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Nematicity in FeSe
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Tetragonal symmetry is broken.
Orthorhombic distortion
Electronic properties strongly anisotropic
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Nematicity in FeSe
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Spin degree of freedom Orbital degree of freedom
Ising-spin nematic? Ferro-orbital onsite ordering A (n,,-n,,,)?
Quadrupolar orders? d-wave nematic bond order AZk(coskx-cosky)(nzx(k)+nyz(k)) ?
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Correlations in iron superconductors: The role of multi-orbital physics

Experimentally electronic bands similar to those predicted by LDA but
strongly renormalized (narrower bands with enhanced mass) are observed

\ Local correlations are important
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Vildosola et al, PR® 18, 0L451% (2009)
Electron pockets

LDA: Fe bands at the Fermi level. Minimum model : 5 orbitals
Several orbitals involved (6 electrons when undoped)

Multi-orbital character may play an important role in the correlations and instabilities

A 4

Hund’s coupling: key role in the correlations
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The role of Hund’s coupling in the nematicity of iron superconductors

O Hamiltonian: 5 orbital Hubbard-Kanamori Hamiltonian (only local interactions
included). Tight binding model from LDA for FeSe
1 Interactions treated at single-site mean-field slave-spin.

* Included: local correlations (quasiparticle weight-mass enhancement)

* Not included: finite-range spin fluctuations

O Study of the response of the system to a nematic perturbation

* Onsite order: Ferro-orbital ordering A (nzx-nyz)?

* Bond order: d-wave nematic A, (coskx-cosky)(n,, (k) +nyz(k)) ?

* Anisotropy in the hopping to 1st nn
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The role of Hund’s coupling in the nematicity of iron superconductors

O Hamiltonian: 5 orbital Hubbard-Kanamori Hamiltonian (only local interactions

included). Tight binding model obtained with LDA for FeSe

1 Interactions treated at single-site mean-field slave-spin.

* Included: local correlations (quasiparticle weight)

* Not included: finite-range spin fluctuations

O Study of the response of the system to a nematic perturbation

* Onsite order: Ferro-orbital ordering A (n,,-n, ,)?

* Bond order: d-wave nematic A, (coskx-cosky)(n,, (k) +nyz(k)) ?

* Anisotropy in the hopping to 1st nn
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Outline

O Correlations in iron superconductors: the role of Hund’s coupling. Hund metals

1 Nematicity:

* Response of the system to an anisotropic perturbation: ferro-orbital
ordering and correlations

* Consequences in the band structure (ARPES)

O Summary
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Correlations in iron superconductors: The role of multi-orbital physics
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Two interaction parameters: U, J,

Local Interactions
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Correlations in iron superconductors: The role of multi-orbital physics

Local density-density interactions only

two electrons
in different orbitals

two electrons with the same spin

in the same orbital

Hi.+ = U Z NatNal + (Uf — JH) Z NaoNbo

a<b.o

+ U’ Z Nt b

two electrons Ising approximation:
in different orbitals Spin-flip part of Hund’s term
with different spin & pair-hopping neglected

U’=U-2J,, — Twointeraction parameters: U, J
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Correlations in iron superconductors: The role of multi-orbital physics

Correlations diagram corresponding to a 5 orbital Tight-binding model suitable for
iron superconductors with n=6 electrons (undoped)

Correlated high-spin state but still itinerant (double exchange)
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See also: Werner et al, PRL 101 (2008), Haule & Kotliar NJP 11(2008), Ishida & Liebsch PRB 81 (2010) Liebsch &
Ishida, PRB 82 (2010), de Medici et al PRL 107 (2011) & PRB 83(2011), Werner et al, Nat. Phys 8 (2011), Lanata
et al PRB (2013), de Medici et al PRL 112, (2014), Calderon et al ,PRB 90 (2014) Fanfarillo & EB, PRB 92 (2015)
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Correlations in iron superconductors: The role of multi-orbital physics

high-spin state but still itinerant (double exchange)
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Correlations in iron superconductors: The role of multi-orbital physics
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Hund metals: decoupling

two electrons two electrons in different
in the same orbital orbitals with the same spin

Jy) Z NaoNbo

a<b.o

Hie = UY napna,+ (U =

+ U’ Z Nt b

two electrons in a#b
different orbitals
with different spin

bl
i

o o o
= L= =]

Quasiparticle weights Z

=
i

As the atoms becomes spin polarized the effective
interaction between the electrons in different 0
orbitals decreases. It vanishes at J,,=U/3
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Fanfarillo & EB, PRB 92, 075136 (2015)
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Correlations in iron superconductors: The role of multi-orbital physics
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Strong correlations but still itinerancy

Metallicity: Allowed process
(no increase in # of double occupied orbitals
& increases spin polarization)




Iron superconductors in the correlations diagram

Weakly correlated
Fermi surface physics
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Localized spin moments
(Heisenberg models ...)
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Iron superconductors in the correlations diagram

FeP compounds
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Iron superconductors in the correlations diagram
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Correlations in FeSe
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Hund’s coupling and ferro-orbital ordering
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Response of the system to an onsite level splitting 2 I OE
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the system depend on interactions?
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Hund’s coupling and ferro-orbital ordering
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Anisotropic Quasiparticle weight
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Anisotropic Quasiparticle weight
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Anisotropic Quasiparticle weight
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Similar effects for a d-wave nematic bond order
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Effect of the nematicity on the band structure

2-Fe unit cell

zx: green  yz:red

In the tetragonal state (no nematicity):
Degeneracy of zx and yz bands at symmetry points
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Effect of the nematicity on the band structure

2-Fe unit cell In the nematic state finite splitting appears
between zx and yz bands at the symmetry points.
zx: green  yz:red The splitting gives information on the kind of nematic order

Naive splitting used to interpret ARPES experiments
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Effect of the nematicity on the band structure

In the nematic state finite splitting appears
between zx and yz bands at the symmetry points.
zx: green  yz:red The splitting gives information on the kind of nematic order

2-Fe unit cell

Naive splitting used to interpret ARPES experiments
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Effect of Onsite orbital ordering on the band structure
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Effect of Ferro-orbital ordering on the band structure
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Effect of Ferro-orbital ordering on the band structure

, FeSe .
Splitting at M, ~0g*;+0Z(2tY,, , +4t", )
Splitting at  I"~0€g*;-0Z(2tY,, ,, +4t",, . ) * o
\ ] 0.057 1
' OO i‘; UeV) lb 7—715
0.29 eV (

T T 2-Fe unit cell

Ju/U=0.20 zx: green  yz:red

U=3.4eV J,/U=0.20 &¢gy=75 meV

- 580*
- — Splitting at I (hole pockets)
" — Splitting at M, (electron pockets)

Splitting (¢,)

Energy (eV)

E. Bascones leni@icmm.csic.es



Splitting (d¢,)
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Role of Hund’s coupling in the nematicity of iron superconductors
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