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The principles of ion therapy | Bragg Peak

100 oS protons .
. \‘ 200 MeV/u
u 20 /}\ X-rays
S / W, . 8 MV
Te0q €O RN :
N
E
S 40 - H .
< A
20 electrons / i - —
20 MeV
0 — ] T I .
0 5 10 15 20 25 30

Depth in water (cm)

Germano Russo (INFN TPS / Geant4 Torino, ltaly) Catania, 15/10/2009



The role of Geant4 in the production of a database for an ion therapy TPS

The principles of ion therapy | Spread Out Bragg Peak
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The principles of ion therapy | Active scan
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The principles of ion therapy | TPS

Physical Data
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TPS Physical Data

Dose (Gy/primary) of G4waterC270MeVu-ripp
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TPS Biological Data | Survival curves

The biological effect depends on:

1) tissue type:

- cell line;
- oxygenation level,
- growing environment.

o
—

Survival probability

2) beam characteristics:

- dose released:;
- radiation type.
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TPS Biological Data | Survival curves
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The biological effect depends on:

1) tissue type:

- cell line;
- oxygenation level,
- growing environment.

2) beam characteristics:

- dose released:;
- radiation type.
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TPS Biological Data | Survival curves
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The biological effect depends on:

1) tissue type:

- cell line;
- oxygenation level,
- growing environment.

2) beam characteristics:

- dose released:;
- radiation type;
- p(e., LET).
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TPS Biological Data | Mixed fields
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TPS Biological Data | Mixed fields
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Geant4 simulation | PhysicsList

We have activated the following PhysicsLists (the nomenclature is that of the Hadrontherapy
Advanced Example):

Decay

EM-Photon-Standard
EM-Electron-Standard
EM-Positron-Standard
EM-Hadronlon-Standard (G4ionlonisation)
or as an alternative EM-Hadronlon-LowE (G4hLowEnergylonisation)
EM-Muon-Standard

HadronicEl-Hadronlon-UElastic
Hadroniclnel-ProtonNeutron-Bert

Carbonlon-physics (lvantckenco implementation: G4HadronlnelasticProcess with
G4TripathiCrossSection and G4lonsShenCrossSection, G4BinaryLightlonReaction)

As an alternative, we use the QGSP_BIC package, as suggested in the Hadrontherapy
Advanced Example (v. 9.2).

For biological modeling reason, we want to avoid completely the tracking of electrons. Then
we set the defaultCutValue to 5 mm in the water phantom.
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Geant4 simulation | DetectorConstruction
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Geant4 simulation | DetectorConstruction

Fake run (0O events)
for loading physics

;

G4EmCalculator calc;
r = calc.GetRange();

#

detector.SetSlices(r);
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Geant4 simulation | Scoring

10 um 10 um

stepLimit: 10 um Tum 10um 1um 10 um
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Geant4 simulation | Scoring

10 um 10 um

stepLimit: 10 um Tum 10um 1um 10 um
@ SliceSD @
Hits

slicelD, parentlD, eventlD, trackiD,
charge, restEnergy, e i, e d,
(x_i, y_i, z_i), (x_f, y_f, z_f)

Germano Russo (INFN TPS / Geant4 Torino, ltaly) Catania, 15/10/2009



The role of Geant4 in the production of a database for an ion therapy TPS

Geant4 simulation | Scoring

10 um 10 um

stepLimit: 10 um Tum 10um 1um 10 um
@ SliceSD @
Hits

slicelD, parentID, eventID, trackiD, j> particles.bin
charge, restEnergy, e i, e d,

(x_ i,y i,z 1), (x f,y f,zf)

EventAction
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Geant4 simulation | Scoring

10 um 10 um

MySQL
(Physical Data)
stepLimit: 10 um Tum 10um 1um 10 um
@ SliceSD @ bin2@ql.cc
Hits

charge, restEnergy, e i, e d,

slicelD, parentID, eventID, trackID, j> particles.bin
(x_ i,y i,z 1), (x f,y f,zf)

EventAction
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Geant4 simulation | ROGeometry

Tracking geometry ReadOut geometry

e phantomSD
150 MeV/u

>

phantom

The use of a ReadOut geometry allows
to decouple the tracking from the scoring

Germano Russo (INFN TPS / Geant4 Torino, ltaly) Catania, 15/10/2009



The role of Geant4 in the production of a database for an ion therapy TPS

Geant4 simulation | ROGeometry

ROPhantom

stepLimit: 6 um
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Geant4 simulation | ROGeometry

ROPhantom

stepLimit: 6 um

Hits
slicelD, parentlD, eventlD, trackiD,
charge, restEnergy, e i, e d,
(x_ i,y i,z 1), (x f,y f,zf)

!

Phantom
HitCollection
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Geant4 simulation | ROGeometry

stepLimit: 6 um A -
8 f-g § oo

Hits
slicelD, parentlD, eventlD, trackiD,
charge, restEnergy, e i, e_d,
(x_ i,y i,z 1), (x f,y f,zf)

@ EventAction

Phantom
HitCollection

energy.dat
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Geant4 simulation | ROGeometry

ROPhantom

stepLimit: 6 um

Hits
slicelD, parentlD, eventlD, trackiD,
charge, restEnergy, e i, e d,
(x_ i,y i,z 1), (x f,y f,zf)

@ EventAction

Phantom
HitCollection

MySQL
energy.dat i> (Physical Data)
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Geant4 simulation | ROGeometry

ROPhantom
\/- /\
stepLimit: 6 um
@ @‘”“’@ @
Hits
slicelD, parentID, eventID, trackID, :> Slice
charge, restEnergy, e i, e d, HitCollection

(x_i, y_i, z_i), (x_f, y_f, z_f)

@ EventAction

Phantom
HitCollection

MySQL
energy.dat i> (Physical Data)
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Geant4 simulation | ROGeometry

ROPhantom
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Geant4.9.2 apparent anomalies | BP position

"°C @ 250 MeV/u in water, EM-Hadronlon-LowE, Geant4.9.2
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Changing stepLimit changes the
2 Bragg Peak position of more than 1
mm. With stepLimit 1 um or 100 um
the result is the same. | | | ]
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Geant4.9.2 apparent anomalies | BP position

"°C @ 250 MeV/u in water, EM-Hadronlon-Standard, Geant4.9.2
12 I i I .

— stepLimit=1 um
—stepLimit = 2 um
101 SR stepLimit = 5 pm
'- stepLimit = 10 pm
stepLimit = 20 pm
— stepLimit = 50 ym
— stepLimit = 100 um

Deposited energy (a.u.)
oY

With Standard physics the
position of the Bragg Peak
doesn't change appreciably.
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Geant4.9.2 apparent anomalies | BP position

'°C @ 270 MeV/u in water, EM-Hadronlon-Standard, Geant4.9.2, stepLimit = 100 ym
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o ionization potential of water to about 84 eV (quite far _
from 75 - 80 eV!) in order to have the BP position at
144.3 mm (experimental data of Schardt et.al. 1996). . .
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Geant4.9.2 apparent anomalies | Energy loss

“C @ 250 MeV/u in water, EM-Hadronlon-Standard, stelemlt =2 pm
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Geant4.9.2 apparent anomalies | Energy loss

'°C @ 250 MeV/u in water, QGSP_BIC, stepL|m|t =2 pm

1 G4 9 2 3|mulat|on
—SRIM calculahon :
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Geant4.9.2 apparent anomalies | Energy loss

c @ 250 MeV/u in water, EM-Hadronlon-LowE, stepL|m|t =2 pm

1 G4 9 2 3|mulat|on
—SRIM calculahon :
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Geant4.9.2 apparent anomalies | stepLength

"°C @ 250 MeV/u in water, EM-Hadronlon-LowE, stepLimit = 2 ym

Step length (pm)

R R R A R H N B R U R T | R
10 10 10 10" 10" 10 10 10
kinetic energy (MeV/u)
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Geant4.9.2 apparent anomalies | stepLength

"“C @ 250 MeV/u in water, EM-Hadronlon-Standard, stepLimit = 2 ym

Step length (pm)

R R R A R H N B R U R T | R
10 10 10 10" 10" 10 10 10
kinetic energy (MeV/u)

Germano Russo (INFN TPS / Geant4 Torino, ltaly) Catania, 15/10/2009



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33

