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Controlling of the Hubbard U in high-Tc superconductors

Hubbard U is relevant to: 

• QuasiparQcle effecQve mass 
• MagneQc superexchange 
• SuperconducQng pairing 
• CriQcal temperature 

And more…
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O K edge  ( )   1s → 2p Cu L edge  ( ) 2p → 3d

Measuring transient electronic interactions

Probing electronic states through time-resolved X-ray absorption
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Light-induced reshaping of the XAS spectrum

O K edge   Cu L edge  

Pump 
1.55 eV 

12 MV/cm
ZRS posiQon remains fixed UHB posiQon redshiss
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Light-induced reshaping of the XAS spectrum
(a) (b)

(c) (d)

(e) (f)
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Holon-doublon recovery 
slower than valence carriers  

 τhd ∼ exp(α
U
t )

Cold atoms 
N. Strohmaier et al. PRL (2010) 
R. Sensarma et al. PRB (2010)

Condensed matter systems 
M. Mitrano et al. PRL (2014) 
Z. Lenarčič et al. PRL (2013) 
Z. Lenarčič et al. PRB (2015)

Light-induced reshaping of the XAS spectrum
(a) (b)

(c) (d)

(e) (f)
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• Dynamical Hubbard  

• , ,  shis the ZRS
Ud

tpd tpp Up

Determining U: three-band Hubbard model
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δUd ∼ 140 meV

Determining U: three-band Hubbard model
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Dynamical Hubbard U in a minimal description

Single band  
Hubbard model
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A minimal description: single-band trXAS spectrum

Pump 
1.55 eV 

15 MV/cm
Y. Wang […] & MM Commun. Phys. 2021 

Y. Wang et al. PRB 2020 
Y. Chen et al. PRB 2019

ciσ → ciσ exp[ − i∫
ri

−∞
A(r′ , t) ⋅ dr′ ]

Peierls subsQtuQon



Matteo Mitrano - Harvard University

A minimal description: single-band trXAS spectrum

Pump 
1.55 eV 

15 MV/cm



Matteo Mitrano - Harvard University

A minimal description: single-band trXAS spectrum

Renormalized Hubbard U also in single band

Pump 
1.55 eV 

15 MV/cm



Matteo Mitrano - Harvard University

Enhanced screening

N. Tancogne-Dejean et al. PRL (2018) 
D. Golez et al. PRB (2019) 
F. AryaseQawan, lecture notes, Jülich (2011) 

Possible microscopic mechanisms
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Possible microscopic mechanisms
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D. Golez et al. PRB (2019)

A(
ω

)
A(

ω
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GW + EDMFT

HF + EDMFT
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Possible microscopic mechanisms
Floquet renormalization

J. H. MenQnk et al. Nature Comms (2015) 
Y. Wang et al. PRB (2017) 
T. Oka & S. Kitamura, Annu. Rev. Cond. MaX. Phys. (2019)
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Possible microscopic mechanisms
Floquet renormalization

J. H. MenQnk et al. Nature Comms (2015) 
Y. Wang et al. PRB (2017) 
T. Oka & S. Kitamura, Annu. Rev. Cond. MaX. Phys. (2019)

V. N. Valmispild et al. PRB (2020)
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Yan et al. Science (2011) 
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Szasz et al. PRX (2020) 
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Spin liquid phases 
Sahebsara PRL (2008) 
Yang et al. PRL (2010) 

Yan et al. Science (2011) 
Claassen et al. Nat. Comm. (2017) 

Szasz et al. PRX (2020) 

η-pairing condensaQon 
C. N. Yang PRL (1989) 
S. C. Zhang PRL (1990) 

T. Kaneko et al. PRL (2019)  
F. Peronaci at al. PRB (2020) 

J. Li et al. PRB (2020)
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How to identify these quantum phases?

D. R. Baykusheva et al. forthcoming (2021)

In collaboration with M. Sentef (MPSD), M. 
Claassen (UPenn), and D. Kennes (Aachen)
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Diagnosing quantum criQcality in physical spin systems
Mathew et al. PRR (2020) 
Scheie et al. PRB (2021) 
Laurell et al. PRL (2021) 
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Is this also true out of 
equilibrium?
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i

J[ −
1
2 ( ̂S+

i
̂S−
i+1 + ̂S−

i
̂S+
i+1) + Δ(t) ̂Sz

i
̂Sz
i+1]

L=10

QFI is enhanced while ramping across the AF transiQon



Matteo Mitrano - Harvard University

QFI in a nonequilibrium interaction ramp

XXZ chain out of  equilibrium ĤXXZ(t) = ∑
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See also 
Pellegrini et al PRB (2008) 
BartmeXler et al. PRL (2009) 
Pollman et al. PRB (2013) 

Alba & Calabrese PNAS (2017) 
Pappalardi et al. J. Stat Mech (2017) 
Schoenauer & Schuricht PRB (2019)

QFI is enhanced while ramping across the AF transiQon
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Entanglement spectroscopy of driven quantum materials

Classifying nonequilibrium phases 
based on entanglement correlaQons

MM et al. Sci. Adv. (2019) 
MM & Y. Wang Commun. Phys. (2020)
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