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Fig. 1. Typical phase diagrams for high-7, cuprates, iron-based superconductors, heavy fermion superconductors and k-typed
layered organic superconductors. The figures are reproduced from Refs. [14,16,23,24].
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Fig. 2. (a), (c¢) Spin-wave dispersion in La,CuQO, along high symmetry directions in the two dimensional Brillouin zone as indicated
in the inset. (b), (d) Spin-wave intensity as a function of the wave vector. Line is the prediction of the linear spin-wave theory. Fig. (a)
and Fig. (b) are reproduced from Ref. [35], Fig. (c) and Fig. (d) from Ref. [36].
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Fig. 3. The universality of the spin excitations in doped high- T, cuprates

the hourglass dispersion revealed by neutron scatter-

ing experiments. Figure (b) is shown for a comparison with the dispersion in the undoped system, which is represented schematic-

ally by the solid lines. The figures are reproduced from Ref. [25] and Ref. [47], respectively.
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Fig. 4. Images of spin excitations in the momentum space for YaBa,Cu3Og¢ revealed by neutron scattering experiments, at differ-

ent excitation energies: (a) E =24 meV ; (b) 34 meV; (¢) 75 meV. 34 meV is the energy of the spin resonance. Figures are repro-

duced from Reference [43].
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Fig. 5. Figures show spin wave dispersions in BaFe,As, along the (m,¢y) and (gz,0) directions, respectively. In the panel (a), the

solid line is a Heisenberg model calculation using anisotropic exchange couplings SJi1a =59.2£2.0, SJip = —9.2£1.2,
SJ2 =13.6£1.0, SJ. =1.84+0.3 meV, and the dotted line is that assuming isotropic exchange coupling SJi, = SJip =
183+ 1.4, SJy =28.74+0.5, SJ. = 1.8 meV. S is the spin of the system. Figures are reproduced from Ref. [55].
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Fig. 6. Ladder Feynman diagram in the particle-particle channel coming from the Hubbard interaction, where the dotted lines

denote the Hubbard interaction U: (a) The spin-single channel; (b) the spin-triplet channel. Figures are reproduced from Ref. [67].
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Fig. 7. (a) Effective interaction Vi(q) between electrons arising from the exchanges of spin fluctuations along the high symmetry

directions in the Brillouin zone, calculated by Eq.(3) with the next-nearest-neighbor hopping t' = —0.3t, U = 2¢ and 12% hole

doping; (b) Fourier transformation of Vs(q). Figure (b) is reproduced from Ref. [67].
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Fig. 8. The most favorable pairing function obtained from
the weak-coupling approach to the Hubbard model Egs.(3)
and (5). The solid lines denote the Fermi surface and dot-
ted lines denote the gap nodes. The parameters are the
same as those given in the caption of Fig. 7, which are
thought to describe approximately high-T, cuprates. Figure
is reproduced from Ref. [67].
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Fig. 9. Momentum dependence of the spin susceptibility x(g,w = 0) (a), the most favorable pairing functions on the electron Fermi
pocket (b) and hole Fermi pocket (c). The results are obtained from the weak-coupling approach to the two-band Hubbard model [0,
which is thought to be the simplest model describing iron iron pnictides [. (d) The Fermi surface in which Qar denote the nest-

ing wavevector between the hole pocket around I" and electron pocket around M. Figures are reproduced from Ref. [76].
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Fig. 10. Spin susceptibility Im x(g,w) measured by neutron scattering on (a) YBayCu3Oggs, (b) BaFe; g5Coy15A8, and (¢) CeColng

for different temperatures below and above the superconducting transition temperature. Figures are reproduced from Refs. [18, 59, 20],

respectively.
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Fig. 11. Temperature evolution of the neutron intensity around the spin resonance in (a) the high-T, cuprate YBa,CuyOgg7, (b)

iron-based superconductor Bag¢Kj,FesAs, and (c) heavy fermion superconductor Ndg5Cegg5Colns. Figures are reproduced from

References [27, 19, 28], respectively.
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SPECIAL TOPIC—Superconductivity and its applications

Spin fluctuations and uncoventional superconducting pairing”
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Abstract

High- T, cuprates, iron-based superconductors, heavy-fermion superconductors and s-type layered organic
superconductors share some common features - the proximity of the superconducting state to the magnetic
ordered state and the non-s-wave superconducting pairing function. It is generally believed that the Cooper
pairings in these unconventional superconductors are mediated by spin fluctuations. In this paper, we present a
brief overview on the spin dynamics and unconventional pairing, focusing on high- 7, cuprates and iron-based
superconductors. In particular, we will overview the properties of the neutron spin resonance and its possible
origin, the pairing mechanism in Hubbard model within the weak-coupling framework and its application to the
aforesaid unconventional superconductors. We point out that the interplay between magnetism and

superconductivity is still an area of active research.

Keywords: unconventional superconductivity, spin excitation, superconducting pairing symmetry, spin

resonamnce
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