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| Quantum Molecular Dynamics (QMD)

The QMD model is a quantum extension of the classical molecular-dynamics model
and can describe hadronic processes, especially inelastic processes, in Geant4.
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| Development of more accurate QMD model for hadron therapy
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Flow of Geant4 QMD
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Three improvements

1. Modern interaction 2. a-cluster structure

JQMD
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3. QMD model Parameter optimization

1 (r—7)* i
Pl = Grpr P\ TP

%r?jSRZE
| 1

2
r;

..........

..........



|Water Phantom

Materials and Methods
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|Water Phantom

Materials and Methods
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Light lon QMD (LIQMD)

AE and
stop detector
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Validation

» Water phantom with 400 MeV/u 12C beam [1]
» Thin target with 95 MeV/u 12C beam [2]

» Dose-Depth curve of water phantom [3]

» Positron-emitting nucleus yield [3]

1] E. Haettner, et al. (2013). Phys. Med. Biol. 58, 8265-8279.
2] Dudouet, J. et al. (2013). Physical Review C, 88(2), 024606.
3] A. Chacon, et. al.(2019), Phys. Med. Biol. 64, 155014,




Validation

» Water phantom with 400 MeV/u 1°C beam
» Thin target with 95 MeV/u 12C beam

» Dose-Depth curve of water phantom

» Positron-emitting nucleus yield



| Thin Target

Fragments: 1,2,3H 3,4,6He 6,7|_i 7,9,1OBe 8,10,1lB 10,11,12C
(a)

Thin Targets
Targets: tH, 12C, 100, 2’Al, 48Ti

5 |

Beam: 12C, 94.6£+0.09 MeV/A

Dudouet, J. et al.. (2013). Physical Review C, 88(2), 024606.
E600 experiment at the Grand Accelerateur National d’Tons Lourds (GANIL) facility.
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Validation

» Water phantom with 400 MeV/u 1°C beam
» Thin target with 95 MeV/u 12C beam

» Dose-Depth curve of water phantom

» Positron-emitting nucleus yield



|Depth-Dose Curve

Materials and Methods
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1 Recording the energy deposition to each voxel on
the beam axis by Command-based scoring.




N, = 108

Normalized Dose
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Validation

» Water phantom with 400 MeV/u 1°C beam
» Thin target with 95 MeV/u 12C beam

» Dose-Depth curve of water phantom

» Positron-emitting nucleus yield



|Positron-Emitting Nuclide Yield

Materials and Methods

Simulation and analysis geometry (Unit : mm)
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Limitation in LIQMD

» Energy range
» Mass range



| Energy Range Recommended in LIQMD

Materials and Methods

Projectile and target should be separated by at least about b-value.

——p
Distance
4 ‘“- .
Initial setting Start collision End of dynamics
Time

If the speed is slow (Low kinetic energy per nucleon), it will take a long
time to collide, leaving not enough time for simulation after the collision.

It IS better to have at least about 30 MeV/u.




|Energy Range Recommended in LIQMD

Materials and Methods

Too high energy

\.~ Ignored '
t+ ot ‘\QQ T+ ot
¥ @

-t t

500 MeV/u gives 1.5 fm gap in time step o7 = 2 fm/c.
Due to this large gap, collisions that should occur may be ignored.

Energies below about 500 MeV/u are recommended.




|Mass Range Recommended in LIQMD

Materials and Methods
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|Mass Range Recommended in LIQMD

Materials and Methods

Wave function of nucleon
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Implementation



| Implementation of LIQMD

Materials and Methods
gmd Source code light_ion_gmd
source/processes/hadronic/models/
G4QMDReaction G4LightlonQMDReaction
G4QMDMeanField G4LightlonQMDMeanField
G4QMDCollision G4LightlonQMDCollision
G4QMDParameters G4LightlonQMDParameters
G4QMDNucleus G4LightlonQMDNucleus
G4QMDGroundStateNucleus G4LightlonQMDGroundStateNucleus
G4QMDSystem G4LightlonQMDSystem
G4QMDPaticipant G4LightlonQMDpPaticipant

| might put these files in the gmd folder.



| Implementation of LIQMD

Materials and Methods

gmd Source code light_ion_gmd
source/processes/hadronic/models/

f use

G4lonQMDPhysics PhYS'CS_ constuctor G4LightlonQMDPhysics
source/physics_lists/constructors/ions/



| Implementation of LIQMD

Materials and Methods

gmd Source code light_ion_gmd
source/processes/hadronic/models/

f use

G4lonQMDPhysics PhYS'CS_ constuctor G4LightlonQMDPhysics
source/physics_lists/constructors/ions/

f use

Shieldin
J source/physics_lists/lists/ Add an option (G4bool useLightlonQMD)



| Implementation of LIQMD

Materials and Methods

gmd Source code light_ion_gmd
source/processes/hadronic/models/

f use

G4lonQMDPhysics PhYS'CS_ constuctor G4LightlonQMDPhysics
source/physics_lists/constructors/ions/

f use

Shieldin Physics list Shielding, QGSP_BIC_AIlIHP
; source/physics_lists/lists/ Add an option (G4bool useLightlonQMD)

f use

Example or test
testol examples/extended/medical/ test61

geant4-dev/tests/ LIQMD testing is also possible.



|Summary and Future plan
R

dWe have improved the QMD especially for hadron therapy using light ions
and are considering to implement it as “Light lon QMD” in Geant4.

dWe have verified the performance of Light lon QMD with various
experimental data and confirmed that it Is as good as or better than the
conventional QMD model, at least in light 1on beams and targes.

 Currently, the merge request is underway.



Thank you for listening
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