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A meeting of minds at last year’s PQE conference 
brought a proposal of how incoherent and 
fluorescence photons can be used to obtain 
structures of molecules [1], based on Hanbury-
Brown Twiss intensity interferometry and X-ray 
quantum optics [2].  The information of the atomic 
arrangements of the emitting atoms is determined 
from correlations of the angularly-resolved emission 
intensities, detected within the coherence time of 
the emission process.  This can be achieved by 
using the natural time-gating of X-ray free-electron 
laser pulses which can be made as short as the 2 fs 
coherence time that is set by the lifetime of the 
inner-shell X-ray fluorescence radiation.  

	 We plan to explore this method on metal-
bearing proteins, by detecting XFEL-induced 
fluorescence using large-area pixellated detectors.  
A detector has about three million pixels, giving 5 x 
1012 intensity correlations in a single shot. The 
correlation between a pair of pixels located at 
scattering wave-vector directions (relative to the 
sample) of k1 and k2 encode the strength of the 
Fourier component of the object given by q = k1 - 
k2.  Remarkably, the trillion observations of I(k1) I(k2) 
map out a volume q = k1 - k2 of Fourier space (see 
Figure) rather than the usual two-dimensional 
manifold accessible in a coherent diffraction 

experiment. This means that true three-dimensional information can be obtained from 
measurements in a single orientation. 

	 This 3D imaging will be discussed, as well as several more advantages over the 
conventional crystallographic techniques that have been in use for the last 100 years. The 
fluorescence emission for an atom such as Fe is about 200 times the probability for scattering 
from a carbon atom, allowing measurements on single molecules, in solution.  The chemical 
specificity of the emission means systems can be examined in natural environments, and 
chemical states (such as oxidation) can be discriminated.  We expect atomic resolution without 
suffering from atomic form factors that limit high-resolution coherent scattering measurements. 
The method can be easily combined with diffraction, and thus may have great impact for 
understanding the structure, dynamics, and energetics of proteins and other materials.
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A map of 3D correlations at locations q = 
k1 - k2 of simulated fluorescence 
intensities from a Fe-bearing protein 
crystal exposed to a single X-ray FEL 
pulse shorter than the Fe core-hole 
lifetime.  From the 4.6×1012 correlations, 
one already observes periodicity of the 
Fourier components, indicating the 
(crystalline) structure.


