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Abstract. In this paper, we report some recent developments of the diffraction-based absolute X-ray energy calibration 
method.  In this calibration method, high spatial resolution of the measured detector offset is essential. To this end, a 
remotely controlled long-translation motorized stage was employed instead of the less convenient gauge blocks. It is 
found that the precision of absolute X-ray energy calibration ( E/E) is readily achieved down to the level of 10-4 for high 
-energy monochromatic X-rays (e.g. 80 keV). Examples of applications to pair distribution function (PDF) measurements 
and energy monitoring for high-energy X-rays are presented. 

Keywords: X-Ray energy calibration, X-Ray energy monitoring, X-Ray diffraction. 
PACS: 61.05.C-, 61.05.cp, 61.05.cp 

INTRODUCTION 

Accurate X-ray energy calibration is indispensable for X-ray energy-sensitive scattering and diffraction 
experiments using synchrotron radiation. The absence of well-defined features such as characteristic lines in 
synchrotron radiation requires frequent in situ energy calibration with high precision so as to identify and correct 
unpredictable energy drifts due to various factors, such as thermal loading of monochromator crystals, water cooling 
or cryocooling techniques, loss of steps in the monochromator motor, beamline optics, synchrotron orbit shifts and 
optimization in X-ray intensity1. Recently, high-energy X-ray (e.g. > 60 keV) diffraction has become increasingly 
important for atomic pair distribution function (PDF) measurements for crystalline, disordered and nano materials 2-

7. This technique involves measuring both Bragg and diffuse scatterings for structural analysis, allowing 
simultaneous probing of the local-, intermediate- and long-range structure in crystalline, amorphous or complex 
materials. However, calibrating such high energies or monitoring subtle energy drifting over the course of a long-
duration experiment can be a challenge if there is no appropriate absorption edge available for conducting the 
traditional X-ray absorption-based calibration. Recently, we have developed a diffraction-based iterative method to 
precisely calibrate X-ray energy over a wide range by using high precision gauge blocks 8. This method does not 
rely on any edge of specific elements and is especially useful when normal transmission monitoring for scanning X-
ray energy is not an option and complex micro-focusing optics are fixed in place.  

In this paper, we report some recent developments of this diffraction-based method by using a long-translation 
motorized stage to achieve the required high spatial resolution for X-ray energy calibration method.  

EXPERIMENT 

The X-ray diffraction experiments were performed at the X17B3 beamline of the National Synchrotron Light 
Source, Brookhaven National Laboratory. A Danaher DS4 actuator linear stage (600-mm stroke, Danaher Motion 
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Co.) was controlled via EPICS to change the sample-detector distance remotely. This linear stage was calibrated and 
monitored by using a 12-inch Mitutoyo Absolute Digimatic Caliper (0—300 mm, Mitutoyo 500-193).   

Here, we provide a short summary of the diffraction-based iterative method; a full description can be found 
elsewhere 8. X-ray diffraction data of a CeO2 standard were collected using a Perkin-Elmer (PE) flat panel detector 
(XRD 1261) at a series of sample-detector distances. The program Fit2D 9 was used to process the 2D X-ray 
diffraction images. Alternative data and dark files were collected for the Perkin-Elmer detector, and then input into 
Fit2D for dark current reduction. Using the Fit2D calibration command, we can obtain the apparent sample-detector 
distance and beam center coordinates by fixing the wavelength, but leaving other parameters free in the calibration. 
Arbitrary initial values of X-ray wavelength can be iteratively refined  to improve agreement between the apparent 
and real detector offset as reported previously 8. 

For X-ray total scattering measurements, typically 50—100 datasets of data/dark current spectra were collected 
and then averaged for dark current reduction to improve the statistical accuracy at high Q range. The total scattering 
function, S(Q), and the pair distribution function, g(r), were obtained using the program PDFgetX2 10. The high-
pressure nano gold (n-Au) data were fitted to the experimentally determined g(r) using the program PDFgui 11.  

RESULTS AND DISCUSSION 

Figure 1 shows the images of the absolute X-ray energy calibration setup using (a) PE detector and a long 
translation stage (600 mm); (b) The PE detector can be driven back and forth remotely to change the sample-
detector distance, which is needed in the X-ray energy calibration 8.  

  
(a) (b) 

FIGURE 1. X-ray energy calibration using a motorized stage: (a) PE detector; (b) motorized stage. 
 
Figure 2 shows the relationship between the apparent sample-detector distances and the real detector offset. The 

wavelength of the Laue monochromator (0.155 Å) was chosen as the initial value. The slope of the linear fit (Fig.2a) 
reflects the deviation of the apparent distance from the real distance, while the standard deviation indicates the 
quality of correlation and reproducibility of the experiments.  After three iterations 8, excellent linear behavior could 
be obtained for all detector offset points. The correlation coefficient between apparent and real distances approaches 
unity and residuum of linear fitting becomes small (Fig.2b), indicating the validity of the replacement of gauge 
blocks by a remotely controlled motorized stage with long translation distance. 
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FIGURE 2. X-ray wavelength calibration (0.152314 0.000044 Å) using a CeO2 standard. (a) Linear correlation of apparent 
sample-detector distance with real PE offset; (b) Residuum of linear fitting in percent. 

 
Figure 3a shows PDF data of n-Au at ambient conditions. The data were corrected for background scattering, 

self-absorption, and incoherent Compton scattering, and then normalized for incident flux, number of scatterers, and 
squared atomic form factor, to obtain the structure factor function. The PDF fit residuum, Rw, with respect to the 
established structure from the literature (fit range 1 < r < 50 Å), is 0.08, being well below the acceptable value of 
Rw=0.24. This example also proves the reliability of the proposed approach using a motorized stage to replace the 
gauge blocks for high energy X-ray calibration. Fig. 3b shows the comparison of PDF function, g(r), between bulk 
and nano Au, indicating a slight size associated damping in g(r).  
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FIGURE 3. (a) Pair distribution function (PDF) measurement of n-Au (20 nm) using high energy X-ray beam (0.15290 Å with a 
fit residual, Rw, of 0.08); (Upper panel) Reduced total scattering function F(Q) obtained from the n-Au sample. (Lower panel) 

Points are the corresponding g(r) function obtained with an upper limit for the Fourier transform which was Qmax = 20 Å−1. Lines 
are the simulated PDFs for n-Au structure solutions. The bottom curve is the difference between measured and simulated PDFs 

with offset for clarity. (b) PDF function, g(r), of bulk and nano Au for comparison.     

For experiments requiring high-energy X-rays, the Laue monochromator has many desirable properties 12. 
However, it is challenging to monitor small energy drifts over the course of experiments lasting a few days or 
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weeks. As an application, Fig. 4 shows the measured X-ray energy variation of a sagittally bent Laue 
monochromator obtained using the diffraction based method described above.  
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FIGURE 4. X-ray energy drift of a sagittally bent Laue monochromator obtained using the diffraction-based calibration method. 

CONCLUSION 

In conclusion, we have reported recent improvements of absolute X-ray energy calibration by using a remotely 
controlled motorized stage instead of the inconvenient gauge blocks. Applications ofto the PDF measurement for 
nanocrystalline Au and monitoring of X-ray energy drift indicate the validity of this method.  
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