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Optical vs X-Ray apertures: What is the difference?  

 
The aim of this technical note is to explain in simple terms what we, at Almax easyLab, commonly 
call the optical and the X-Ray apertures in a diamond anvil cell and why there is a difference 
between the two.  
 

When light passes through two different media of refractive indices n1 and n2 with an incoming angle a1 to 

the normal, the light will be refracted at an angle a2 such as:  
 

n1 . sin a1 = n2 . sin a2 

 
The diamond anvils are nearly transparent both to visible light and to X-Rays. The gasket and backing 
plates are nearly opaque both to visible light and to X-Rays. The refractive index of diamond is about 2.43 
for visible light and 1.0 for X-rays.  The refractive index of air is about 1.0.     
The figure below shows a typical arrangement for a diamond anvil cell, of a pair of anvils squeezing a 
gasket with a central hole and mounted on a pair of backing plates.    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Seat, diamond anvils and gasket arrangement in a DAC (Optical light in yellow, X-ray in grey). 

 
Optical Aperture 

In Fig. 1, the yellow rays represent rays of visible light grazing the cones inside the top support plate.  
These rays emerge into the small cylindrical opening next to the anvil. The rays now enter the top 
diamond anvil. Because the refractive index of diamond is much greater than that of air, the rays bend into 
a sharper cone.  Thus a ray at 26˚ to the normal in air passes through the diamond at 10.4˚ to the normal. 
Bending of visible light by the diamonds allows anvils to be seated on smaller holes in the support plates, 
increasing the pressure attainable in an optical cell.   

. 
X-Ray aperture 
 
The grey rays in Fig. 1 show X-Rays being introduced into the cell in a collimated beam, as is usual.  
Some will be diffracted by the sample along certain paths, whose angle to the original beam (and to each 
other) gives information about the structure of the sample.   The diamond anvils also scatter some of the 
beam; and this pattern is measured without a sample and subtracted from the pattern with a sample.  

 



 

APPLICATION NOTE 
 

 

 
For USA, Canada and Latin America: 

Almax easyLab Inc. 
485 Massachussetts Ave. Ste 300 
Cambridge, MA 02139-4018 
United States 
Ph: + 1 857 445 0045 

For Europe, Middle East and Africa: 

Almax easyLab bvba 
Wagenmakerijstraat 5 
8600 Diksmuide 
Belgium 
Ph: +32 51 55 56 37 

For Asia and Oceania: 

Almax easyLab Ltd 
Science & Technology Centre 
University of Reading 
Reading, RG6 6BZ, UK 
Ph : +44(0)118 935 7272  

ML13_09  ©Almax easyLab, 2013. All rights reserved 
 

However, unlike the optical light, X-Rays travel in a straight line across the diamond anvil – air boundary.  
The X-Ray aperture is limited by the smallest tangent anywhere along the path.  The lower grey rays 
show the limits of the X-Ray scatter which can be collected. As one can see the main limiting factor will be 
the dimensions of the diamond anvil and the diameter of the hole of the seat. In the case shown in figure 
1, the X-Ray aperture is 50 degrees. Usually the X-Ray Aperture of a cell is much less than the Optical 
Aperture, although some designs of seats (e.g. Diacell OmniDAC, Boehler Almax PlateDAC) allow them 
to be nearly equal.  
 
Finally the use of X-Ray transparent support materials can give X-Ray Apertures greater than the Optical 
Aperture (e.g. Bragg S, Bragg G).  More can be read on this point by clicking here.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Optical aperture (left) vs X-Ray aperture (right) 

                                 


