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Most can be solved before you run a single program -  

• mount your sample carefully 

• collect your data carefully 

• avoid / minimise radiation damage



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

Most can be solved before you run a single program -  

• mount your sample carefully 

• collect your data carefully 

• avoid / minimise radiation damage 

• Pixel array detectors (pilatus, eiger) have no readout 
noise - collecting weaker but more data can help
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W H AT  S H A P E  I S  T H E  U N I T  C E L L ?



W H AT  I S  
T H E  
C O R R E C T  
B R AVA I S  
L AT T I C E ?



H O W  M A N Y  P H O T O N S ?
D ATA  I N T E G R AT I O N

… E V E N  F O R  S P O T S  W E  C O U L D N ’ T  S E E



P L A C E  O N  C O M M O N  S C A L E
C O R R E C T I O N S  F O R  E X P E R I M E N TA L  E F F E C T S



D I A L S



D I A L S

Fastest route to Intensities: 
Automation! 

generate_XDS.INP / autoPROC / 
xia2 / fast_dp / …. most facilities have 
something 

For dials: xia2 => 

xia2 atom=Zn image=../data/C2_sum_0001.cbf.gz 

or CCP4i2



P R O J E C T  S U P P O R T

EU FP7: #283570 NIH: GM095887 & GM102520



P H I L O S O P H Y:  T O O L B O X



xia2

Command-line

programmer 
API

CCP4 DUI

P H I L O S O P H Y:  L E V E L S  O F  
I N T E R A C T I O N



https://dials.github.io

Free, open source (BSD Licence) 

Download (Mac, Linux), find tutorials on:

For Windows, in CCP4



W H AT  C A N  D I A L S  C O P E  W I T H ?

Moving 
shadows!



W H AT  C A N  D I A L S  C O P E  W I T H ?

Complex 
geometry



W H AT  C A N  D I A L S  C O P E  W I T H ?

Complex 
detectors



W H AT  C A N  D I A L S  C O P E  W I T H ?

Multiple 
orientations



W E A K  D I F F R A C T I O N



R U N N I N G  D I A L S  

D I A L S

C C P 4  D U I



K E Y  S T E P S  I N  D ATA  P R O C E S S I N G

• Look at your images  <—— people often miss this one 

• Spot finding 

• Indexing (optionally selecting lattice) 

• Refinement (may be part of indexing) 

• Integration 

• Post integration refinement  

• Point group identification 

• Scaling



MAIN DIALS PROGRAMS
dials.import
dials.find_spots
dials.index
dials.refine_bravais_settings
dials.refine
dials.integrate
dials.scale
dials.symmetry
dials.export

More than 50 other dials.* commands

DUI



I M A G E  V I E W E R
$ dials.image_viewer imported.expt



I M A G E  V I E W E R  I N  D U I



S P O T  F I N D I N G

$ dials.find_spots

Find spots by looking for pixels whose intensity 
are larger than the local area

Images are analysed in 3D 

Candidates can be filtered on:
•number of pixels
•peak-centroid distance
•resolution
•ice rings
•untrusted regions

find

DUI



S P O T  F I N D I N G

Start with the image

dials.find_spots



S P O T  F I N D I N G

Identify strong reflections



M A P  T O  R E C I P R O C A L  S PA C E



R E C I P R O C A L  L AT T I C E  V I E W E R
( A S I D E )
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( A S I D E )

R E C I P R O C A L  L AT T I C E  V I E W E R



I N D E X I N G
Map centroids to reciprocal space, analyse for 
periodicity and determine basis vectors for the 
reduced cell
! Choice of method:
○ 1D FFT
○ 3D FFT - default
○ real space grid search algorithm

!Optionally provide known unit cell and space group
! Begins refinement process

$ dials.index method=fft3d …

DUI
Index





I N D E X I N G

From found spots



I N D E X I N G

Find Miller indices



M U LT I P L E  L AT T I C E S

Also works well for multiple lattices

1° wedge of data
1858 spots

6 Lattices identified



B A S I C  L AT T I C E  D E T E R M I N AT I O N

$ dials.refine_bravais_lattice

Lattice

DUI



R E F I N E M E N T dials.refine

(Image from dials.geometry_viewer)

refine

DUI



S C A N  VA R Y I N G  R E F I N E M E N T



I N T E G R AT I O N

Calculate the intensity of every possible reflection

dials.integrate DUI
integrate



I N T E N S I T Y  D E T E R M I N AT I O N

Need to separate signal and background under 

reflection peak 

Don’t know background in signal region so estimate 
from the surrounding pixels 

•Summation integration: estimate the reflection 

intensity by summing the counts contributing to the 

reflection and subtracting the background 

•Profile fitting: fit a known profile shape to the 

reflection to estimate the intensity



B U I L D I N G  R E F E R E N C E  P R O F I L E S

• Building reference profiles - detector space
• DIALS constructs a number of reference profiles using a 

rectangular grid on the detector



R E P O R T I N G dials.report

DUI







S C A L I N G

• With dials: dials.symmetry and dials.scale 

• With CCP4: pointless hklin dials_integrated.mtz hklout 
sorted.mtz; aimless hklin sorted.mtz hklout scaled.mtz 

• CCP4i; i2 helpful for this (particularly for log files)

scalesymmetry



S Y M M E T R Y

Scoring individual symmetry elements 
--------------------------------------------------- 
likelihood  Z-CC  CC    N            Operator 
--------------------------------------------------- 
0.916       9.81  0.98  297147  ***   1 |(0, 0, 0) 
0.913       9.72  0.97  294871  ***   2 |(-1, 1, 0) 
--------------------------------------------------- 
Scoring all possible sub-groups 
-------------------------------------------------------------------------------------------- 
Patterson group       Likelihood  NetZcc  Zcc+   Zcc-   CC     CC-    delta  Reindex 
operator 
-------------------------------------------------------------------------------------------- 
C 1 2/m 1        ***  0.913        9.76    9.76   0.00   0.98   0.00  0.0    -a,b,-c 
P -1                  0.087        0.09    9.81   9.72   0.98   0.97  0.0    -x-y,-x+y,-z 
--------------------------------------------------------------------------------------------



S C A L I N G
kB (smoothed)

Absorption surface 
(as spherical 
harmonics)



S C A L I N G

Absorption surface 
(as spherical 
harmonics)





S Y M M E T R Y  &  I S O M O R P H I S M  -  
C O S Y M
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