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L BATE
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i, BATE

GATE

E=0keV trackiD=2 E: Kinetic energy of the particle
eventiD=1 o ParentiD=1 edep: deposited energy along a step
e :Hit
E=6lakeV _| = 3plket
STEP E{s0.8kev  E=30[keV
E=100keV edep=29.7keV E=70.3 keV E=44.8 keV trackiD=1
trackiD=1 E= 0 kev ParentiD=0
ParentIiD=0 tracl;D:B
ParentiD=1 h
© E=j0kev CUT =30 keV
:::;.3;‘:1 No production of
secondaries when primary
particle reach 30 keV
Geant4 actions
GATE actors | | BeginOfRun |BeginOfEvent| Stepping | EndOfEvent | EndOfRun NewStage
DoseActor v v v
FluenceActor v v v v
BioDoseActor v v v v v
ChemistryActor

v v
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Biophysical model databases

Cell line Human Salivary Glands (HSG): HSG_mMKM. db or HSG_NanOx.db

= easy to provide new cell lines or biophysical models

Example:

// Ion type
H

He

a, B: from Geant4-DNA/LPCHEM simulations

// energy
// (MeV)
H

0.1

0.125
0.15

1

10

300

alpha
GyhH

3.528
3.584
3.642
0.932
0.376

0.339

beta
(Gy2)

0.
0.
0.

059
022
098

.059

.063

.109
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S, IMT[ BioDoseActor process diagram
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? Python-side
i [ calculate ) }
SteppingAction (vorelised) - newstep Y | DeandDs |
1 [ step start | e l N
| J o save images |
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‘ ion not in DB L S J
3 deposited energy 3 ]

*

our database (DB) contains values for {H, He, C, O, Li}
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i, BATE

User interface

biodose = sim.add_actor("BioDoseActor", "biodose")
biodose.attached_to = volume
biodose.output_filename = "biodose.mhd"
biodose.translation = [0, 0, 0]
biodose.spacing = [1 * mm, 60 * mm, 60 * mm]
biodose.size = [400, 1, 1]
biodose.cell_line = "HSG"
biodose.biophysical_model = "NanOx"
biodose.alpha_ref = 0.313
biodose.beta_ref = 0.0615
biodose.uncertainty.active = True
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@ Human Salivary Glands

@ Pencil Beam Scanning:
@ H:95.9 - 113 MeV
@ C: 120 - 402 MeV/u

@ Water box:
400 X 400 X 400 mm?

@ Sensitive volume:
400 x 60 X 60 mm>

@ Voxel size:
1 X 60 x 60 mm>

@ PhysicsList:
@ H: QGSP_BIC_EMZ
@ C: Shielding_EMZ
@ multiple stepfunctions

@ multiple steplimiters

H/C-ion SOBP clinical PBS beams in water

H-ion: MedAustrond
room -
water tank

sensitive ||

volume
exit window

ion:
() exit window
sensitive volume |1
L1 pmNiA
water tank
room -
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': IMT[ Results — dose profiles
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Figure: H-ion in water with 1 x 107 Figure: C-ion in water with 1 x 108
primaries, production cut 100 m, step limiter primaries, production cut 100 m, step limiter
10 pm (HSG, NanOx) 10pm (HSG, mMKM)
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": ’IMT[ C-ion clinical PBS beams in patient
.- MedAustrond

50
@ Human Salivary Glands
@ Pencil Beam Scanning
@ CT: 50 x 50 x 44 cm?
@ Voxel size: r*:':
0.97 x 0.97 x 2 mm3 250° ‘lz;,‘
\
@ PhysicsList: LY
Shielding EMZ
@ 3 beams
@ sinonasal chordoma
200° =
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[MT[ Results — C-ion, biological dose (NanOx)

biodose (NanOx)

biodose (%)
100

(mm)

. .
240 300 360 420 480 T e s P P e
(mm) Dose (%)

Figure: biological dose with C-ion in patient, Figure: Cumulative biological DVH

1 x 108 primaries per beam, production cut comparison GATE/NanOx (solid lines) and

100 m, step limiter 10 um (HSG, NanOx) Raysearch (dashed lines)
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':: EAT[ Chemistry actor

lonization radiation
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Figure from Da Eun Kwon
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'::_’IMT[ Chemistry actor — interface

chemistry = sim.add_actor("ChemistryActor", "chemistry")
chemistry.attached_to = volume
chemistry.timestep_model "IRT" # or "SBS"
chemistry.end_time 1 * ns
chemistry.time_bins_count 50
chemistry.reactions = [

# totally diffusion-controlled (TDC)

(c'a", "w"1, ["H2"], "Fix", 0.5e10, O],

[["e_aq", "H"], ["H2", "OHm"], "Fix", 2.5e10, 0],

[["e_aq", "e_aq"], ["H2", "OHm", "OHm"], "Fix", 0.636e10, 0],

[["H30p", "OHm"], ["H20"], "Fix", 1.13e1l, 0],

# partially diffuston-controlled (PDC)

(C"ou", "H"l, ["H20"], "Fix", 1.55e10, 1],

# ...
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i, BATE

Chemistry actor — results

Geant4-DNA (chem6) dashed; GATE 10 plain
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Simulation and analysis by Da Eun Kwon
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':: IMT[ Conclusion

BioDose actor
o available in current GATE release (9.4)
@ will be available with next GATE release (10)

.

Chemistry actor

o still work in progress

@ first version for end of 2024

.

Alexis Pereda BioDose and Chemistry actors in GATE 10 AG GdR Mi2B 2024 14 / 14



