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Hadrontherapy advanced example

- Dose 
- LET
- RBE

Benchmarked several times 
against experimental data   
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Hadrontherapy Physics Lists used

HADRONTHERAPY_1
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HADRONTHERAPY_2 HADRONTHERAPY_3

-  standard_opt4

- G4DecayPhysics()

- G4RadioactiveDecayPhysics()

- G4IonBinaryCascadePhysics()

- G4EmExtraPhysics()

- G4HadronElasticPhysicsHP()

- G4StoppingPhysics()

- G4HadronPhysicsQGSP_BIC_HP()

- G4NeutronTrackingCut()

-  standard_opt4

- G4DecayPhysics()

- G4RadioactiveDecayPhysics()

- G4IonBinaryCascadePhysics()

- G4EmExtraPhysics()

- G4HadronElasticPhysics()

- G4StoppingPhysics()

- G4HadronPhysicsQGSP_BIC()

- G4NeutronTrackingCut()

-  standard_opt4

- G4DecayPhysics()

- G4RadioactiveDecayPhysics()

- G4IonElasticPhysics() 

- G4IonPhysicsPHP()

- G4EmExtraPhysics()

- G4HadronElasticPhysicsHP()

- G4StoppingPhysics()

- G4HadronPhysicsQGSP_BIC_AllHP()

- G4NeutronTrackingCut()
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Comparison of Let_dose total

● Master Thesis 
on Geant4 code 
development

● Geant4 11.2.1

● Benchmark 
activity of 
comparison with 
results of 10.6.2
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SEQUENCE OF TESTS:
1. LET_dose total was reproducing experimental data in version 10.6.2 with AllHP

https://doi.org/10.1088/1361-6560/ac776f

2. We noticed LET_dose total with AllHP totally changed in version 11.2.1. The problem does NOT involve:
- LET_dose of the primary (tested with He4)
- LET_track total and of the primary

3. TENDL table (1.3.2 in 10.6.2 and 1.4 in 11.2.0) were exchanged (used 1.3.2 with 11.2.1) but the problem 
remained → the issue is not caused by the change in the TENDL data tables

4. Several hadrontherapy versions were compiled and run with their corresponding version of geant4 to identify 
when the change started to show up: 
- until version  11.1.3 of 10 Nov 2023 it was OK
- from version 11.2.0 of 08 Dec 2023 the problem started

5. Hadrontherpy downloaded from version 11.1.3 was compiled and run with geant4 version 11.2.0: the result is 
NOT OK → the issue is not inside the example

6. Also the versions subsequent to 11.2.1 were tested to verify the issue was not solved in the newest releases:
- 11.2.2: the problem is still there
- 11.3.0.beta: the problem is still there

7. Hadrontherapy from 11.3.0.beta was compiled with geant4 11.3.0.beta and was run with another hadronic 
physics model and the result was compatible with that one of versions from 11.1.3 and older and so OK 6
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As mentioned the issue does not affect the LET_track

LET_track
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LET_dose
Another evident anomaly, beside the absolute value, is represented by the statistical fluctuations: all versions are run with a 
10^5 histories and results are expected to be very noisy for LET_dose total, and so it is for versions before 11.2.0, while for 
the subsequent versions (red, orange, gold and yellow curves) the fluctuations are unbelievably tiny, comparable with 
statistics of the order of 10^7 histories (run represented with blue curve)
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AllHP with
V >= 11.2.0
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Summary
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- G4IonElasticPhysics() 

- G4IonPhysicsPHP()

- G4HadronPhysicsQGSP_BIC_AllHP()


