
Computation and decomposition 
of Neutron scattering spectra 
from MOLecular DYNamics 
simulations 



Original Fortan 77 version 



Version 2: 
Fortran → Python 

Inclusion of MMTK library (Hinsen) 
J Comp Chem 24: 657–667, 2003 



Version 3: 
ILL involvement – Eric Pellegrini 
Major code upgrade 
Task-farming parallelisation (Pyro) 
J of Comp Chem 2012, 33, 2043–2048 



Version 3: 
Agence National pour la Recherche (ANR) project – 
THALER (2008 – 2010 inc) 
Post-doc: Eric Pellegrini 
 
Version 4 (MDANSE):  
ANR project – SPUTNIK (2011 – 2013 inc) 
Post-docs: Bachir Aoun (2 yrs), Gael Goret (1 yr) 
Build server/CI: Jenkins with Yannick Raoul, GitLab 
with Jamie Hall & Fabien Pinet (ILL/IT) 
Scientific support: with Miguel Gonzalez 
All supervised by Eric Pellegrini 
 



THALER Objectives: 
 

• Improving portability  easier installation ... 
 
• Reorganization of the code 
 
• New scientific features 
 
• New Graphical User Interface 
 
• Improving readability  developer/user 
 
• Improving ergonomy 
 
• Improving performance  parallelization 



SCATTERING: 
 

• Static Coherent Structure Factor 
• Smoothed Static Coherent Structure Factor 
• Partial terms 
 
 

DYNAMICS: 
 

• Root Mean Square Deviation 
• Radius Of Gyration 
• Angular Correlation 
• HB Survival Analysis 
• Cartesian Position Autocorrelation Function (Konrad) 

STRUCTURE: 
 

• Radial Distribution Function 
• Coordination Number 
• Spatial Density 
• ScrewFit Analysis 
• Density Profile 

NMR: 
 

• NMR Order Parameter (Vania) 
• NMR Oder Parameter Within Contact Model 
 
 
 

TRAJECTORY: 
 

• Center Of Mass Reduced Trajectory 
• Global Motion Filtered Trajectory 
• Quasi Harmonic Analysis 
• ScrewFit Analysis (Paolo) 
• Reduced Trajectory 

Read trajectories from many MD codes (classic & DFT): CHARMM, 
NAMD, LAMMPS, DL_POLY, (AMBER, GROMACS ?) VASP, Materials 
Studio (DISCOVER, FORCITE, CASTEP, DMOL, DFTB) 











PSI – SINE2020 

SPUTNIK Objectives: 
 

• Integrating experiment related effects – neutron flight 
simulator 
 
• « Combining » nMoldyn and McStas 
 

• Simple interface between the codes 
 
• Web service 

 
• Integrating simple ray-tracing simulations in nMoldyn 
 
• and/or analytical solutions 
 
• On-going upgrade of nMoldyn (e.g. Linux/Mac install, 64-bit 
code, parallelisation/cluster optimisation, complete separation 
of front (GUI) and back end,…) 





Total signal 

Container (Nb) 

Coherent (l-Rb) 

Incoherent (l-Rb) 

Multi. Scatt. *100 

Cryo-furnace (Al) *10 



PSI – SINE2020 



PSI – SINE2020 



PSI – SINE2020 



PSI – SINE2020 

Based on Python, Cython, WxWidget, Matplotlib, 
VTK,… 
Automated GUI generation and menu update for new 
analyses   



PSI – SINE2020 

→

MDANSE – Molecular Dynamics to Analyse Neutron 
Scattering Experiments 

nMoldyn 

MMTK 



PSI – SINE2020 

in SINE2020 ?

SINE2020 Objectives: Idea… 
 

• 1 person year of effort to include Lattice Dynamics in 
MDANSE 
 
• Read vibration frequencies and displacement vectors (as a 
function of wavevector) from as many codes as possible  

•mainly DFT: VASP, CASTEP, DMOL, ABINIT, QUANTUM 
EXPRESSO, etc  
•or output from PHONOPY  
•alternative to PHONON from Krzysztof Parlinski, coupled 
to VASP, SIESTA, WIEN2K, widely used at ILL 

 
• Analyse Lattice Dynamics 

• Calculate NS spectra for powders & single crystals on 
TAS (including TOSCA/Lagrange-like) and TOF 
• Provide additional analyses: thermodynamic quantities 
(enthalpy, entropy, free energy, heat capacity, MSD), 
participation ratio, Gruneisen parameters,… 

 
 



PSI – SINE2020 

SINE2020 @ ILL

Nominally 
 

• 2 person years of effort for MANTID @ ILL in addition to ILL 
Bastille/Endurance funding 

•ILL has recruited 3 programmers for 3 years starting May 
2 2016 
•ILL has negotiated 1 year of consulting with Tessella (Ian 
Bush) starting April 18 2016) 

 
• 1 person year of effort for QENS 
 
• 1 person year of effort for Lattice Dynamics 
 
• Not ready to start QENS and Lattice Dynamics because of 
MANTID activity 
 
• ISIS/STFC (e-Science) starting a similar Lattice Dynamics 
project –combine resources, decide on most appropriate, 
collaborative solution 


