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



S O L U T I O N  T O  M O S T  P R O C E S S I N G  
P R O B L E M S  -  C O L L E C T  B E T T E R  D ATA !

• With a pixel array detector (pilatus, eiger) no readout 
noise so be sparing with photons (Andreas F talk)


• Collect more, weaker data in preference - lousy Rmerge 
but great Rpim


• Mount your crystals carefully - make sure most of the 
atoms in the beam are your crystal not loop, drop, … 
(Elspeth G talk)


• Cryo-cool your samples carefully (also Elspeth’s talk)



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

• Tutorials will have running individual DIALS steps 
because this is good to know


• In reality I run DIALS with xia2


• You can also use DUI for interactive processing



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  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


• Symmetry determination: determine which intensities are related to one 
another by symmetry which is critical for … 


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



E X P E R I M E N T











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=Se image=../se-thau-mad/SeThau_hrm_3_master.h5


• You would learn nothing



xia2

command-line

programmer

API



xia2

command-line

programmer

API

CCP4 DUI



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



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 imported.expt [nproc=8]


dials.index imported.expt strong.refl [space_group=..] [unit_cell=..]


[dials.refine_bravais_settings indexed.refl indexed.expt]


dials.refine


dials.integrate


dials.symmetry


dials.scale


dials.export



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


dials.find_spots imported.expt [nproc=8]


dials.index imported.expt strong.refl [space_group=..] [unit_cell=..]


[dials.refine_bravais_settings indexed.refl indexed.expt]


dials.refine


dials.integrate


dials.symmetry


dials.scale


dials.export





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


• refl files contain reflection data


• expt files contain model information


• MTZ files are probably what you want at the end for 
structure determination and refinement



A L G O R I T H M S



S P O T  F I N D I N G



S P O T  F I N D I N G



S P O T  F I N D I N G



S P O T  F I N D I N G



S P O T  F I N D I N G



S P O T  F I N D I N G



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



R E F I N E M E N T  F E AT U R E S

• Possible to do joint refinement - one model for 
geometry for e.g. 50 data sets


• True errors on unit cell parameters - critical for 
assessing isomorphism



I N T E G R AT I O N



S C A L I N G

• dials.symmetry - determine the Patterson symmetry of 
the data


• dials.scale - correct for experimental effects using 
symmetry-related experiments



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



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 🙂





T U T O R I A L



S E  
T H A U M AT I N

• Single sweep of data 
measured for routine 
testing


• 3600 x 0.1° images


• Simple to process through 
to refined structure


• Good for learning how to 
drive DIALS



S P O T  F I N D I N G

Histogram of per-image spot count for imageset 0:

299032 spots found on 3600 images (max 5558 / bin)

     * ******                    ********                   

*******************       * **********************      * **

************************************************************

************************************************************

************************************************************

************************************************************

************************************************************

************************************************************

************************************************************

************************************************************

1                         image                         3600



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



I N D E X I N G

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

|   Exp |   Nref |   RMSD_X |   RMSD_Y |     RMSD_Z |

|    id |        |     (px) |     (px) |   (images) |

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

|     0 |  36000 |  0.36113 |  0.28824 |    0.53236 |

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


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

|   Imageset |   # indexed |   # unindexed | % indexed   |

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

|          0 |      281437 |         17594 | 94.1%       |

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



L O O K  AT  T H E  I M A G E S



R E F I N E  B R AVA I S  S E T T I N G S

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

|   Solution |   Metric fit |   rmsd | min/max cc   |   #spots | lattice   | unit_cell                                |   volume | cb_op      |

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

|   *      9 |       0.0307 |  0.038 | 0.829/0.865  |    36000 | tP        | 57.92  57.92 150.05  90.00  90.00  90.00 |   503356 | a,b,c      |

|   *      8 |       0.0256 |  0.037 | 0.827/0.865  |    36000 | oC        | 81.89  81.93 150.05  90.00  90.00  90.00 |  1006684 | a-b,a+b,c  |

|   *      7 |       0.0307 |  0.037 | 0.865/0.954  |    36000 | oP        | 57.92  57.90 150.03  90.00  90.00  90.00 |   503121 | a,b,c      |

|   *      6 |       0.0256 |  0.037 | 0.832/0.832  |    36000 | mC        | 81.89  81.93 150.05  90.00  90.00  90.00 |  1006654 | a-b,a+b,c  |

|   *      5 |       0.0307 |  0.037 | 0.866/0.866  |    36000 | mP        | 57.91  57.92 150.04  90.00  90.01  90.00 |   503230 | -b,-a,-c   |

|   *      4 |       0.0175 |  0.036 | 0.827/0.827  |    36000 | mC        | 81.92  81.89 150.04  90.00  90.02  90.00 |  1006534 | a+b,-a+b,c |

|   *      3 |       0.0265 |  0.036 | 0.954/0.954  |    36000 | mP        | 57.91  57.90 150.01  90.00  90.02  90.00 |   502978 | a,b,c      |

|   *      2 |       0.0206 |  0.036 | 0.865/0.865  |    36000 | mP        | 57.90 150.03  57.92  90.00  89.98  90.00 |   503164 | b,c,a      |

|   *      1 |       0      |  0.035 | -/-          |    36000 | aP        | 57.92  57.90 150.02  90.01  90.02  89.97 |   503069 | a,b,c      |

+------------+--------------+--------+--------------+----------+-----------+------------------------------------------+----------+------------+* = recommended solution



R E F I N E M E N T  ( W I T H  S C A N  
VA R Y I N G )

From indexing:

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

|   Exp |   Nref |   RMSD_X |   RMSD_Y |     RMSD_Z |

|    id |        |     (px) |     (px) |   (images) |

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

|     0 |  36000 |  0.36113 |  0.28824 |    0.53236 |

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

From refinement:

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

|   Exp |   Nref |   RMSD_X |   RMSD_Y |     RMSD_Z |

|    id |        |     (px) |     (px) |   (images) |

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

|     0 | 222068 |  0.24386 |  0.22748 |    0.20681 |

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



I N T E G R AT I O N

☞
☞
☞



S Y M M E T R Y

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

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

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

|        0.936 |   9.93 | 0.99 |  694952 | *** | 1 |(0, 0, 0)  |

|        0.936 |   9.92 | 0.99 | 1334196 | *** | 4 |(0, 0, 1)  |

|        0.936 |   9.93 | 0.99 |  689472 | *** | 2 |(1, 0, 0)  |

|        0.936 |   9.92 | 0.99 |  667382 | *** | 2 |(0, 1, 0)  |

|        0.936 |   9.92 | 0.99 |  667388 | *** | 2 |(0, 0, 1)  |

|        0.936 |   9.92 | 0.99 |  667136 | *** | 2 |(1, 1, 0)  |

|        0.936 |   9.92 | 0.99 |  667218 | *** | 2 |(-1, 1, 0) |

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



S Y M M E T R Y

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

| Patterson group   |     |   Likelihood |   NetZcc |   Zcc+ |   Zcc- |   CC |   CC- |   delta | Reindex operator   |

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

| P 4/m m m         | *** |        0.999 |     9.92 |   9.92 |   0    | 0.99 |  0    |       0 | a,b,c              |

| P m m m           |     |        0     |     0.01 |   9.92 |   9.92 | 0.99 |  0.99 |       0 | a,b,c              |

| C m m m           |     |        0     |    -0    |   9.92 |   9.92 | 0.99 |  0.99 |       0 | -a+b,a+b,-c        |

| P 4/m             |     |        0     |     0    |   9.92 |   9.92 | 0.99 |  0.99 |       0 | a,b,c              |

| P 1 2/m 1         |     |        0     |     0.01 |   9.93 |   9.92 | 0.99 |  0.99 |       0 | a,b,c              |

| P 1 2/m 1         |     |        0     |     0.01 |   9.93 |   9.92 | 0.99 |  0.99 |       0 | b,a,-c             |

| P 1 2/m 1         |     |        0     |     0    |   9.92 |   9.92 | 0.99 |  0.99 |       0 | -b,c,-a            |

| C 1 2/m 1         |     |        0     |     0    |   9.92 |   9.92 | 0.99 |  0.99 |       0 | a+b,a-b,-c         |

| C 1 2/m 1         |     |        0     |     0    |   9.92 |   9.92 | 0.99 |  0.99 |       0 | -a+b,a+b,-c        |

| P -1              |     |        0     |     0.01 |   9.93 |   9.92 | 0.99 |  0.99 |       0 | a,b,c              |

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




S C A L I N G



M A P  W I T H  S H E L X  C / D / E  

( V I A  FA S T _ E P )
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