
Coupling between FLUKA 
and BIG2

Workshop on coupling simulation of beam impact on accelerator 
components

Florian Burkart (CERN –TE - MPE and ABT)



A bit of history:

• Before 2011: Collaboration between N. Tahir (GSI), R. Schmidt and Juan Sancho.
• First LHC related simulations, first LPROT (HiRadMat - copper cylinder experiment) simulations

• 2011: I joint and Juan left the team.
• LPROT simulations with real beam parameters and bunch / bunch train spacing.

• First FCC graphite beam dump simulations

• First FCC water beam dump simulation

• 2017: I left to DESY.

• Very fruitful collaboration: many journal papers (Physics of plasma, Journal of applied physics, 
Phys. Rev. E, High energy density physics, etc…) , 2 PhD theses.
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Coupling between FLUKA and BIG2
• Alternating simulation with FLUKA and BIG2 (N. Tahir, GSI).

• Energy deposition of 440 GeV protons in the target is calculated using FLUKA code. 

• Energy deposition data is used as input to a two–dimensional hydrodynamic code BIG2, to study 
the thermodynamic and the hydrodynamic response of the target due to the beam impact.

• Density distribution from BIG2 used as input for next FLUKA iteration.

FLUKA
Simulation of Edep

BIG2
Density change

Edep map

runs until the density 
changed by 15% (700ns).

density map
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General routine:

1. FLUKA simulation with the required beam and material paramters.
2. Get out an Energy deposition (GeV/cm3/p)
3. Data – Ordering with MATLAB script.
4. Energy deposition map to N. Tahir
5. BIG2 is running until density change ~ 15%, otherwise unrealistic 

fluctuations.
6. Density map.
7. Translation into FLUKA input file via python script.
8. Start new FLUKA simulation.
9. … repeat until density decrease moves with constant speed 
10. Extrapolation to final number of bunches.

FLUKA-BIG2 coupling | F. Burkart 4



3.) Data-ordering (MATLAB), BIG2 needs a special data 
format Header: Size of target and 

number of bins, etc.

Energy deposition (GeV/g)
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MATLAB script
From FLUKA

Energy deposition

Re-ordering
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BIG2
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7) Translation into FLUKA input file (1/2) - MATLAB

During the water simulations, we had some artifacts from previous 
simulation in the density map from BIG2 (empty regions, first third of 
the target in the second third of the data set)  re-ordering with 
MATLAB
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7) Translation into FLUKA input file (2/2) – python (~ 800 lines of code)

Density map after Matlab

Target Parameters

Region threshold and number of regions

Binning of density map
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Region definition in FLUKA
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Some comments:

• Setting up the right FLUKA binning parameters (balance between simulation time 
and precision) and routine for a new simulation takes time ( ~ 1  - 1.5 month).

• FLUKA (~1 week) and BIG2 (couple of days) simulations need time.

• Data manipulation in between FLUKA and BIG2 can be done within 2 h.
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