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Nicholas Sauter, Nigel W. Moriarty, Noemi Frisina, Oliver 
Zeldin, Robert Bolotovsky, Richard Gildea, Robert 
Rosca, Tara Michels-Clark, Takanori Nakane, and Viktor 
Bengtsson.


DIALS East PI - Gwyndaf Evans
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TA R G E T  A U D I E N C E

• Single-crystal X-ray diffraction people - users, beamline staff, support 
groups


• Anyone using a pixel array detector may find some of this useful



B A C K G R O U N D  O N  T H E  D I A L S  P R O J E C T

• Tools for analysis of X-ray diffraction data 


• Also designed to allow extension / modification / abuse in entertaining 
ways (aim: motivated researcher should be able to abuse, extend and 
contribute)


• Based on CCTBX and written in mix of C++ and Python


• Design inspired by d*TREK e.g. collection of tools rather than a monolithic 
program



G E N E R A L  C A PA B I L I T I E S

• Minimal assumptions about experiment


• Optimised for PAD


• Only really useful for single*-crystal diffraction


*or small N samples in the beam at once** 
**OK not powder diffraction or small angle scattering



O V E R V I E W

• Automated processing


• Common command-line data analysis


• Advanced command-line tools


• Python API



A U T O M AT I C  
P R O C E S S I N G

• Diffraction data go in, MTZ files 
come out


• Can use DIALS or XDS for 
“processing engine”


• Set up to do all the decision making 
for you


• Workhorse for data processing at 
Diamond

 OPENED INPUT MTZ FILE 

 Logical Name: HKLIN   Filename: scaled.mtz 


 * Title:


 From dials.export


 * Base dataset:


        0 HKL_base

          HKL_base

          HKL_base


 * Number of Datasets = 1


 * Dataset ID, project/crystal/dataset names, cell dimensions, wavelength:


        1 DIALS

          XTAL

          FROMDIALS

             77.8825   77.8825   77.8825   90.0000   90.0000   90.0000

             0.91808



U S A G E

xia2 /directory 
xia2.small_molecule /directory  <- small molecule mode


xia2 image=/directory/filename_0001.cbf or filename.h5


xia2 image=/directory/filename.h5:1:1800


xia2 image=A image=B image=C



A D D I T I O N A L

• Can index all sweeps together -> multi_sweep_index=true - nice for multi-
axis experiments, critical for e.g. absolute structure experiments, default 
for “small molecule” mode


• Can adjust the extent of expected absorption etc - useful for longer 
wavelength experiments



O T H E R  X I A 2  T O O L S

• screen19 - estimation of data collection parameters for small molecule data 
collection


• xia2.multiplex - automated combination of multi-crystal data sets



S C R E E N  1 9

• Prevent data exceeding PAD 
instantaneous count rate limit


• Performs profile fitting on small data 
sets to estimate peak rate, not 
strongest pixel


• Provides recommendations of data 
collection parameters to use


• Targets small molecules / i19 @ DLS



M U LT I P L E X

• Automated composition of data from 
multiple samples


• Uses results of DIALS integration


• Derives crystal symmetry and 
resolves indexing ambiguity in 
parallel


• Can be used to also provide sub-
clusters for comparison



M U LT I P L E X

• Resolve symmetry and indexing 
ambiguity


• If ambiguity will see multiple clusters


• Size of “clump” gives sense of 
internal variation



M U LT I P L E X

• Sub-clusters can be 
compared (generate by 
setting e.g. 
min_completeness=0.99)


• Contributions of 
individual data sets also



D I A L S  O N  T H E  C O M M A N D  L I N E



T H E  C O M M A N D  L I N E  T O O L S  
( Y E S  T H I S  S C R I P T  M O S T LY  W O R K S )

dials.import ../data.nxs

dials.find_spots imported.expt

dials.index imported.expt strong.refl

dials.refine indexed.expt indexed.refl

dials.integrate refined.expt refined.refl

dials.symmetry integrated.expt integrated.refl

dials.scale symmetrized.expt symmetrized.refl \     

    anomalous=true absorption_level=medium



D ATA  F I L E  T Y P E S

• reflections - refl - currently serialised as message pack (spots, integrated 
intensities, scaled data etc.) 


• experiments - expt - currently serialised as JSON (metadata, description of 
experiment etc.)



S P O T  F I N D I N G  -  V I E W E R  C A N  …

dials.image_viewer indexed.*

Data Credit

Felicity Bertram samples

i04-1 beam time



S P O T  F I N D I N G  -  V I E W E R  C A N  …  S U M

dials.image_viewer indexed.*

Data Credit

Felicity Bertram samples

i04-1 beam time



S P O T  F I N D I N G  -  V I E W E R  C A N  …  S H O W  H K L

dials.image_viewer indexed.*



I N D E X I N G
dials.reciprocal_lattice_viewer \

    indexed.*



R E F I N E M E N T

dials.geometry_viewer indexed.* predict=true



I N T E G R AT I O N

dials.image_viewer integrated.*



S Y M M E T R Y *

Normalising intensities for dataset 1


ML estimate of overall B_cart value:

  12.62, -0.52,  0.19

         14.38,  0.08

                14.56

ML estimate of  -log of scale factor:

  -5.20


--------------------------------------------------------------------------------


Estimation of resolution for Laue group analysis


Removing 51 Wilson outliers with E^2 >= 16.0

Resolution estimate from <I>/<σ(I)> > 4.0 : 3.27

Resolution estimate from CC½ > 0.60: 2.10

High resolution limit set to: 2.10

Selecting 593448 reflections with d > 2.10


Input crystal symmetry:

Unit cell: (128.202, 128.2, 128.21, 119.996, 90.0039, 120)

Space group: P 1 (No. 1)

Change of basis op to minimum cell: x-y,-x+z,-z

Crystal symmetry in minimum cell:

Unit cell: (128.2, 128.202, 128.205, 60.0035, 89.9993, 60.0007)

Space group: P 1 (No. 1)

Lattice point group: F m -3 m (x-y+z,-2*z,x+y+z)


Overall CC for 20000 unrelated pairs: 0.310

Estimated expectation value of true correlation coefficient E(CC) = 0.906

Estimated sd(CC) = 0.668 / sqrt(N)

Estimated E(CC) of true correlation coefficient from identity = 0.946


Scoring individual symmetry elements


+--------------+--------+------+---------+-----+----------------+

|   likelihood |   Z-CC |   CC |       N |     | Operator       |

|--------------+--------+------+---------+-----+----------------|

|        0.917 |   9.85 | 0.98 |  589492 | *** | 1 |(0, 0, 0)   |

|        0.917 |   9.71 | 0.97 | 1157058 | *** | 4 |(1, 0, 1)   |

|        0.917 |   9.72 | 0.97 | 1157348 | *** | 4 |(-1, 0, 1)  |

|        0.916 |   9.67 | 0.97 | 1157274 | *** | 4 |(1, -2, 1)  |

|        0.917 |   9.75 | 0.97 | 1157140 | *** | 3 |(-1, 2, 1)  |

|        0.917 |   9.74 | 0.97 | 1157094 | *** | 3 |(-1, -2, 1) |

|        0.917 |   9.7  | 0.97 | 1157214 | *** | 3 |(1, -2, 3)  |

|        0.917 |   9.7  | 0.97 | 1157180 | *** | 3 |(3, -2, 1)  |

|        0.917 |   9.78 | 0.98 |  578720 | *** | 2 |(1, 0, 0)   |

|        0.916 |   9.67 | 0.97 |  578600 | *** | 2 |(0, 1, 0)   |

|        0.917 |   9.78 | 0.98 |  578612 | *** | 2 |(0, 0, 1)   |

|        0.917 |   9.73 | 0.97 |  578586 | *** | 2 |(-1, 1, 0)  |

|        0.916 |   9.69 | 0.97 |  578556 | *** | 2 |(1, 0, 1)   |

|        0.916 |   9.65 | 0.96 |  579424 | *** | 2 |(-1, 0, 1)  |

|        0.917 |   9.75 | 0.98 |  578680 | *** | 2 |(0, -1, 1)  |

|        0.917 |   9.77 | 0.98 |  578684 | *** | 2 |(1, -1, 1)  |

|        0.917 |   9.76 | 0.98 |  578584 | *** | 2 |(1, -2, 1)  |

+--------------+--------+------+---------+-----+----------------+


Best solution: F m -3 m

Unit cell: 

Reindex operator: -a-2*b-c,-a-c,a-c

Laue group probability: 1.000

Laue group confidence: 1.000


+-------------------+--------------------------+

| Patterson group   | Corresponding MX group   |

|-------------------+--------------------------|

| F m -3 m          | F 4 3 2                  |

+-------------------+--------------------------+



S C A L I N G *



W O R K F L O W S



E N S E M B L E  P R O C E S S I N G

dials.import ../data*.nxs

dials.find_spots imported.expt

dials.index imported.expt strong.refl

dials.refine indexed.expt indexed.refl

dials.integrate refined.expt refined.refl

dials.cosym integrated.expt integrated.refl

dials.scale symmetrized.expt symmetrized.refl \     

    anomalous=true absorption_level=medium



C O S Y M

• Decide symmetry


• Align crystals in reciprocal space


• Re-index data across many sweeps 
resolving indexing ambiguity



A N C I L L A R Y  T O O L S

• cosym - resolve symmetry and 
indexing ambiguity simultaneously


• ∂CC1/2 - identify data sets which do 
not contribute to final result



P Y T H O N  A P I



D E T E C T I O N  O F  
O V E R L O A D E D  
R E F L E C T I O N S

• Assess fraction of count rate 
used on absolute pixel values


• Find spots with excessively high 
limit, then analyse pixels found
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D E T E C T I N G  B A D  
P I X E L S

• Unreliable pixels => higher than 
expected probability of recording 
signal


• Use spot finding algorithms, count 
how frequently pixel is “signal”



E X T E N S I O N  T O  O T H E R  T E C H N I Q U E S

• Neutron diffraction - time of flight - David Mcdonagh presentation


• Electron diffraction / microED / 3DED - very much work in progress, 
particular interest at sites at Diamond



G E T T I N G  D I A L S

• dials.github.io -> installation


• conda install dials


• github.com/dials/dials for code / 
issues / pull requests etc.


• Tutorials and documentation online

http://dials.github.io
http://github.com/dials/dials
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