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The static local order of the metallic glass Au49Ag5.5Pd2.3Cu26.9Si16.3
 [1], an atomic system, has been 

investigated at room temperature by means of X-rays at the coherent beam line P10 at the Petra III 
synchrotron, Desy. Previously a correlator has been applied to disordered hard and soft sphere 
colloidal glasses reflecting how local clusters change their symmetry and orientation imprinted in 
their X-ray speckle [2]. 

 

Figure 1: Experimental setup: (a) sample chamber flushed with Helium, (b) Princeton LCX:1300 CCD 
detector. Inset (d) showing the metallic sample in the sample chamber exposed to coherent X-rays in 

transmission. 

We used a single CCD detector, the Princeton LCX:1300, Fig. 1. This detector has a pixel size of 
20 µm per side and a surface area about 25×25mm2. The detector size and pixel size impose a 
sample-to-detector distance restriction of about 1.4 m. Figure 1 shows the chamber (a) filled with 
Helium containing the amorphous metallic sample (inset, (d)) , and the evacuated flight path 
leading to the CCD Princeton LCX 1300 detector (b). 
 
The sample thickness was chosen considering the longitudinal coherence length of Si(111) of 1.2 
µm. Thin samples (~2µm) and a focused beam with small aperture reduce loss of speckle contrast.  
 
Since we were searching for frozen-in positional correlations of the atomic amorphous structure, it 
was relevant to maintain the same portion of the sample exposed throughout the experiment. This 
required monitoring of the physical edges of the sample. It was observed that large azimuthal 
displacements (>1º) of the detector, needed to explore the intensity maximum at 2-TH = 36.5º (Fig. 
2.(a)), induced mechanical relaxations of the setup greater than the beam diameter; 5.5×2.0 
micron2, horizontally and vertically, respectively. Relaxation times of about two hours were 
identified, i.e. of the order of 103 s. These are hence due to settling of the mechanical structure but 
also of thermal drift nature. 
 
Additionally intensity-intensity correlations were measured, Fig. 2.(b). It was observed a loss of 
correlation already in less than 100 s. These measurements are consistent with tracking of the  



 

Figure 2: (a) Experimentally measured maximum at 2-TH =36.5o, for the Au-alloy. (b) Intensity-intensity 
time autocorrelation function analysis, g2, showing loss of correlations within 102 s. (c) 50×50 pixel sub-

sample with X-ray photon intensity recorded after scattering from the sample 

physical edge position of the sample.  
 
To prevent position instability problems that were encountered this far, a new setup has been 
developed. The sample will now be rotated using nano-positioners, and the detector will be fixed at 
an arbitrary azimuthal value at the Q of maximum intensity.  
 
The new sample chamber being developed will have only sub-micron inaccuracies in the position. 
It should be highlighted that the correlation technique relies on recording coherently the atomic 
positions as speckle intensities and keeping any positional drift to a minimum. Variations in the 
portion of the sample being illuminated will smear out the relevant modulation information, as we 
have been able to asess, via intensity-intensity time autocorrelations, Fig. 2.(b). Figure 2.(c) shows 
a sub-sample of 50×50 pixel with the photon intensity structure registered in these type of 
experiments. 
 
To explore various possible modulations present in the amorphous alloys we would like to cover a 
wide azimuthal range, ideally 360º. 180º can be covered reasonably well. This implies a rotation of 
the sample such that the surface area of the detector covers an azimuthal angle of some 1.2º at the 
detector working distance of about 1.4 m from the sample. 
 
Our novel angular cross correlation function [2] allows us to observe local symmetries in 
disordered glassy materials. Up to now we were only able to study colloidal systems because all 
scattering is in the forward diffraction. Obviously, the extension of the XCCA technique to atomic 
and molecular disordered systems will be very important in the advancement of our knowledge of 
the local order in amorphous and liquid metals. 
 
Synchrotron sources should be able to compete with X-ray free electron lasers for systems with 
“frozen” dynamics; only liquids are the sole domain of XFELs. Our results will shed new light on 
the glass transition phenomenon and pave the way for a better understanding of an important class 
of materials. 
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