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Fig. 1. Nematic order in real and momentum space [U: (a) The stripe antiferromagnetic state can be viewed as two interpenetrating
Néel sublattices (green and yellow) with staggered moments M; and Ms . In the momentum-space basis with magnetic order
parameters Mx and My at Qx = (x,0) and Qy = (0,w), one has M; 2 = Mx + My . (b) Onset of nematicity in the
paramagnetic phase ( (M;) = 0), illustrated via the magnetic susceptibility x(q ) across the first Brillouin zone. For T > Them ,
the inelastic peaks at Qx and Qy have equal intensity, i.e., (M¥% 2 M 2} =0. For Tmag < T < Them , one peak exceeds the

other, breaking the equivalence of the z and y directions, i.e., (M% — M2Z) = (My-Mz) #0.
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Fig. 2. (a), (b) Schematic Fermi surfaces of Ba(Fe; ,Co,),
Asy, (£ =0.054) at temperatures above and below the
structural transition. Green and red arrows denote Fermi-
surface nesting (interband scattering) at Qi1 = (1,0) and
Q2 = (0,1) ; (c) spin resonance peaks at (1,0) and (0,1),
showing that the resonance appears only at (1,0); (d) tem-
perature and energy dependence of the nematic spin correl-
ations. Adapted from Ref. [24].
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Fig. 3. (a) Schematic Fermi surfaces of NaFejg5C0g15As in the paramagnetic tetragonal phase. Arrows mark nesting vectors
Q1 =(1,0) and Q2 = (0,1); (b) schematic dy, and dz. bands above and below Tg from ARPES; (c) temperature differences
of transverse scans at (1,0,0.5) and (0,1,0.5) under ~ 10 MPa uniaxial pressure; (d) AF peak intensity vs temperature at
Q1 =(1,0,0.5) ; (e) neutron spin resonance at Q1 and Q2 in a partially detwinned sample; (f) temperature dependence of back-
ground-subtracted spin excitations at Ey2 = 6.5 meV at Q1 and Q2. Adapted from Ref. [21].
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Fig. 4. (a), (b) Schematic Fermi surfaces of FeSe in the unfolded 1-Fe Brillouin zone are shown for the tetragonal (7" > Ts ) and or-

thorhombic (T < Tg ) phases; (c), (d) low-energy spin excitations measured at Q1 = (1,0) and Q2 = (0,1) reveal significant an-

isotropy below Tt ; (e) the orbital-selective model predicts dominant low-energy spin fluctuations at (41,0), which are further en-

hanced below T¢. SC and Normal represent superconducting and normal states, respectively; (f) these spin fluctuations at (1,0)

are primarily governed by intra-orbital contributions from the dy. orbital. Adapted from Refs. [23, 31].
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Fig. 5. (a), (b) Magnon dispersions along the [1,K] and [H,1] directions, respectively, corresponding to the red dashed lines in
panel (c). (c), (d) Constant-energy slices in the [H, K] plane. (e) Extracted spin-wave dispersion of detwinned BaFeyAsy, at T' =7
K, obtained from a series of constant-energy cuts. The black curves represent fits based on a Ji4 - J1p - J2 anisotropic Heisenberg
model applied to twinned samples. The background intensity reflects RPA calculations (with renormalization factor z = 0.7), us-
ing interaction parameters U = 1.02/z ¢V and J = U/4. (f) Energy dependence of the local dynamic susceptibility x”/(E) at the
antiferromagnetic zone centers (1,0) and (0,1). Dashed lines denote spin-wave fits using a Heisenberg model from twinned data,
while solid lines show MF (Mean Field) + RPA results, scaled by a factor of 2.8 for clarity. (g) Temperature evolution of the spin-
excitation anisotropy parameter v is shown at various energy transfers. (h) Energy dependence of 1) measured at temperatures ran-
ging from 7 K to 197 K. Adapted from Ref. [11].
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Fig. 6. (a) FeAs tetrahedron diagram showing ~ 0.058 A higher Fe-As height (hpeas ) in NaFeAs vs. BaFe,As,; in-plane Fe-Fe dis-
tance shortens by ~ 0.011 A (from 2.802 A to 2.791 A). (b)-(d) Diagrams of electron hopping paths for dz., dy. , and dgy or-
bitals. (e) Measured energy-dependent local spin susceptibility for NaFeAs and BaFe,As,. (f)-(k) orbital-selective spin waves in de-
twinned BaFe,As, and NaFeAs. DFT (density functional theory) + DMFT (dynamical mean field theory) intensities along Q-F cuts
on high-symmetry paths in the orthorhombic unit cell, for NaFeAs (f)—(h) and BaFeyAs, (1)—(k), in dzo-dzz ((f), (1)), dyz-dyz ((g),
(j)), and dgy-dzy ((h), (k)) intraorbital channels. Neutron data peak positions match DFT+DMFT intensities in the dy.-dy.
channel for both NaFeAs (g) and BaFe,As, (j). Above ~ 110 meV, spin fluctuations at (1,1) match the dzy-dzy channel. In
BaFeyAs,, these shift above E ~ 150 meV and extend to ~ 300 meV band top, showing dzy-dzy fluctuations drive its larger
bandwidth. Adapted from Refs. [17, 22].
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SPECIAL TOPIC— Correlated electron materials and scattering spectroscopy

Nematic spin correlations and orbital-selective spin
L] L L3 L d *
excitations in iron-based superconductors
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(Center for Advanced Quantum Studies, School of Physics and Astronomy, Beijing Normal University, Beijing 100875, China)
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Abstract

In the study of iron-based superconductors, the intrinsic spin excitation spectrum serves as a crucial
experimental foundation for understanding the interplay among magnetic correlations, electronic nematicity,
and the microscopic mechanism of superconductivity. As multi-orbital Hund’s metals, these systems exhibit
pronounced orbital-selective electronic correlations driven by the interplay of Hund’s coupling and kinetic
frustration. In recent years, inelastic neutron scattering (INS) experiments on uniaxially detwinned single
crystals have successfully disentangled the intrinsic anisotropic spin dynamics from twinning effects, yielding
significant progress. This review focuses on three representative systems: BaFe,As,, NaFeAs, and FeSe. At low
energies, experiments reveal that spin fluctuations and the spin resonance peak originating from interband
scattering exhibit a robust twofold (C:) rotational symmetry, appearing exclusively at @i = (1,0) and
remaining absent at Q2 = (0,1). This C> symmetry provides direct experimental evidence that superconducting
pairing is intimately tied to d,. orbital-selective spin fluctuations. Furthermore, these nematic spin correlations
are shown to persist to temperatures well above the structural and magnetic transitions. At high energies,
measurements of the full magnetic excitation spectra uncover an energy-dependent orbital hierarchical
structure. While low-energy excitations are dominated by the d,. intra-orbital channel, higher-energy spin
waves progressively acquire d,, orbital character. This transition manifests as Néel-type excitations near
(£1,+1) with Cs symmetry and distinct, anisotropic damping behaviors. Supported by RPA and DFT+DMFT
theoretical frameworks, these findings demonstrate that magnetic excitations in iron-based superconductors are
not simple spin flips, but rather composite, multi-orbital cooperative modes. We conclude by discussing the
ongoing challenges in theoretically capturing the full dispersion of Néel-type excitations, highlighting the need
for further research to fully establish the universal link between intrinsic spin correlations and
superconductivity.

Keywords: spin excitations, strongly correlated electron, iron-based superconductors, electronic nematicity,
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