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Fig. 1. A schematic drawing of quantum critical point
(QCP), which arises when a continuous phase transi-
tion at TN is suppressed to occur at zero temperature
by the application of external tuning parameter 4, such
as the chemical doping x, pressure P, or magnetic field
H. Exotic phenomena such as the non-Fermi-liquid
behaviors, a dramatic enhancement of the effective
mass m*/mg, and unconventional superconductivity

are frequently observed near the QCP.
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Fig. 2. (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 L-Helium cryostat and a
superconducting magnet. This system enables us to measure physical properties under multiple extreme conditions
including the Pmax = 15 GPa, Tinin = 1.4 K and Hpax =9 T.
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Fig. 3. (a) Resistivity p(T) of the CrAs single crystal under various hydrostatic pressures up to 7 kbar in the whole

temperature range highlighting the variation with pressure of the antiferromagnetic transition temperature T indicated

by the arrows. Inset shows a schematic crystal structure of CrAs. (b) and (c) p(T') data at low temperatures in the whole

investigated pressure range highlighting the evolution with pressure of the superconducting transition (161,
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sure. Here AT, is defined as the 10%-90% supercon-
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tivity below 10 K. (d) A plot of p versus T1-5 for the
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Fig. 5. (a) Resistivity p(T") and (b) the temperature
derivative dp/dT of the MnP single crystal under vari-
ous pressures up to 10.7 GPa highlighting the variation
with pressure of the magnetic transition indicated by
the vertical arrows; (c) the c-axis p.(T") data at low
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dependence of the ac magnetic susceptibility x'(T)
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Fig. 6. Temperature dependence of (a) the resistivity p(T")
and (b) the ac magnetic susceptibility 4mx on MnP at

low temperatures under various pressures near the critical

pressure P, [17]
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Fig. 7. (a) Temperature-pressure phase diagram of
MnP single crystal. Pressure dependences of the mag-
netic transition temperatures, Tc, Tm, T, Ts and the
superconducting transition temperature Tsc; Tsc has
been scaled by a factor of 20 for clarity. (b), (c) Vari-
ation with pressure of the residual resistivity po and
the A coefficient extracted from a linear fitting to the
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Fig. 8. Temperature dependence of resistivity p(T) in FeSe single crystals under high pressure: (a) p(T') curves below 100 K

at different pressures up to 1.9 GPa measured in the self-clamped piston-cylinder cell; (b), (c¢) data up to 8.8 GPa and
15 GPa measured in the self-clamped cubic anvil cell in IOP CAS; (d) p(T) curves below 200 K up to 8 GPa measured in
the constant-loading cubic anvil cell in ISSP, Univ. Tokyo. Except for (c) the data are vertically shifted for clarity. The
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resistive anomalies at transition temperatures Ty, Tm, and Tc are indicated by the arrows .
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Fig. 9. Effects of magnetic fields on the magnetic and superconducting transitions under different high

pressures. The magnetic transition temperature Ty, is field independent and marked by the green arrow

(a)-(d) 191,
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Abstract

Magnetic quantum critical point (QCP) arises when a long-range magnetic order occurring at finite temperature
can be suppressed to absolute zero temperature by using chemical substitutions or exerting high pressure. Exotic
phenomena such as the non-Fermi-liquid behaviors or the unconventional superconductivity are frequently observed near
the magnetic QCP. In comparison with chemical substitutions, the application of high pressure has some advantages in
the sense that it introduces no chemical disorder and can approach the QCP in a very precise manner. In this article,
our recent progress in exploring the unconventional superconductors in the vicinity of pressure-induced magnetic QCP is
reviewed. By utilizing the piston-cylinder and cubic-anvil-cell apparatus that can maintain a relatively good hydrostatic
pressure condition, we first investigated systematically the effect of pressure on the electrical transport properties of the
helimagnetic CrAs and MnP. We discovered for the first time the emergence of superconductivity below Tc = 2 K and 1 K
near their pressure-induced magnetic QCPs at P. =~ 0.8 GPa and 8 GPa for CrAs and MnP, respectively. They represent
the first superconductor among the Cr- and Mn-based compounds, and thus open a new avenue to searching novel
superconductors in the Cr- and Mn-based systems. Then, we constructed the most comprehensive temperature-pressure
phase diagram of FeSe single crystal based on detailed measurements of high-pressure resistivity and alternating current
magnetic susceptibility. We uncovered a dome-shaped magnetic phase superseding the nematic order, and observed the
sudden enhancement of superconductivity with 7¢"** = 38.5 K accompanied with the suppression of magnetic order.
Our results revealed explicitly the competing nature of nematic order, antiferromagnetic order, and superconductivity,
and how the high-T. superconductivity is achieved by suppressing the long-range antiferromagnetic order, suggesting the
important role of antiferromagnetic spin fluctuations for the Cooper paring. These aforementioned results demonstrated
that high pressure is an effective approach to exploring or investigating the anomalous phenomena of strongly correlated

electronic systems by finely tuning the competing electronic orders.

Keywords: high-pressure measurements, magnetic quantum critical point, unconventional superconduc-

tivity, non-Fermi-liquid behaviors
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