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Ultrafast Dynamics in Correlated Materials 
probed by time-resolved XUV-ARPES    

Bypassing the Structural Bottleneck in the 
Ultrafast Melting of Electronic Order  
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Insulator-to-metal transition in VO2  
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Peierls instability 
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CDW Melting in TbTe3 

(transient) electronic structure lattice 



 outline 

structural bottleneck  coherent lattice excitation 
 
what‘s about incoherent lattice excitations? 
 - can they affect a symmetry-broken phase? 
 - what are the characteristic time-scales?  



CDW Suppression by Lattice Fluctuations 

1d Peierls System:  effect of vibrational disorder 
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Blue bronze 
K0.3MoO3 

Theory Experiment 

relevance of phase phonon modes 
fluctuations: 3.7 – 99 meV 
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K0.3MoO3 

Prototypical Peierls insulator – AxMoO3 

(strongest) AM mode TAM ≈ 600 fs  



 HHG-based time-resolved ARPES 
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Rb0.3MoO3 – HHG-ARPES 

h = 22 eV 

electronic structure along b 

Rb 



Rb0.3MoO3 – time-resolved ARPES 

Fit: Lorentzian ⨂ Fermi-Dirac ⨂ exp. Resolution 
  peak energy 
  peak width 
  electron temperature  

probe:  
22 eV 

pump: 1.55 eV 
 1 mJ/cm² 



Rb0.3MoO3 – data analysis 

Fit: Lorentzian ⨂ Fermi-Dirac ⨂ exp. Resolution 
  peak energy 
  peak width 
  electron temperature  

peak shift 

peak 
broadening 

EDC at kF 

95 K (CDW) 
0.72 mJ/cm², 800 nm  



Rb0.3MoO3 – time-resolved ARPES 

Is this gap closing? 

T = 95 K 

T = 220 K 

0.72 mJ/cm² 

T = 220 K 

T = 95 K 

EDC at 0.35  



time-resolved ARPES: fluence dependence 

  Maximum peak-shift/temperature rise  

CDW gap* 

*Perfetti et al., PRB 66, 075107 (2002) 



gap quenching dynamics 

300 fs 

 ≈ 60 fs 

Fabs = 0.72 mJ/cm² 

Gap closing 
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K0.3MoO3 

Prototypical Peierls insulator – AxMoO3 

(strongest) AM mode TAM ≈ 600 fs  



gap quenching dynamics 

300 fs 

 ≈ 60 fs 

Gap closing 

Electron temperature 

Fabs = 0.72 mJ/cm² 

coherent response 

electron-phonon thermalization* 

incoherent phonon emission* 

*Baranov et al., PRB 89, 125102 (2014) 



gap quenching dynamics 

electron temperature 
peak broadening 
gap energy 
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Electron-phonon coupling of phason modes 

> 15 THz 



Summary 

Destruction 
of charge 

order 

Generation of 
vibrational disorder 

electron
gas 

< 30 fs 

Impulsive excitation of 
CDW amplitude mode 

bypass 

60 fs 

Structural bottleneck 

T/2 = 300 fs 
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