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Femtosecond X-ray protein nanocrystallography

Chapman et al.  Nature  470:73 (2011)
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300 fs

100 fs

Femtosecond X-ray protein nanocrystallography
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Interaction of Xray Free-electron pulses with matter

Plasma simulations (CRETIN) give ion and electron 
temperatures, and ionization rates.

• Plasma, continuum   

• Assumes screened hydrogen model 

• Follows electronic transitions between different 
bound states and bound-free transition explicitly in 
time 
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Interaction of Xray Free-electron pulses with matter

Andreasson et al.  Phys. Rev. E 83:016403 (2011)
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Samples in vacuum

Molecular dynamics simulations (GROMACS)

• Classical force fields

• Newton’s equation of motion

• Coulomb and Lennard-Jones potentials 
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Samples in vacuum

Marklund et al. Phys. Chem. Chem. Phys.  11:8096 (2009)
Van der Spoel at al. Macromol. Bio. Sci. 11:50 (2011)
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Samples in vacuum

Marklund et al. Phys. Chem. Chem. Phys.  11:8096 (2009)
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Computer demands

• Reconstruction and data analysis: 
- 100 fast CPU:s
- Disc space (PB)
- Gigabyte ethernet (fiber or infiniband)
- 4 GB memory per core 

• Plasma simulations:
- 20 fast CPU:s 
- 8 GB memory per core

• Molecular simulations:
- 1000 CPU:s
- 1 GB memory per core 

- Fast communication
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Thank you for your attention! 
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