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• Early days & recent developments in the 
field of quantum oscillations

• Hubbard model on square lattice in 
transverse magnetic field

• High-temperature quantum oscillations 
and the key role of velocity vertex



D. Schoenberg, Magnetic Oscillations in Metals (Cambridge University Press, Cambridge, England, 1984).

de Haas-van Alphen effect: periodic oscillations of 
magnetisation as a function of 1/B

Shubnikov-de Haas effect: periodic oscillations of 
resistivity as a function of 1/B

} magnetic/quantum
oscillations



D. Schoenberg, Magnetic Oscillations in Metals (Cambridge University Press, Cambridge, England, 1984).

Passage of Landau tubes across the Fermi surface modulates the DOS
(and all other quantities...)

A: extremal area of FS
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bend resistance



Is this the most appropriate picture?



[1] J. Vučičević and R. Žitko, “Universal magnetic oscillations of dc conductivity in the 
incoherent regime of correlated systems,” Phys. Rev. Lett. 127, 196601 (2021).
[2] J. Vučičević and R. Žitko, “Electrical conductivity in the Hubbard model: Orbital 
effects of magnetic field,” Phys. Rev. B 104, 205101 (2021).

1. Establish formalism for computing  and  for Hubbard model 
on 2D square lattice using the DMFT at arbitrary temperature T, 
magnetic field B, and electron density n
2. Generalization and real-space formulation of the "Khurana 
argument": absence of vertex corrections (in DMFT) for  and 
3. Comprehensive data for  in all regimes
4. Observation of SdH and BZ oscillations
5. Explain BZ oscillations as non-elastic processes which change the 
magnetic quantum number: 

BZ oscillations are "activated by incoherence"

σxx σxy

σxx σxy

σ



flux per plaquette

unit flux

Peierls phase

Landau gauge

Hubbard model
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eigenbasis (m: seniority)

periodic magnetic cells for rational p/q flux

(l: quantum number associated with the q sites of the magnetic unit cell)

q=4

eigenvectors contain detailed
information about the orbital effects  

of the field on electrons



Gauge invariant Green's function:
preserves the full symmetry of the lattice

(In PRB we give perturbative proof for the case
of local density-density interactions.)

Acheche, Arsenault, Trembley, PRB (2017)

Using gauge invariant objects, the DMFT construction proceeds without modification! 
DMFT (dynamical mean-field theory) approximation:  is local.Σ

DOS including the Peierls-phase effects



the vector potential due to electrical field
is a small long-wavelength correction to the

vector potential due to magnetic field

linear-response
(Kubo) theory



velocity vertexes

diagonal in , but matrix-valued in "m space"k̃



bubble contribution

DMFT case

velocity kernel 



longitudinal
conductivity

Hall
conductivity

See also Markov, Rohringer, Rubtsov, PRB 2019



See also Markov, Rohringer, Rubtsov, PRB 2019

Vertex correction cancellation for any gauge choice, 
for all components of j-j tensor

real-space version of Khurana argument



At low temperature we recover the conventional results:
SdH oscillations with an amplitude that
decays with increasing T according to 
the standard Lifshitz-Kosevich theory.

I. M. Lifshitz and A. M. Kosevich, Zh. Éksp. Teor. Fiz. 29, 730 (1956); [Sov. Phys. JETP 2, 636 (1956)].

D. Schoenberg, Magnetic Oscillations in Metals (Cambridge University Press, Cambridge, England, 1984).



High-T: oscillations in conductivity have different frequency that those in the spectral function and scattering time!

universal frequency:
depends only on unit cell size

doping-dependent
frequency

At high enough T, it is a good approximation to use the B=0 self-energy to calculate the transport properties.
Oscillations not due to details in , but due to the B-dependence of the velocity vertex!Σ



Crossover: SdH oscillations at low T, coexistence, BZ oscillations at high T. 

low-T high-T
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F = const.
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n = 0.8, U = 1D



oscillation regimes in FLA

finite-lifetime approximation
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⌃FLA(!) = �i�

interband ~ inelastic
intraband ~ elastic

inelasticelastic

both



BZ low-T boundary

BZ dominant

high-T boundary  
for all oscillations

DMFT results:



Conclusion

key element

enablers


