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According to theory: correlation-
asissted Peierls transition

S. Biermann et al., PRL (2005)

« VO2 is not a conventional Mott insulator,
[…] the formation of dynamical V-V singlet
pairs due to strong Coulomb correlations is
necessary to trigger the opening of a
Peierls gap »
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Real vs. Reciprocal Space

Real Space Reciprocal Space

Fourier transform

Scanning Tunneling 
Microscopy (STM)

Electron diffraction

Guohong Li et al., PRL (2009) Wei Zhaoet al., Science Advances (2017)
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Energy bands
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Last band fully filled Insulator
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Last band fully filled Insulator
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Last band partially filled Metal

What went wrong?

→ Correlations: This band picture forgets about 
electron-electron interactions
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310 K, LV 310 K, LHARPES intensity: 

ARPES: to be or not to be?

Matrix element

0 if product is
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≠0 if product is
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→ 𝑑‖ band (comes from 𝑑௫௬ )

LV LH
0 ≠0

→ 𝜋∗band (comes from 𝑑௫మି௬² )

LV LH
≠0 0

Metallic phase in different polarizations

Theoretical band structure at the Fermi level:
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Different polarizations show the multiple orbital 
character of the conduction band:

310 K, LV 310 K, LH

→ In the metallic state, we find that the 𝑑‖ and 𝜋∗

orbitals coexist in the conduction band
→ The temperature-dependent data shows different
states between the metallic and insulating phases, as
well as a gradual transfer of spectral weight between
those states during the transition, in accordance with
the electronic hysteresis
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BL-2A/B

→ We worked with thin films of (001) oriented 10 nm thick VO deposited on a Nb:TiO substrate
→ Samples were made by PLD (Pulsed Laser Deposition) by Hiroshi Kumigashira’s group
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𝐀
→ Two electron-like pockets around Γ, the flower-like shape
matches with calculations
→ Matrix elements play a great role
→ The electronic structure is in accordance with published data
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