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LASER SOURCE: HHG BASED ON FEMTOSECOND ENHANCEMENT CAVITY 

Mills et al, Rev Sci Instrum 90, 083001 (2019)

Common approach to HHG 
High peak intensity required
• Amplification  Low rep rate
• Compression  Poor ∆Energy

Passive
enhancement cavity
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Common approach to HHG 
High peak intensity required
• Amplification  Low rep rate
• Compression  Poor ∆Energy

Passive
enhancement cavity
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Mode-projected        
e-p coupling constant
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e-p matrix element

t=τqt=0

DETERMINATION OF ELECTRON-PHONON COUPLING IN TIME DOMAIN

Na*, Mills*, et al, Science 366, 1231 (2019)
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TIME-RESOLVED ARPES ON QUANTUM MATERIALS

F. Boschini, M. Zonno, A. Damascelli, RMP 96, 015003 (2024)
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coherence
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Emery and Kivelson
Nature (1995)

Can we manipulate the density of phase fluctuations 
independently of the number of across-gap charge excitations?

Phase coherence 
vs. electron 

pairing in the 
formation of the 
SC condensate

QUENCHING OF PHASE COHERENCE AND SUPERCONDUCTIVITY IN HTSCs

We can look at the ultrafast dynamics within the SC gap

Σ = −i � Γ𝑠𝑠 +
∆2

𝜔𝜔 + i � Γ𝑝𝑝

𝐴𝐴 𝑘𝑘𝐹𝐹, 𝜔𝜔 = −
1
𝜋𝜋

Σ ′′

𝜔𝜔 − Σ ′ 2 + Σ ′′ 2 Pairing strength  Modification of 2∆

Phase fluctuations  Filling of the gap 
described by Γ𝑝𝑝Norman PRB (1998)
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Phase coherence 
plays major role in 
determining Tc in 

cuprates

Boschini et al. Nat. Materials 17, 416 (2018)



QUENCHING OF PHASE COHERENCE AND SUPERCONDUCTIVITY IN HTSCs

Boschini et al. Nat. Materials 17, 416 (2018)

Non-thermal bosons emitted by the thermalization of hot 
QPs are the source of the of the phase fluctuations

Phase coherence plays major role
in determining Tc in cuprates



PSEUDOGAP IN ELECTRON DOPED CUPRATES

Boschini, Zonno, et al, npj Quantum Materials 5, 6 (2020)

What about optimal doping, in absence of long-range AFM?

Antiferromagnetic order leads to band folding and hot spots

Emergence of pseudogap from ‘short-range’ spin-correlations!

= spin-fluctuations induced
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PSEUDOGAP IN ELECTRON DOPED CUPRATES

Boschini, Zonno, et al, npj Quantum Materials 5, 6 (2020)

What about optimal doping, in absence of long-range AFM?

Antiferromagnetic order leads to band folding and hot spots

Emergence of pseudogap from ‘short-range’ spin-correlations!

= spin-fluctuations induced

• T* is a crossover temperature

• The PG is filling, not closing
PG energy scale survives well above 
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EXCITONIC INSULATING BEHAVIOR IN Ta2NiSe5?



EXCITONIC INSULATING BEHAVIOR IN Ta2NiSe5?

1. Gap closure

K. Okazaki, et al, Nat. Commun. 9, 4322 (2018).

2. Robust gap

E. Baldini, et al, arXiv:2007.02909v1

Rigid gap response attributed to lattice distortion

T = 14 K, rep. rate = 30 kHz 

Δ𝑡𝑡 = 160 fs, Δ𝐸𝐸 = 31 meV

ℎ𝜈𝜈 = 1.55 eV,  0.85 mJ/cm2

T =  100 K, rep. rate = 1 kHz

Δ𝑡𝑡 = 80 fs, Δ𝐸𝐸 = 250 meV

ℎ𝜈𝜈 = 1.55 eV,  1.56 mJ/cm2

The gap closes on a time-scale much faster than the lattice 
timescale: must be an electronically driven transition  
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0.16 mJ/cm2

0.16 mJ/cm2

0.26 mJ/cm2 0.26 mJ/cm2

Spectral modification
filling (∆FWHM >0) + closing (∆E0 > 0)

Golež*, Dufresne*, et. al., PRB 106, L121106 (2022)

The enhanced spectral broadening arises from electronic-scattering 
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