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Abstract: We study theoretically high harmonic generation in the 1D Fermi-Hubbard model in the quantum tunneling regime with 

intense mid-infrared (MIR) and THz fields. This is the first theoretical study of high harmonic generation in strongly correlated solids, 

with electron correlation effects explicitly taken into account with no additional approximations beyond the Fermi-Hubbard Hamiltonian 

itself. We find that the mechanism of harmonic emission in strongly correlated solids is distinct from the one observed in semiconductors 

and dielectrics. The mechanism relies on the production of doublon-hole pairs via Landau-Dykhne type tunneling and is inherently linked 

to an insulator-to-metal phase transition. We show that high harmonic generation can be used to time this phase transition with the 

accuracy of a few femtoseconds, i.e. within the fraction of the single oscillation of the driving electromagnetic field. Our work opens the 

window for the investigation of ultrafast phase transitions in the condensed phase using high harmonic spectroscopy.  

The advent of attosecond spectroscopy, in particular 

high harmonic generation spectroscopy, has led to 

advances in following electronic dynamics in atoms 

and molecules on their natural timescale. The recent 

discovery of the high harmonic generation in bulk 

solids [1-8] has opened the door for applying HHG 

spectroscopy for ultrafast investigations of the 

electronic dynamics in the condensed phase, 

including the demonstration of the dynamical Bloch 

oscillations [2], the analysis of the relative 

importance of the intraband and interband current in 

harmonic generation [5], the reconstruction of the 

band structure in ZnO [6,7]. In particular, recent work 

[8-10] elegantly demonstrated the power of HHG 

spectroscopy for reconstructing NIR, MIR and THz 

driven nonlinear response in time, with temporal 

resolution at the small fraction of the laser cycle. In 

the case of intense THz drivers, the information about 

the temporal profile of the nonlinear dipole was 

reconstructed with an uncertainty of about 1.5 fs [8]. 

So far, theoretical study of nonlinear response in 

strongly driven semiconductors was confined to 

systems described by the band structure, either using 

semiclassical models, solving the Time Dependent 

Schroedinger Equation (TDSE), or using the 

Semiconductor Bloch Equations (SBEs). In all of 

these studies, the electronic correlation has never 

been explicitly included, preventing them from 

addressing the fundamental questions: (i) what is the 

role of electron correlations in strongly driven 

systems and (ii) how do light-driven phase transitions 

manifest in the nonlinear response. These two 

questions are addressed in the present work. 

To this end, we perform exact numerical simulations 

for half-filled 1D Fermi-Hubbard model system, 

driven by intense MIR or THz fields, in the quantum 

tunneling regime. By changing the ratio of the on-site 

interaction energy U to the hopping parameter t0, we 

can tune the system from uncorrelated to strongly 

correlated. In the strongly correlated limit of U>>t0, 

the mechanism of the harmonic emission relies on the 

production of the doublon-hole pairs (the doublon 

itself is a pair of electrons with opposite spins, 

residing on the same site of the lattice).  The 

production of these pairs occurs is linked to an 

insulator-to-metal phase transition. We show that 

high harmonic generation can be used to time this 

phase transition with the accuracy of a few 

femtoseconds. Our work opens the window for the 

investigation of ultrafast phase transitions in the 

condensed phase using high harmonic spectroscopy. 
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