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Figure 1 (Color online) Temperature dependence of resistivity for
FeSe single crystal at ambient pressure. The inset on the upper left
displays the crystal structure of FeSe, and the inset on the lower right

shows the magnetic susceptibility measured under H = 5 Oe magnetic
field (adapted from ref. [11]).
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Figure 2 (Color online) (a) A schematic drawing of the cubic anvil
cell (CAC) consisting of six anvils converging onto the cubic gasket, in
which the sample was suspended in a Teflon cell filled with the liquid
pressure transmitting medium. (b) A picture of the CAC apparatus
established in the IOP CAS by integrating the CAC with the liquid-
Helium cryostat and a superconducting magnet. This system enables us
to measure physical properties under multiple extreme conditions
including P,,. = 15GPa, T, = 1.4K and H,,,, =9 T.
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Figure 3 (Color online) Temperature-pressure phase diagram of bulk
FeSe, in which T, Ty, and T, represent the transition temperatures for
nematic order, long-range antiferromagnetic order and the super-
conductivity (adapted from ref. [50]).
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Figure 4 (Color online) The electronic phase diagram of FeSe under
high pressures. The contour plot shows the Hall coefficient Ry, which is
defined as the field derivative of p,, (H), Ry = dp,,/dH, at the zero-field
limit at each temperature and pressure (adapted from ref. [62]).
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Figure 5 (Color online) Temperature-pressure phase diagram of
(Ligg4Feg16)OHFe  osSe single crystal. The superconducting transition
temperatures 7, and 7, are determined from the high-pressure
resistivity data, while 7.* from the ac magnetic susceptibility data. The
contour color plot shows the temperature exponent o of the normal-
state resistivity up to 12.5 GPa (adapted from ref. [75]).
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Pressure effects on the FeSe-based superconductors

CHENG JinGuang & SUN JianPing

Beijing National Laboratory for Condensed Matter Physics, Institute of Physics, Chinese Academy of Sciences, Beijing 100190, China

Among the iron-based superconductors, FeSe and its derived materials have attracted much research interest recently due
to its unusual normal- and superconducting-state properties. High-pressure techniques play an important role in unveiling
the competing electronic orders and tuning the high-7, superconductivity of FeSe. In this article, we review the recent
progresses on the pressure effects of FeSe-based superconducting materials by using the cubic anvil cell apparatus that
can maintain an excellent hydrostatic pressure condition up to 15 GPa. For the bulk FeSe, we construct a comprehensive
temperature-pressure phase diagram, which uncovers a dome-shaped antiferromagnetic phase boundary and reveals the
detailed competing relationships between the nematicity, antiferromagnetism, and superconductivity. Our high-pressure
Hall results further indicate that the critical antiferromagnetic fluctuations play an important role for achieving the high-
T, superconductivity in FeSe under high pressure. For the intercalated FeSe-based high-7, superconductors, we find that
the application of high pressure first suppresses the superconducting phase SC-I and then induces a second high-7,
superconducting phase SC-1I above a critical pressure P, with the optimal T, over 50 K, resulting a double-dome shaped
phase diagram. In addition, the reemergence of SC-II phase under pressure is found to accompany with a concurrent
enhancement of electron carrier density. Without structural transition below 10 GPa, the observed SC-II with enhanced
carrier density should be ascribed to an electronic origin presumably associated with pressure-induced Fermi surface
reconstruction.

FeSe, high-T, superconductivity, high pressure measurements, magnetic quantum critical point, SC-II phase
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