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Report:
We have performed the study of the low-temperature thermal expansion, using high

resolution powder x-ray diffraction, as a function of Mg substitution in the All-xMgxB2
system in order to understand correlation between the thermal expansion anomaly close Tc
and the superconductivity. During the allocated beam-time we have measured high resolution
x-ray diffraction on the Mg, AlB,, as a function of Al concentration. We could perform the
measurements on three samples with x=0.00, 1/6 and 5/6, using the wavelength A=0.5 A. All
these samples were synthesized by direct reaction of the elemental magnesium, aluminum
and boron enclosed in a stoichiometry ratio in tantalum crucibles, sealed by arc welding
under argon atmosphere and were well characterized for their superconducting properties.
The measurements were made at 25 different temperatures in the range between 4 K and 295
K for all samples. Unfortunately we have been able to get good data for the x=0.00, 1/6
samples. In figure 1 we report the variation of the a axis normalized to its value at T=300K
for the two studied samples. In figure 2 we report the variation of the ¢ axis normalized to its
value at T=300K for the two studied samples. The results for the MgB, sample for the a-axis

shows a negative thermal expansion below T*=60 K with a smaller effect in the c-axis, that



confirms the previous data by neutron diffraction by Jorgensen et al. [1,2]. Moreover we
observe a bump in the thermal expansion of the a-axis at T, in MgB, that provides a direct
evidence for the coupling of the condensate with the lattice. This effect can be clearly observe
in the raw data shown in Figure 1 us commonly assigned to a change of the structural
symmetry at short length scale. For the x=1/6 Al-doped sample we have obtained for the first
times evidence for a negative thermal expansion below T* much larger than in MgB,.. This
effect could be related to the anomalous temperature and pressure behaviour of the E,,
Raman mode of MgB, [3] that has been explained in terms of the proximity to an electronic
topological transition [4]. In fact a lattice instability is expected approaching the chemical
potential to a critical point at zero temperature that for magnesium diboride occurs at the
point where the Fermi surface 2D topology of the sigma band change to a 3D topology. In Al
doped material the ETT is expected at x=0.33 [5], therefore the lattice instability is expected
to increase with Al doping. The results in Figure 1 and 2 show that the anomalous negative
thermal expansion at T<T* increases with Al doping, confirming the expected scenario. The

results require to be extended to several Al doping concentrations.
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Fig.1 Thermal expansion of the a-axis, Fig. 2 Thermal expansion of the c-axis,
normalized to its value at T=300K. normalized to its value at T=300K
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