
DIALS for Neutron and Laue Diffraction

David McDonagh

Early Science on the NMX Macromolecular Diffractometer, 26 August 2024



Spot 
Finding

Indexing
Model 

Refinement
Scaling Integration



Philosophy

• Designed to be modular and extensible

• Focus on code sustainability

GUI

Command line tools

API



History

2011 2024

Developers

Funding



• Over 50 contributors worldwide

Developers



DIALS Today

• Supports (almost) all X-ray instruments worldwide

• Multiple workshops given internationally per year

• Embedded in multiple synchrotrons 

• Deployed as part of the CCP4 suite



Beyond X-rays

• Diffraction patterns can be obtained from multiple sources

• These all reveal complimentary information

• Different sources have resulted in different developer communities

• These boundaries create friction for users
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Motivation

• Increasing demand for neutron macromolecular crystallography data

• Typical for users to also have X-ray data

• Demand for other polychromatic sources in the wider community



The Work

• Adapt DIALS for polychromatic sources

• Laue prediction / refinement

• New integration algorithms

• Custom scaling pipeline

• Modern interface tailored to neutrons
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The Work

• Adapt DIALS for polychromatic sources

• Laue prediction / refinement

• New integration algorithms

• Custom scaling pipeline

• Modern interface tailored to neutrons

R.A Hewitt, K.M Dalton, D. Mendez, H.K Wang, M.A Klureza, D.E Brookner, J.B Greisman, D. McDonagh, V. Srajer, N.K Sauter, A.S. Brewster, D.R 
Hekstra, Laue-DIALS: open-source software for polychromatic X-ray diffraction data, Structual Dynamics, Submitted.
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The Work

• Adapt DIALS for polychromatic sources

• Laue prediction / refinement

• New integration algorithms

• Custom scaling pipeline

• Modern interface tailored to neutrons

• Rotation scan • Wavelength scan
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• Multiple algorithms: dispersion, dispersion-extended, radial profile

• Work well for ToF data but weak data requires 
tinkering

dispersion dispersion-extended

• ToF profiles require specific post processing
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• For neutron time-of-flight Laue data, wavelengths are known

• For X-ray Laue data these must be estimated

• Algorithms: 3D FFT, 1D FFT, real space grid search, pink indexer



Laue Refinement

D. G. Waterman, G. Winter, R. J. Gildea, J. M. Parkhurst, A. S. Brewster, N. K. Sauter, and G. Evans.
Diffraction-geometry refinement in the DIALS framework. Acta Crystallographica Section D, 72(4):558–575, Apr 2016.
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Laue Refinement
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Laue Refinement

• Diffraction condition

D. G. Waterman, G. Winter, R. J. Gildea, J. M. Parkhurst, A. S. Brewster, N. K. Sauter, and G. Evans.
Diffraction-geometry refinement in the DIALS framework. Acta Crystallographica Section D, 72(4):558–575, Apr 2016.
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Laue Refinement

• Diffraction condition

• Cost function

D. G. Waterman, G. Winter, R. J. Gildea, J. M. Parkhurst, A. S. Brewster, N. K. Sauter, and G. Evans.
Diffraction-geometry refinement in the DIALS framework. Acta Crystallographica Section D, 72(4):558–575, Apr 2016.
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Laue Refinement

• Diffraction condition

• Cost function
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Scaling Pipeline

S. Artz, J.W. Campbell, M. M. Harding, Q. Hao, J. R. Helliwell, LSCALE – the new normalization, scaling and absorption correction program 
in the Daresbury Laue software suite. J. Appl. Cryst., 32:554-562, 1999.

K.M Dalton, J. B. Freisman, D. R. Hekstra,  A unifying Bayesian framework for merging X-ray diffraction data. Nature Comms., 13, 2022.
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Scaling Pipeline

S. Artz, J.W. Campbell, M. M. Harding, Q. Hao, J. R. Helliwell, LSCALE – the new normalization, scaling and absorption correction program 
in the Daresbury Laue software suite. J. Appl. Cryst., 32:554-562, 1999.

K.M Dalton, J. B. Freisman, D. R. Hekstra,  A unifying Bayesian framework for merging X-ray diffraction data. Nature Comms., 13, 2022.
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LScale

Careless

Wavelength normalisation

SXD

• Wavelength range: 0.2 - 10 Angstroms

• Vanadium run to correct for the incident 
spectrum

• Empty run to correct for the Vanadium 
background

• Spherical absorption correction for every 
shoebox pixel

C.W Dwiggins Jnr,  Rapid Calculation of X-ray absorption correction factors for spheres to an accuracy of 
0.05%. Acta. Cryst. A., A31: 395-396, 1975.
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N. Yano, T. Yamada, T. Hosoya, T. Ohhara, I. Tanaka, K. Kusaka,  Application of profile fitting method to neutron time-of-flight protein single 
crystal diffraction data collected at iBIX. Scientific Reports, 6, 2016.

• Neutron time-of-flight Laue peaks have asymmetric profiles

• Algorithms: 1D profile fitting, 3D profile fitting, XDS profile fitting

• Elliptical profiles used for elongated spots in X-ray Laue data



Interface

server

clientviewers
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Interface

• The state of your experiment



Interface

• The state of your experiment • Actions applied to your experiment



Interface: Importing Data



Interface: Spot Finding



Interface: Indexing



Interface: Planning and Applying Symmetry



Interface: Integration Profiling



SXD
LMX

MANDI

NMX

X-ray Laue

Status: Beta testing
• Send me data!



Status: Beta testing
• Send me data!v

dials.rs_mapper

david.mcdonagh@stfc.ac.uk



User Experience: Short-Term
• Users typically interact with DIALS via local installation

• Everything should be possible in the cloud
o No installation friction
o Inclusive to researchers with inadequate hardware
o Concepts like shared workspaces more natural in this context
o Far easier to measure and optimise energy efficiency

• Recent ALC work in providing data links between synchrotrons and the 
cloud removes key barriers

Linking XRD 
facilities and CCP4 

Cloud

Jools Wills



• Machine learning is starting to be 
introduced to different parts of 
crystallography

• This needs to be turned into a 
strategy

• Models can be trained to 
approximate parts of the pipeline, or 
to potentially improve them

• These can be trained on old data, but 
could be learnt on the fly

Electron Diffraction 
Data Collection 
Accelerated via 

Machine Learning

Marko Petrovic

Machine Learning: From Static to Dynamic Data Processing



User Experience: Long-Term

• Bespoke, instrument-
specific software has largely 
been replaced by generic 
software

• Researchers now typically 
have data from multiple 
sources

• Should they have to learn 
multiple software 
packages?
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