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The Maia detector is a novel design by CSIRO and NSLS for fast energy-dispersive x-ray 
fluorescence spectroscopy and elemental imaging, which overcomes limitations of 
conventional Si(Li) and silicon drift (SD) detectors with regard to count-rates and imaging 
dwell times. The Maia consists of 384 individual detector elements, arranged in an annular 
backscattering geometry. This results in a large solid angle, enhancing the sensitivity of the 
experimental set-up. Additionally, the large number of small detectors is less prone to count-
rate saturation than a single large detector. This, in combination with streamlined data 
handling using an internal FPGA (Field Programmable Gate Array), allows for count rates 
exceeding 10

7
 photons/s and pixel transit times as small as 50 µs [1,2]. The Maia detector 

package is completed with an integrated routine for real-time full-spectal elemental 
deconvolution using Dynamic Analysis [3]. Coupled with the focused beam at the P06 micro-
endstation (beam size down to 300×350 nm), large high-resolution elemental images can be 
acquired. The measurement speeds and data rates allow acquisition of large 2D elemental 
maps with up to 10

7
 pixels in a few hours, 3D fluorescence tomography or the performance of  

operando studies. This year, such a detector was installed at P06 micro-endstation.  

The scanning procedure was integrated into the IT infrastructure of Petra III by implementing 
a Tango-server to accommodate the special properties of the Maia system. A special macro 
using the Sardana software interface integrates on-the-fly scanning, i.e., the acquisition of 
XRF signals during continuous movement of the scanning axis. The continuous readout of the 
motor encoders of the scanning axes, which connect direct to the Maia detector, allow for 
accurate localization of each pixel. Simultaneous acquisition of the primary beam signal using 
an ion chamber allows normalizations against fluctuations in the incoming beam.  

The setup of the detector at the experiment is illustrated in figure 1a). In the fluorescence 
spectra a typical energy resolution of 270−300 eV was observed. While this is inferior to 
conventional Si(Li) and SD detectors, it is sufficient to resolve neighbouring K-lines, as it is 
shown in a spectrum of the NIST SRM 611 in Figure 1c). 

First applications at P06 have already covered a wide range of scientific fields, from geology 
through biology (thin sections of tissue, figure 1d), to materials science (figure 1e) and 
cultural heritage. Figure 1 shows examples from these different measurements, illustrating the 
versatility of the instrument, as it is capable of measuring trace elements as well as bulk 
samples. The short sample-to-detector distance of only a few mm (see figure 1a)) promotes 
the measurements of relatively large, flat specimens. However, we successfully implemented 
a tomographic measurement of frozen plant tissue in a cryogenic flow, see figure 1b). Further 
environments include the measurements of an operating battery electrode. 

 

 



 

Figure 1: a) Setup of the Maia detector at the P06 micro-endstation, b) implementation of a cryostream 
with the Maia detector, c) spectrum of a NIST 611 standard acquired at P06 at 13.1 keV, d) sample 

image of an Fe map of a biological thin section (pigeon beak), e) Elemental map of Ni and phase map 
obtained by linear combination fitting of the XANES imaging. 

Besides the typical application of elemental mapping, image acquisition can be performed in 
the vicinity of an absorption edge to visualize the distribution of chemical species. An 
example is shown in figure 1e), where the left hand image shows the elemental distribution of 
Ni in an electrode for Li-ion batteries, while the right image shows the phase map obtained 
from linear combination fitting performed on the reconstructed XANES (X-ray Absorption 
Near Edge Structure) spectra in each pixel.  

In the future, we envision the combination with diffraction for simultaneous collection of 
diffraction and fluorescence data. This will continue our efforts to detect elemental and 
chemical speciation correlated with microstructural properties.  
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