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Abstract

Over the past decade, the exploration of high-temperature superconductivity and the discovery of a wide range of exotic
superconducting states in Fe-based materials have propelled condensed matter physics research to new frontiers. These materials
exhibit intriguing phenomena arising from their multiband electronic structure, strongly orbital-dependent effects, extremely small
Fermi energy, electronic nematicity, and topological aspects. Among the various factors influencing their superconducting
properties, high magnetic fields play a crucial role as a control knob capable of disrupting the subtle balance between the spin,
charge, lattice, and orbital degrees of freedom, leading to the emergence of various exotic superconducting states. In this review,
we provide an overview of the current understanding of the exotic superconducting states observed in Fe-based superconductors,
with a particular focus on FeSe and Sr2VVOsFeAs, under the influence of high magnetic fields.
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2. Exotic Superconducting States in FeSe
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Fig. 1. (a) Comparison of the temperature dependence of
the estimated FeSe upper critical field He(T) obtained
from resistance measurements (white circles) and TDO
frequency measurements (white diamonds) with the WHH
model for am = 0 (black line) and am = 1.5 (red line). (b)
Angle dependence of Hcz(0) above and below T =2 K (T
=0.88 Kand T = 2.5 K). The angle 0 represents the angle
between the ab plane and the magnetic field direction. (c)
Graph of H2P(T) and HS,(T) normalized to T and
HYP(T) = 0.69T.| dH,, / dT|r, , respectively, as a
function of external pressure. (d) Pressure dependence of
the Maki parameter am. (€) Gradient of H, with respect to
H Il ab normalized to T. in the vicinity of T.. (Figure
source: Ref. 6)
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Fig. 2. (a) Torque t(H) as a function of magnetic field

measured at various temperatures for angles close to H ||

ab. (b) Graph of dt(T)/dH, obtained by differentiating the
torque with respect to the magnetic field, at various angles.
(c) Torque t(T) as a function of magnetic field measured
at different angles. (d) Graph of magnetocaloric effect as
a function of magnetic field measured at various
temperatures. () Graph of magnetocaloric effect as a
function of magnetic field measured at different angles. (f)
Heat capacity measurements C,/T as a function of the

normalized magnetic field H/H atH [l aband H || c for T
= 0.35 K are presented. Inset graph is heat capacity
difference AC,(h) /T = C,(h) / Tlyyap — Cp(h) / Tlyyc
(Figure source: Ref. 6)
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3. Exotic Superconducting States in Sr2VOsFeAs
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Fig. 3. (a) Crystal structure of Sr,VOsFeAs composed of
FeAs layers and Sr,VOjs layers. (b) Fermi surface and
electronic structure above 150K and (c) below. (d) Hall
resistivity pxy(H) measurements as a function of magnetic
field at wvarious temperatures. (e) Charge carrier
concentration and (f) charge mobility calculations. The
black curves represent values calculated based on a single-
band model for T > T, while the red and orange curves
represent values calculated based on a dual-band model for
T < To (Figure source: Ref. 9)
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Fig. 4. Graphs as a function of magnetic field for RF
frequency at H Il ab (a) and H Il ¢ (b). (c) Estimated upper
critical magnetic field He(T) for H 1l ab (red symbols) and
H Il ¢ (blue symbols) obtained from TDO and resistance
measurements, with the black line representing the curve
for am = 0. (d) Fitted curves (red and blue solid lines)
incorporating the JP effect. (Figure source: Ref. 9).
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4, Conclusion
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