = rotation->inverse() * r_globa

/score/create/l /9Ps/direction 0. 0. 1

/score/mesh/boll /gps/ang/sigma_r 0.314 rad
/score/mesh/nB

/score/mesh/tr

/score/quantit

/score/close

double x = r_local.x() /mm;
double y = r_local.y() /mm;
double z = r_local.z() /mm;

RegisterPhysics(new G4DecayPhysics());

4
4
4
4
4
4

double Bx = Qt2_K * y; . . . o .
double By = Qt2_K * x; RegisterPhysics(new G4RadioactiveDecayPhysics());

double Bz = 0.0 ; RegisterPhysics(new G4IonBi Physics 4
const G4ThreeVector B_local ( Bx, By, Bz ) ; J ‘7» ) OUtpUtPrele

const G4ThreeVector B_global = krotation * B_local ;

/run/initialize
/run/printProgress 10000

/run/beamOn 1000

field[@] = B_global.x() ; Reg 3QGSP_BIC() E R R R R R
field[1] = B_global.y() ; Re ew G4 iP

field[2] = B_global.z() ;

Geant4 version

return ;

} /score/drawProjection electronGun surfCur

return ;

PhysicsList::~PhysicsList() { /score/dumpAllQuantitiesToFile electronGun surfCur.txt

}

void PhysicsList::SetCuts() {

Scoring.mac

G4VUserPhysicsList::SetCuts();  E R R R R R RS
SetDefaultCutValue(@.5%mm);

return ;

}

Before compiling... After compiling. ..
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Focusing

1. Technical information

Neodymium supermagnet - Block magnet 60 x 30 x 15 mm, holds approx. 56 kg

Article ID Q-60-30-15-N
7640155436571
NdFeB
Block
60x30x 15 mm
60 mm
30 mm
15mm
60 x 30 mm
+/-0,1 mm
Axis 15 mm
Nickel-plated (Ni-Cu-Ni)

uring method sintered

n

netisatiol N40

approx. 56 kg (approx. 549 N)
approx. 11 kg (approx. 110 N)
ure 80°C
205,2000g
310°C
12600-12900 G, 1.26-1.29T
c 10.5-12.0 kOe, 860-955 kA/m
engthiHc 212 kOe, 2955 kA/m
ax  38-40 MGOe, 303-318 kJ/m*
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Focusing

In the lab...

>

1. Technical information
Neodymium supermagnet - Block magnet 60 x 30 x 15 mm, holds approx. 56 kg

Article ID Q-60-30-15-N
EAN 7640155436571
Material NdFeB

Shape Block

Size 60x30x 15 mm
Side 1 60 mm

Side 2 30 mm

Side 3 15 mm

. With the MBL the point size is reduced from 1.15 . 0.90 cm to 0.60 . 0.44 cm,
it -\i”/\ whereas the point stability deviation is reduced from 1.99 to 0.55 and from 2.8

m

et cesan to O. 44, for o, and G, Fres pectlve |y
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In the lab...

See Dr M. Salvadori talk...

>

1. Technical information
Neodymium supermagnet - Block magnet 60 x 30 x 15 mm, holds approx. 56 kg

Article ID Q-60-30-15-N

EAN 7640155436571

Material NdFeB

Shape Block

Size 60x30x 15 mm

Side 1 60 mm

Sid 30 mm

Sidk 15mm

Pole f: 60 x 30 mm

Toler. +/-0,1 mm

Dir f magne n Axis 15 mi

Coating Nickel-plated (Ni-Cu-Ni) -

Manufacturing method sintered e
Magnetisation N40 2

Strength approx. 56 kg (approx. 549 N)

Displacement force approx. 11 kg (approx. 110 N) /
Max. working temper. 80°C

Weight 205,2000g ~ ®,
Curie temperature 310°C Ty

Residual magnetism Br 12600-12900 G, 1.26-1.29T T
Coercive field strength bHc 10.5-12.0 kOe, 860-955 kA/m e
Coercive field strength iHc  >12 kOe, 2955 kA/m

m

nergy product (BxH)max ~ 38-40 MGOe, 303-318 kJ/m*

THE TUSCANY HEALTH ECOSYSTEM

With the MBL the point size is reduced from 1.15 . 0.90 cm to 0.60 . 0.44 cm,
whereas the point stability deviation is reduced from 1.99 to 0.55 and from 2.8
to 0.44, for -, and .,, respectively.
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3. Monte Carlo simulations

3.3 VHEE dosimetric assessment
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VHEE Dosimetric
assessment

Set-Up 1

THE TUSCANY HEALTH ECOSYSTEM 4° Meeting SPOKE 1 — December 12th 2024, Pisa — 21—



Finanziato
dall’Unione europea
NextGenerationEU

m, Ministero
| / dell’Universita
%3¢ e della Ricerca

—

THE TUSCANY HEALTH ECOSYSTEM

PIANO NAZIONALE
DI RIPRESA E RESILIENZA

) N
Italiadomani :2; %Eflany Health Ecosystem

VHEE Dosimetric
assessment

Set-Up 2
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VHEE Dosimetric
assessment

Set-Up 2

— See Dr S. Piccinini talk...
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3. Monte Carlo simulations

3.4 OPTIMA: VHEE Treatment Planning System (TPS)
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PiOneering Precision RadioTherapy - Inverse Monte CArlo-based

Treatment Planning System for Very High Energy Electron Beams
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Objective (Cost) Function

:

Starting guess (AMC) Staring guess (AMC)

Why GPU?

\ 4

* Compute beams number and directions
* Compute beamlets weights

| * Compute beams number and directions
* Compute beamlets weights

v \4

Compute dose with
DMF/FMFs

Compute dose

- = From clinical subcontractor - = Optimisation algorithm = GPU MC-based dose calculation engine
(Starting guess included)
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— Full primary history

Kernel 0

— Full delta-ray history

—— Full photon history

Objective (Cost) Function

:

Kernel 1

S
5 . .& /%'
Starting guess (AMC) Staring guess (AMC) & .
S
. <
| * Compute beams number and directions * Compute beams number and directions Kernel 2
| * Compute beamlets weights » Compute beamlets weights B
v =
\ 4 . ~
Compute dose Compute dose with E
DMF/FMFs Q
Kernel 0: VHEES (primaries) initialisation

Kernel 1: VHEES (primaries) transport

L] Kernel 2: Delta-rays (secondaries) transport
Kernel 3 1% generation

Kernel 3: photons (secondaries) transport
1** generation

FASTEST-THE, Bando a cascata PNRR.

G. De Nunzio, Universita del Salento

- = From clinical subcontractor - = Optimisation algorithm = GPU MC-based dose calculation engine
(Starting guess included)

4° Meeting SPOKE 1 — December 12th 2024, Pisa —25 ——




Finanziato 725, Ministero * ¥
| VAL istero . . THE
dall’Unione europea @/@ dell’Universita L [taliadomani *ok Tuscany Health Ecosystem

PIAND NAZIONALE
DI RIPRESA E RESILIENZA

oroZ%
)

NextGenerationEU e della Ricerca

4. Conclusions
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The Intense Laser Irradiation Laboratory INO-
CNR, Instituto Nazionale di Ottica, Pisa

Leonida A. GIZZI (head) Simona PICCININI
Luca LABATE Gabriele BANDINI
- | Fernando BRANDI Alessandro FREGOSI
5 § Gabriele CRISTOFORETTI Emma HUME

2 Petra KOESTER Mohamed EZZIAT
Federica BAFFIGI Federico AVELLA
Lorenzo FULGENTINI David GREGOCKI
Daniele PALLA Simon VLACHOS
Martina SALVADORI Gianluca CELLAMARE

%’ |-PHOQ

INTEGRATED INFRASTRUCTURE INITIATIVE
IN PHOTONIC AND QUANTUM SCIENCES
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