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C O R E  D E V E L O P M E N T  T E A M S

• DIALS East: Gwyndaf Evans, David Waterman, Richard 
Gildea, James Parkhurst, Markus Gerstel, Nick 
Devenish, James Beilsten-Edmands, Graeme Winter - 
focus synchrotron 

• DIALS West: Nick Sauter, Aaron Brewster, Iris Young 
Lee O’Riordan, Asmit Bhowmick - focus X-FEL





A C K N O W L E D G E M E N T S



D ATA  I N T E G R AT I O N  A N D  
S C A L I N G  ( I N  S I M P L E  T E R M S )



D I F F R A C T I O N  S P O T S …
F O R  T H E  T U T O R I A L  W E  H AV E  7 2 0  I M A G E S  L I K E  T H I S



W H I C H  S P O T  I S  W H I C H ?
N A M E  T H AT  S P O T  ( M I L L E R  I N D I C E S )



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  C O U N T S ?
D ATA  I N T E G R AT I O N



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



T E R M I N O L O G Y  ( U N I V E R S A L )

• Spot finding: locate spots on some or all of the data 

• Indexing: looking at the positions of the spots and calculating a 
model which explains those positions (may involve choices 
about lattice or space group, optional) 

• Refinement: improving the model 

• Integration: record how many counts in each spot, subtract 
background, usually fit reflection profiles 

• Scaling: correction for experimental effects i.e. beam intensity, 
illuminated volume, sample absorption…



E X P E R I M E N T



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









FA S T E S T  R O U T E  F R O M  I M A G E S  T O  
I N T E N S I T I E S

• 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 

• You would learn nothing



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



K E Y  S T E P S  W I T H  D I A L S

dials.import  

dials.find_spots datablock.json [nproc=8] 

dials.index datablock.json strong.pickle [space_group=..] [unit_cell=..] 

[dials.refine_bravais_settings indexed.pickle experiments.json] 

dials.refine 

dials.integrate 

dials.export ==> CCP4i / i2 for pointless / aimless



K E Y  S T E P S  W I T H  D I A L S

dials.import  

dials.find_spots datablock.json [nproc=8] 

dials.index datablock.json strong.pickle [space_group=..] [unit_cell=..] 

[dials.refine_bravais_settings indexed.pickle experiments.json] 

dials.refine 

dials.integrate 

dials.export ==> CCP4i / i2 for pointless / aimless
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R U N N I N G  D I A L S  



I M A G E  V I E W E R



D I A L S  F I L E S

• CBF / HDF5 files contain X-ray diffraction images 

• pickle files contain reflection data 

• json files contain model information



D E TA I L  O F  C O M M A N D  
L I N E S  I N  T U T O R I A L …  



A L G O R I T H M S



S P O T  F I N D I N G



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 )



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 )



I N D E X I N G  
( 3 D  F F T )



S O L U T I O N  P I C K I N G

--------------------------------------------------------------------------------------------------------- 
Solution Metric fit  rmsd  min/max cc #spots lattice                    unit_cell volume      cb_op 
--------------------------------------------------------------------------------------------------------- 
  5    3.0470 2.331 0.619/0.965  36000 oC  52.67  60.74  68.55  90.00  90.00  90.00 219311 a+b,-a+b,c 
  4    3.0469 2.325 0.621/0.621  36000 mC  60.77  52.69  68.57  90.00  90.04  90.00 219554  a-b,a+b,c 
  3    3.0470 2.346 0.619/0.619  35999 mP  40.27  68.59  40.25  90.00  98.17  90.00 110071      b,c,a 
* 2    0.0313 0.072 0.965/0.965  36000 mC  53.18  61.25  69.29  90.00  93.05  90.00 225383 a+b,-a+b,c 
* 1    0.0000 0.070         -/-  36000 aP  40.56  40.55  69.30  91.97  92.02  98.07 112701      a,b,c 
---------------------------------------------------------------------------------------------------------



R E F I N E M E N T



R E F I N E M E N T



I N T E G R AT I O N



S C A L I N G

• Saturday morning: Phil Evans / data reduction 

• Short version: pointless hklin dials_integrated.mtz 
hklout sorted.mtz; aimless hklin sorted.mtz hklout 
scaled.mtz 

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

• DIALS scaling program in development



C O M M E N TA R Y

• DIALS is open source, so you can look at the code to 
find out exactly what it is doing 

• Everything here is applied mathematics and nothing 
more - there are no black boxes 

• If ever you really want to understand X-ray diffraction, 
write an integration program 🙂





D I A L S . G I T H U B . I O  
X I A 2 . G I T H U B . I O


