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Introduction	  
To obtain quantitatively relevant data from scattering measurements, it is essential to 
place it on a calibrated scale.  
 
Calibration of the abscissa (momentum transfer axis) has historically been done with the 
use of a calibrant with a known d-spacing. In this approach the characteristic scattering 
features of the calibrant are related with the observed scattering from your sample. As 
discussed in another document, SAXSLAB’s moving detector allows calibration without a 
known sample, instead, anything with one or more clearly recognizable features can be 
used. 
 
Calibration of the ordinate (scattering intensity) on laboratory systems has also historically 
required the measurement of an independently calibrated standard. However, with full 
accurate knowledge of: 
 

1) the number of photons hitting the sample (I0) 
2) how many photons are scattered where (Iscattered/Ω) 
3) the number of photons passing trough the sample without being absorbed or     

scattered (Itransmitted) 
 

it is possible to directly calculate the scattering intensity in absolute units, as will be shown 
below.  

Absolute	  intensity	  calibration	  
As mentioned, calibration to absolute intensity is often accomplished by scaling the 
obtained intensity to the scattering intensity of a standard, measured under the same 
conditions. Water or other pure solvents are often used as primary standards, because 
their scattering cross section only depends on the thermal compressibility, and thus the 
scattering intensity can be calculated. This method is rather laborious because it needs to 
be done in every configuration and it takes relatively long to obtain tolerable statistics due 
to the low absolute scattering cross section of water (0.01632 cm-1).1 In addition, it 
requires subtraction of the signal of the empty sample holder, as well as the subtraction of 
dark current in the system, which more than doubles the total measurement time. 
Alternatively, a secondary standard – a sample with previously determined scattering 
properties – can be used for absolute intensity calibration. Glassy carbon is commonly 
used for this purpose because of its high scattering intensity and stability over time.2 This 
glassy carbon, as well as any other secondary standard has to be measured on 
beforehand by some other trusted source. 
 
By contrast SAXSLAB’s instruments use a direct method for intensity calibration. This 
method basically relies on keeping track of the photons: how many go into the sample (the 
flux ϕ going through a sample with area A and thickness d in time t), what ratio is 
transmitted (T) and how many are counted on the detector (C) per solid angle (Ω). The 
difficulty lies in the fact that the direct beam (the flux) has to be measured in a different 
way than the scattered photons are measured because of its high intensity. This is taken 
into account by correcting for the efficiency with which the scattering is measured (η1), and 
that with which the direct beam is measured (η2). 



 

Technical Documentation Standardless AI-calibration_v1.3 9/22/15 

Page 3 of 5 

 

 

𝐼 𝑞 =   
𝑑Σ
𝑑Ω

=   
𝜂!
𝜂!
   ∙   

𝐶
Φ𝐴𝑇𝑡

   ∙
1
ΔΩ

   ∙
1
𝑑
                                                                                                (eq. 1) 

 
Different ingenious solutions have been presented to be able to accurately measure the 
intensity of the incoming beam, mostly relying on attenuation of the beam, for example by 
using a rotating disc, moving slits or a filter.3–6 In SAXSLAB instruments, the intensity of 
the direct beam and the transmission of the sample are measured on a PIN diode while 
the scattering intensity is measured on a Pilatus detector. The ratio of their efficiencies can 
be obtained by measuring the intensity of the beam on both devices while opening the slits 
to gradually increase the intensity (Fig 1A). 

 
Fig. 1 A) Direct beam intensity as measured on the PIN diode and on the Pilatus detector B) Ratio of the 
intensity measured on the detector and on the PIN diode 
 
Figure 1B shows the ratio of the intensities measured on the detector and on the PIN 
diode. In the region between 4 and 10 million counts per second both devices have a 
linear response where the ratio is 1.12. Below 4 million counts per second the PIN diode’s 
limited sensitivity results in increased noise (although less than 1%), while above 10 
million counts per second the Pilatus detector is no longer linear due to a combination of 
its restricted counter depth and insufficient dead time correction.7  

Glassy	  carbon	  
Using a factor of 1.12 to correct for the efficiency of the two different measurements – the 
direct beam on the PIN diode and the scattering on the detector – allows us to place 
scattering on an absolute scale without the need for an external standard as illustrated 
below. Of course, with such a claim we have to document that our approach is in good 
agreement with the presently available standards, such as glassy carbon obtained from 
the APS (Advanced Photon Source).8 
 
Figure 2 shows a calibration curve for a piece of glassy carbon obtained from the APS. 
The other two curves were acquired by measuring that exact same piece of glassy carbon 
using a copper and a molybdenum source applying SAXSLAB’s direct calibration 
approach. The results fall within 5% of each other. Such agreement is certainly within the 
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error bars of the measurement, and we would consider it to be excellent when compared 
to examples seen in recent round-robin studies.10  
 
Note of caution on the use of glassy carbon 
In our work with the glassy carbon comparison, we have found some batch-to-batch, in-
batch and even in-sample (spatial) variation in glassy carbon samples. In addition the 
thickness also varied slightly from sample to sample. So, while we support the use of 
glassy carbon as an additional standard, one has to be sure that the piece that is used for 
calibration is the exact piece that was independently calibrated. 
 

 
Fig. 2 Glassy carbon as measured at the Advanced Photon Source (APS) and the same sample measured 
using a copper and a molybdenum source corrected using the above procedure  

Concluding	  remarks	  
As documented above, SAXSLAB’s instrumentation has the tools necessary to perform 
standardless calibration of the absolute intensity.  
 
This feature allows us to remove the uncertainty associated with secondary standards: 

• Was this sample really measured or is it just part of a batch?  
• Am I measuring on the same area of the sample as when it was calibrated?  
• Is my instrument performing exactly the same as when the standard was measured 

first? Or has my intensity or something else changed? 

With these uncertainties removed reporting your data in absolute units becomes simple, 
straightforward, and most important: unambiguously accurate. 
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