
The following cookbook tutorial is crafted to guide you through your first processing of 
MicroED data using DIALS. DIALS is a powerful tool in data reduction. This tutorial is by no 
means a comprehensive guide to all that DIALS can do. The guide is meant to get you to 
process some data, get comfortable with the workflow, various tools, and produce .ins and 
.hkl files needed for structure solution and refinement.  

 

The guide assumes that you have installed DIALS properly.  

Start: 

Download the data from here 

To unzip the files from a terminal window navigate to the folder where the zip file is installed 
then use the following command insert the following. 

unzip Tutorial-selected.zip 

Navigate to the G4H4 folder  

cd G4H3 

Next create a folder to work in 

mkdir dials 

Move into this new folder 

cd dials  

The first thing is import the tilt series into DIALS. To do this we use the dials.import 
command but because we are in a different directory we need to use the following text that 
includes the ../ to start  

dials.import ../*.img 

The star indicates to look for all the files that are .img files. If you do this with the 
downloaded data, you will encounter an error such as below 

https://dials.github.io/index.html
https://umt.app.box.com/s/v7a520dhb2fy547u7b2mmaryndlpexp6


 

With EPUD if you have taken screening images there will be an additional image in the 
folder with that follows the naming scheme of name_of_file_preview.img. 

 

There are a few ways to instruct dials to look at just the tilt series images. We recommend  

dials.import ../G4H3_????.img 

Alternatively, you can just delete the preview image with  

rm ../G4H3_preview.img 

The proceed with the dials.import ../*.img 

Once you import the images you will get a redout that looks like the following image.  



 

We note here that we have 39 images and 1 sweep and an experiment file has been written 
to imported.expt  

We will use this file to do a few things.   

• Find beam center 
• Set a mask 

To evaluate the diffraction images of the tilt series, pull up the image viewer.    

dials.image_viewer imported.expt 

• Two windows will then pop up. 



 

The first is the image viewer.  

• The scroll wheel will change the zoom level. Left click and movement of the mouse 
will change the positioning of the image. Mousing over the image will let you know a 
few parameters. Including fast and slow beam center, which will be important for 
setting beam center.  



The second window is the settings window. Here there 
are a number of things that we can change. The 
parameter we will concern ourselves with right now is 
the brightness. Play with the slider. Then use the text box 
next to the slider to use 25 and press the enter key to set 
the value.  The other box to be aware of here is the box 
“Mark beam center”. Check this on and off and note the 
blue cross that shows up and leaves. If you hover over it 
and look at the bottom of the image you will see 
fast=1024 / slow=1024. Think of these as x,y coordinates.  

Use the image window and navigate to image 9 
(G4H3_0008). Use the right/left . 

 

If we look closely at this image the beam center is slightly off. This is highlighted by drawing 
lines between Friedel pairs and draw lines between them. The beam center should be in 
the center of Friedel pairs. See below image. Once you get experience looking at these 
images you likely will not have to draw lines.   



 

You can find the midway point between the Fridel pairs by using the line tool in from the 
Dials Image viewer. Click on the action button in the upper left-hand corner and select 
“Show line tool”  

A new pop-up window will appear. Click on the center of one of the reflections then click on 
the center of its pair.  

 



Use your cursor to hover over the center of the line as indicated by the cross in the line to 
obtain new coordinates. It may be beneficial to do this several times and come up with 
some sort of average integer value.  

With these coordinates we will need to re-import the images but with an additional text to 
define the beam center. The value used here is 1026,1029. 

dials.import ../G4H3_????.img fast_slow_beam_centre=1026,1029 

Doing this will overwrite the old imported.expt file.  

If you want, you can then check how the beam center changed in the image viewer.  

Next we want to generate a beamstop mask. Which will also require the image viewer. We 
will use the dials mask tool.  

In the Image window, navigate to the upper right hand corner this is a menu tab. Select on 
“Show mask tool” doing so will then give you a new window as shown below.  

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Shown to the right is the mask tool shown larger.  
Adjust the brightness again to 80 to better highlight 
the outline of the beamstop. Now click on the 
“Polygon” button.  

 

Take your cursor on the image and click near the left 
edge of the image (don’t click outside of it) where the 
top left corner of the beamstop begins. Second click 
will be near where the beamstop becomes a circle. 
Then click several times around the rounded portion 
of the beamstop till you get all the way around to the 
bottom horizontal flat portion. The final click will be near the left edge of the image below 
your start mark. When you are finished click the polygon button again. This will 
complete the polygon making a final connection between your first click and the last click. 
The mask tool window will now have numbers populating the polygon field. The image 
window should look something like the image at the bottom of the page.  

Please note. If you make a mistake there is no “undo”. Close the window and start again. 
Good news is that saving the file at the end should permit you to use the same mask along 
all the data sets you collect, as we expect the beamstop to not shift very much between 
data sets on a particular instrument. 

 



 

 

Here is the mask tool window magnified.  

 

Click on 'save' (not 'save mask') Then close the image viewer. The terminal should show 
the text “Saving parameters to mask.phil”. 

Next we need to generate the mask from the mask file.  

dials.generate_mask imported.expt mask.phil 

This will generate a pixels.mask file  

Next we will apply this file to the imported experiment.  

dials.apply_mask imported.expt mask=pixels.mask 

This will then generate a new masked.expt file. 

 

 

 

 

 

 



 

 

To confirm that this mask has been applied. Open up the image viewer (be sure to use 
masked.expt) and check the “show mask” box. See example below.  

dials.image_viewer masked.expt 

 

 

Next we need to identify diffraction spots that we want to use for indexing. This on occasion 
can take some time and with data collected. However, when using Ceta-D camera and 
EPU-D it seems that the radial profile algorithm does the best.  

While the image viewer is up, in the settings window, you can take a look at this by selecting 
“radial_profile” in the dropdown menu under “Threshold algorithm”. After selecting this 
then click on the threshold button at the bottom of the settings window. You can also 
adjust other parameters as well such as IQR multipler, Blur, N bins.  

The goal is to have enough spots corresponding to the lattice of interest to index your data 
and not include spurious spots. For this particular tutorial, leave the defaults, but change 
blur to wide.  Using the threshold button the image viewer will look like below.  



 

 

Close the image viewer. 

 

In the terminal type 

dials.find_spots masked.expt threshold.algorithm=radial_profile 

blur=wide 

The terminal will the look like the following image.  

 



 

And it ends with the following 

 

DIALS writes a reflections file “strong.refl” 

To see what the reflections look like go to the image viewer with 

 dials.image_viewer masked.expt strong.refl 



So now we need to try and index and find a unit cell.  

dials.index imported.expt strong.refl detector.fix=distance 

 

A few points of note here.  

• % indexed is 91% this is good. Don’t be discouraged if on your own research 
samples is lower. Although sometimes low values can indicate issues with the 
experimental model.   

• We note that two angles are close to 90. This can be suggestive of a monoclinic 
crystal system. We know the example here is Paracetamol (acetaminophen) and it is 
known that it does crystalize in a monoclinic space group. So to force indexing into a 
primitive monoclinic crystal system we can do this a few ways.  

dials.index masked.expt strong.refl detector.fix=distance 

space_group=P2 

or 



dials.refine_bravais_settings indexed.expt indexed.refl 

detector.fix=distance 

This is the output from the above command. Here we note that two .expt files are written.  

 

Please note that if you take bravais_setting_2.expt and move forward from here that you will 
have to re-index using that file and indexed.refl  

dials.index bravais_setting_2.expt indexed.refl detector.fix=distance 

After indexing we refine the unit cell using the following. 

dials.refine indexed.expt indexed.refl detector.fix=distance 

 

 

With the refined .expt and .refl file 

From this we need to integrate these files using the following command 

dials.integrate refined.expt refined.refl 



 

Note on resolution cut: Determining where to make the resolution cut is a nuanced 
discussion. It is often stated that asking this question to two crystallographers will result in 
three different answers. So, we will avoid any recommendations here. However, it is 
important to note it is possible to make some rough determinations on early resolution 
cuts based on what we see from the raw diffraction images, as well as some of the 
integration statistics. It is also possible to do a resolution cut later when we scale. We also 
can do resolution cut during the final refinement of the structure as well.  

For the walkthrough here, we will do use an arbitrary resolution cut at the integrations stage 
using the following   

dials.integrate refined.expt refined.refl d_min=0.75 

At the end of the integration, you should have a chart that looks like the below image.  

 

 

We will use these integrated files to merge multiple datasets.  

However, if wanted to look at statistics of the single dataset, we should then scale the 
single tilt series using the following command.  

dials.scale integrated.refl integrated.expt 

 



 

The command writes and .expt and a .refl file. It also generates a report file dials.scale.html 
can be opened with a web browser and contains various statistical information. 

 

At this point you can go and do the same thing with the other two data sets.  

Please note generally you can copy and paste the mask.phil file to other experiments 
conducted on the same instrument. You can use this file to then apply the mask to the 
other experiments.  

 

Once you are done with integrating the 2 other data sets. Then it is time to merge all three 
data sets, and convert the data into a format that we can use to solve and refine.   

 

Merging the three data sets.  

Make a new folder and transfer the three pairs of integrated.refl and integrated.expt to a 
new folder.  



mkdir combine 

 

cd combine 

 

mkdir solution 

 

cd solution 

 

 

dials.two_theta_refine  ../*.refl ../*.expt 

This command will look at the unit cells of three data sets and generate a refined unit cell 
from them. This then generates a single .expt file that we will use in the scaling steo.  

 

  dials.scale refined_cell.expt ../*.refl filtering.method=deltacchalf 
deltacchalf.mode=image_group deltacchalf.group_size=2 

This command scales and merges the 3 data sets into a single scaled.expt and scaled.refl 
file that will be used to look at stats as well as for exporting to an .ins and .hkl file that will 
be used to solve and refine.  

dials.export scaled.expt scaled.refl format=shelx composition="C H N O" 

This exports a necessary files for solving and refining a the structure.  


