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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

4

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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LET_track: track-averaged Electronic Stopping Power: 
- Li is the tabulated electronic stopping power at a given energy in the given medium, directly retrieved from Monte Carlo;
- li is the the track length of the particle in the given volume;
- The index i runs over the total number of steps N carried out by the particle in the volume considered;
- The index j runs over all the particles travelling in that volume, including the secondary ions
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As mentioned the issue does not affect the LET_track
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LET_dose: dose-averaged Electronic Stopping Power: ε is the energy loss of the particle in the given volume

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 (before CM in Catania)
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- G4IonElasticPhysics() 

- G4IonPhysicsPHP()

- G4HadronPhysicsQGSP_BIC_AllHP()

Vladimir suggestion: disentangle IonPhysicsPHP from AllHP
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Check for HP of protons and ions

10The problem is with HP of ions



Additional Tests suggested from Alberto e Vladimir:
1. There is a change concerning the EM ionization of ions 

(replacing  _G4IonParametrisedLossModel_  with _G4LindhardSorensenIonModel_ )
which occurred between G4 11.1 and 11.2, which would be worth to check:
In G4EmStandardPhysics_option4 → G4EmStandardPhysics_option4::ConstructProcess()
// generic ion_
 _  particle = G4GenericIon::GenericIon();_
 _  G4ionIonisation* ionIoni = new G4ionIonisation();_
 _ __ //__ionIoni->SetEmModel(new __G4LindhardSorensenIonModel()__)  // 11.2._

→ (new __G4IonParametrisedLossModel()__) // 11.1._

2. In the current ParticleHP code in several places there is a check if energy below 20 MeV. 
This may mean that there is no nuclear fragmentation for alpha particles between 20 and 200 MeV. 
The cross section exists but no final state is produced.

Edit G4IonPhysicsPHP.cc  lines 99, 100:
const G4double maxPHP = 200.0*MeV → 20.0*MeV
const G4double overlapPHP_BIC = 10.0*MeV → 2.0*MeV
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Results of those additional Tests:
1.  I have found that:

- version 11.0.0 uses G4IonParametrisedLossModel
- version 11.2.0 uses G4LindhardSorensenIonModel
- BUT versions 11.1.0 --> 11.1.3 already use G4LindhardSorensenIonModel

And since by compiling the hadrontherapy example with 11.1.0 and 11.1.3 I did not encounter the 
issue, I think the G4LindhardSorensenIonModel is not causing the problem.

2. I tried the suggested change in G4IonPhysicsPHP.cc  lines 99, 100:
const G4double maxPHP = 200.0*MeV → 20.0*MeV
const G4double overlapPHP_BIC = 10.0*MeV → 2.0*MeV

and recompiled Geant4.
Unfortunately, the change did not impact the result
i.e. it did not solve the issue :(
Just to remember: in this LET curve it is considered:
- a wrong result when this curve is low at the entrance, i.e. 5 keV/um, and no noisy
- a high, 10 keV/um, noisy curve at the entrance is OK
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@Today:
Discussing with Alberto and Vladimir, to who I sent a file of the std output of this last simulation, they noticed
plenty of warnings about duplication of the Decay process, such as:

Moreover they asked: 

1. Are you using the hydrotherapy example "out-of-the-box", or do you use something slightly different? 
If we compile hadrontherapy advance example using the current master G4 and run the default macro hadrontherapy.in will it work 
out of the box or we need to add extra environment variables an do other manipulations?

2. What macro give a problem, what macro (if exist) work properly?

And also about “full analysis”
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And they are wondering if I have seen similar 
warnings also for G4 11.1.3, 
i.e. when the results are good and 
reasonable:
CHECK THE LOG FILE IN THIS CASE
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@Today:
Discussing with Alberto and Vladimir, to who I sent a file of the std output of this last simulation, they noticed
plenty of warnings about duplication of the Decay process, such as:

UNDER CONSTRUCTION
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@Today:
1. Ok it is true: the example is the one released BUT with these additions:

In the “HadrontherapyPhysicsList” Class must be added the Physics List “cocktail” →
That produces the issue

2. The macro to be use is “carbon_beamline.mac”.
To reproduce the issue: /Physics/addPhysics HADRONTHERAPY_1 → /Physics/addPhysics HADRONTHERAPY_5
Macro working properly: the same one with /Physics/addPhysics HADRONTHERAPY_1

Additional information about this macro:

- In the released version it shoots by default carbon ions:
/gps/ion 6 12 6
/gps/ene/mono 744 MeV
/gps/ene/sigma 0.740 MeV

- In my study I was using He4:
/gps/ion 2 4 2
/gps/ene/mono 247.7 MeV
/gps/ene/sigma 0.248 MeV

Moreover:
- I have just noticed comparing the release macro and mine, that in the released one there is, in addition, this command:
# Set a very high time threshold to allow all decays to happen
/process/had/rdm/thresholdForVeryLongDecayTime 1.0e+60 year

- In my macro I added the commands to produce the LET output:
/analysis/secondary true
/analysis/computeLet 15
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@Today:
About “full analysis”: not really necessary. It is quite simple to spot the issue by looking at the LDT column, first ~100 rows, in the Let.out file
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