Selective mass enhancement close to a Quantum Critical Point
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A quantum critical point (QCP) is thought to
BaFe2(As1−xPx)2 high-temperature superconducting
critical value of Xc ≈ 0.3, where thermodynamic
properties are expected to scale with a single
energy.

exist in the
system at the
and transport
characteristic

Here we report superconducting upper critical field (Hc2) data for
epitaxial thin films of BaFe2(As1−xPx)2 extracted from the electrical
resistance measured in high magnetic fields up to 65 Tesla. Using
a standard multi-band analysis, we find that Hc2 is sensitive to the
QCP, and implies a significant enhancement of the charge carrier
effective mass at the doping-induced QCP that is band-dependent,
i.e. that varies among the four Fermi pockets of this compound.
Our results point to two qualitatively different groups of electrons in
BaFe2(As1−xPx)2. The first (possibly associated with hot spots or
particular Fermi pockets) has a strong mass enhancement at the
QCP. The second, by contrast, is virtually insensitive to the QCP,
showing a nearly-constant effective mass for all values of X.
Figure: Top panel: Temperature dependence of the upper critical field in
thin films with various doping levels, for magnetic fields applied along the
crystallographic c-axis. Lines are fits to a two-band WHH model.
Bottom panel, Doping dependence of the inverse normalized Fermi
velocity (left y-axis) and normalized effective quasiparticle mass from
dHvA data (right y-axis) showing significant enhancement close to x=0.3
for one band (F2, open symbols) but not the other band (F1, solid
symbols).
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