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Outlook

• Introduction to electronic structure theory (tight-binding method)

• Magnetic systems – mean-field approximation

• Electronic structure of selected materials

• Correlation effects
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Introduction to electronic structure theory

Reference textbook: A.P. Sutton, Electronic Structure of Materials (Calderon Press, 1993)
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Schrödinger matrix equation

Basis set: atomic orbitals
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Basis orbital: 1s orbital

“on-site” energy

“hopping” parameter
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“on-site” energy

“hopping” parameter
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From atomic levels to bands
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Density of states

Number of electrons at zero 
temperature:
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The eigenfunctions of a one-particle Hamiltonian with the translation 
periodicity of a lattice

is periodic up to a phase:

translation vector 
defining a lattice
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1d atomic chain
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M. Kang, et al., Nat. Mater. 19, 163 (2020)

Kagome lattice
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Magnetic systems
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System in a magnetic field

magnetic field

vector potential



FUNLAYERS summer school Andrea Droghetti

https://www.supervenice.com
System in a magnetic field

1.

2.

Two changes to the Hamiltonian



FUNLAYERS summer school Andrea Droghetti

https://www.supervenice.com
System in a magnetic field

1.

2.

Two changes to the Hamiltonian

- Diamagnetism

- Zeeman coupling with the orbital angular momentum

neglected in the following
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magnetic field along z (collinear system)
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System in a magnetic field

(collinear system-> Hamiltonian matrix is block diagonal)
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H atomic chain
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For B=1 T
Band splitting: 1.16 x 10-4 eV

System in a magnetic field
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Add electron-electron interaction

Single particle potential

Electrostatic potential on an  
electron due to the charge 
density of all other electrons
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Mean-field approximation

Example: 1d chain studied previously

Number of electrons that occupy the lower band minus the number 
of electrons that occupy that highest band
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1. trivial solution: 2. non-trivial solution:

Stoner model

For small mz
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1. trivial solution: 2. non-trivial solution:

Stoner criterion

Stoner model

Stoner’s picture
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Stoner criterion

Stoner model

E

Fermi level

Stoner’s picture

E

Fermi level
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4d3d

O. Gunnarsson, J. Phys. F: Met. Phys. 6, 587 (1976) 
J.F. Janak, Phys. Rev. B 16, 255 (1977)

Density of states

Note energy scale: eV!!!
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Stoner criterion

Figure by C.D. Pemmaraju in J.M.D. Coey, Magnetism and Magnetic Materials (Cambridge University Press; 2010)
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Figure by C.D. Pemmaraju in J.M.D. Coey, Magnetism and Magnetic Materials (Cambridge University Press; 2010)
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Iron

Band structure and DOS of bcc Fe
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Fe

Te

Ge

A. Halder, …,and A. Droghetti, Nano Lett. 24, 9221 (2024)
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x

y

q⋅j angle of rotation of the spin at lattice site j
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x

y

The generalized Bloch theorem combines the spatial translation by a 
lattice vector with a spin rotation by an angle q⋅j

L.M. Sandratskii. J. Phys.: Condens. Matter 3, 8565 (1991)

𝑞 = 𝜋/6
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Generalized Bloch theorem
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𝑞 = 0

𝑞 = 𝜋

Generalized Bloch theorem
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𝑞 = 0

𝑞 = 𝜋

Generalized Bloch theorem
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𝑞 = 0

𝑞 = 2𝜋/3

𝑞 = 𝜋/2

𝑞 = 5𝜋/4

𝑞 = 𝜋

Generalized Bloch theorem
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Band structure of selected 2d materials
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MnPS3

J. Strasdas et al., Nano Lett. 23, 10342 (2023)

MnPS3

Mn
S

P

Non-magnetic band structure
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J. Strasdas et al., Nano Lett. 23, 10342 (2023)

MnPS3

Mn
S

P

Non-magnetic band structureantiferromagnetic
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ferromagnetic

monolayer CrI3
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ferromagnetic

I.V. Kashin et al. 2D Mater. 7, 025036 (2020)

J.L. Lado and J. Fernández-Rossier, 2D Mater. 4 035002 (2017)

CrI3

each Cr atom S=3/2
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𝑡2𝑔𝑒𝑔
𝑒𝑔

𝑡2𝑔

CrI3
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𝑒𝑔
↑

𝑡2𝑔
↑

𝑒𝑔
↓

𝑡2𝑔
↓

CrI3
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𝑒𝑔
↑

𝑡2𝑔
↑

𝑒𝑔
↓

𝑡2𝑔
↓

∆↑

∆↓

𝛾𝑡2𝑔𝑡2𝑔 , 𝛾𝑡2𝑔𝑒𝑔, 𝛾𝑡2𝑔𝑝 , 𝛾𝑒𝑔𝑝

CrI3
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Altermagnets

Figure from Nat. Rev. Mater. 10, 473 (2025)
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Figure from Nat. Rev. Mater. 10, 473 (2025)

Altermagnets

L. Šmejkal, J. Sinova, T. Jungwirth, Phys. Rev. X 12, 040501 (2022)
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M. Milivojević et al., 2D Mater. 11, 035025 (2024)

RuF4
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M. Milivojević et al., 2D Mater. 11, 035025 (2024)

RuF4
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Q. Song, …, A. Droghetti, et al., Nature 642, 64 (2025)

NiI2
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Electronic structure of ferromagnets 
beyond the Stoner picture
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Experiment: Mirko Cinchetti’s group (TU Dortmund, Germany) 

Electronic structure beyond Stoner
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E

Fermi level

Stoner’s picture

𝐻𝜎 = ∓𝐼 𝑛−𝜎 𝑛𝜎 = ∓𝐵𝑠𝑛𝜎

Electronic structure beyond Stoner
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E

Fermi level

Stoner picture + scattering with particle-hole pairs
Stoner’s picture

𝐻𝜎 = ∓𝐼 𝑛−𝜎 𝑛𝜎 = ∓𝐵𝑠𝑛𝜎

Electronic structure beyond Stoner
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E

Fermi level

Stoner picture + scattering with particle-hole pairs

[𝐵𝑠+𝐵𝑝−ℎ(𝜔)]𝑛𝜎(𝜔)

Stoner’s picture

𝐻𝜎 = ∓𝐼 𝑛−𝜎 𝑛𝜎 = ∓𝐵𝑠𝑛𝜎

Electronic structure beyond Stoner
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Stoner picture + scattering with particle-hole pairs

𝐵𝑝−ℎ(𝜔)𝑛𝜎(𝜔)

Σ𝜎(𝜔) ≈ 𝐼 න 𝑑𝜔′ 𝐺𝜎(𝜔′)𝜒+−(𝜔 − 𝜔′)

For example: D. M. Edwards and J. A. Hertz, J. Phys. F: Met. Phys. 3, 2191 (1973)

Electronic structure beyond Stoner
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Σ𝜎 𝜔 = 𝑅𝑒Σ𝜎 𝜔 + 𝑖𝐼𝑚Σ𝜎(𝜔)

Shift of the bands Broadening of the bands

Electronic structure beyond Stoner
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Fe

W

(DMFT)

A. Droghetti et al. Phys. Rev. B 105, 115129 (2022) – editors’ suggestion

Fe surface layer



FUNLAYERS summer school Andrea Droghetti

https://www.supervenice.com
Fe surface

D. Janas, A. Droghetti, et al., Adv. Mater., 35, 2205698 (2023)
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Fe4GeTe2

Fe

Te

Ge
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Fe4GeTe2

Experiment: Mirko Cinchetti’s group (TU Dortmund, Germany)

Calculations: Antik Sihi, Anita Halder, and Declan Nell (Trinity College Dublin) 
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Thank you!


