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 The method of multi-energy anomalous diffuse scattering 
(MADS) [1] for imaging local atomic structures is 
presented. MADS solves the phase problem by measuring 
the anomalous portion of x-ray diffuse scattering by 
analogy to the x-ray diffuse scattering holography (XDSH) 
[2]. However, compared to the two-dimensional XDSH 
experiments [3], MADS profits from the large amount of 
data recorded in a continuous three-dimensional region of 
the reciprocal space. Thanks to this approach, MADS solves 
the fundamental problem of strong artefacts inherent in the 
images reconstructed from holograms. A three-dimensional 
anomalous diffuse scattering pattern of a SrTiO3 single 
crystal was measured using anomalous scattering from 
Sr atoms at photon energies near strontium K absorption 
edge (Figure (left)). The reconstructed real-space image 
yields the average short-range order atomic arrangement 
in the vicinity of the anomalous scatterers. Compared 
to holographic methods, where only the positions of the 
strontium atoms in the first three coordination shells 
are resolved [4], MADS gives neat images of all atoms, 
including the light oxygen atoms, up to a distance of tens of 
ångstrøms (Figure (right)). 

Figure:  (Left) The anomalous diffuse scattering pattern of 
the SrTiO3 single crystal obtained as a difference between 
two diffuse scattering patterns recorded at energies of 
14 keV and 16.055 keV. (Right) The reconstructed image 
of the atomic plane parallel to the (001) crystallographic 
plane at z = a, the lattice parameter a = 3.905 Å. 
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The recursion formulas of the photon paths in the 
Borrmann triangle which satisfies a modified Bragg law 
could be derived from the binomial distribution of t plus 
d in parentheses to the nth power in the n-multiple X-ray 
reflections by regarding the permutation of the stochastic 
variables of the diffracted and transmitted photons [2]. 
Sub-Borrmann triangle of the diffraction shows perfectly 
flawless symmetry but that of the transmission shows 
inevitable asymmetry. Longitudinal and transverse sums 
of the binomial coefficients in both sub-Borrmann triangles 
could be depicted by the binomial theorem but the binomial 
distribution in the latter sub-triangle could not describe 
it graphically. It means appearance of a new binomial 
distribution. Novel understanding of both the high intense 
and very weak photon flows in the binomial distribution, 
which are popularly known as anomalous transmission and 
absorption, respectively, are revealed from the standard 
normal distribution of N(0, 1) through approximation 
of the binomial distribution. Incident photons into the 
vertex O of the Borrmann triangle propagate through 
the bypasses parallel to only the complementary half of 
the integral whole median with the highest probabilities 
from the binomial theorem and the reflected high intense 
photons emanate from a very narrow slit of O’O” on the 
base of ΔOO’O” inscribed in the Borrmann triangle, which 
could be defined by the standard deviation of N(0, 1). The 
parallel paths to the whole median of the triangle ΔOO’O” 
pass as the very weak photon flows from the terms with 
the highest exponent of d to the ≈nth power which nearly 
equals to n in n-degree homogeneous multinomials of d 
and t. The intensity ratio between the very weak photon 
flows whose dummy suffix nearly equals to n and the high 
intense photon flows whose one nearly equals to n/2 could 
be defined by (combination of n things taken near to n at a 
time)/ (combination of n things taken near to n halves at a 
time) ÷ {(n/2)!} square /n!÷0, (1) and then the former terms 
could not be absolutely detectable in experiments. It is for 
this reason that X-ray photons never emerge from a position 
on the crystal, which is directly opposite the entrance point 
on a line segment of the median on the diffraction plane. 
Similarly, from eq. (1) the nearly parallel paths in both 
sides of the Borrmann triangle also pass as the very weak 
photon flows from the terms with the highest exponent of 
t to the ≈nth power, which is mentioned in the above. In 
conclusion, both the high intense and very weak photon 
flows are correctly understood as a natural consequence. 
An additional unusually curious features pointed out many 
workers [3-5], for example, single refraction at entrance 
point O and double refraction at the midpoint of O’O”, 
could not be understood, since those exceed the realm of 
the physical possibilities [2]. We prove that the median path 
does not exist in the above. Much still remains to be done.


