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Abstract:

The Bardeen-Cooper-Schrieffer (BCS) condensation and the
Bose-Einstein condensation (BEC) are the two extreme limits
of the ground state of the paired fermion systems, which are
theoretically predicted to continuously connected through an
intermediate regime [1]. We report the two-dimensional (2D)
BCS-BEC realized in a gate-controlled superconductor, electron
doped layered material ZrNCl. To observe this phenomenon,
we utilized an ionic gating method, which is well known as a
powerful tool to control the carrier density in a large scale and
induced 2D superconductivity [2].

We have succeeded in controlling the carrier density by nearly
two-orders of magnitude, and established an electronic phase
diagram through the simultaneous experiments of resistivity
and tunneling spectra on the ionic gating devices. We found T,
exhibits dome-like behavior, and more importantly, a wide
pseudogap phase was discovered in the low doping regime. In
the low carrier density limit, T scales as T/T, = 0.12, where T,
is the Fermi temperature [3], which shows fair agreement
with the theoretical prediction in the 2D limit of BEC [4].
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