ARPES on layered compounds:
From millielectron volts to femtoseconds

Kai » Electronic structure movies
Rossnagel « Chicken and egg problem

= Disentanglement in the time domain

Christian-Albrechts-Universitat zu Kiel




Femto-stroboscopic
electronic structure movies
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What for?
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= Nature of correlated phases
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Spectroscopic order parameters
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Charge or lattice?
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Pelerls insulator: Eqgg before chicken
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Pelerls insulator: Eqg before chicken
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Excitonic insulator: Chicken before egg

o
>
‘»
o
o
@
% O @) O O @) @) @) O O O O
c <T>
© Position x
exciton
" 3
________________________________ g
5 | o &
o lEG Er = phonon
c o
ST /\ “““““““““““““ X
L

0) n/a 0) n/a
Wavevector k Wavevector g



Excitonic insulator: Chicken before egg
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Excitonic insulator: Chicken before egg
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Mott insulator: Chicken without egg
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Mott insulator: Chicken without egg
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Time-domain classification?

Mott insulator Excitonic insulator Peierls insulator
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Transition-metal dichalcogenides
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1T-TaS,: a Peierls-Mott insulator
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1T-TaS,: Reconstruction +
spin-orbit coupling = Mott transition
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1T-TiSe,: an excitonic insulator?

Beamline 7, ALS, Berkeley

hv =119 eV. T'=40 K



Order parameter quenching

All that 1s solid melts into air.

The Communist Manifesto




Nature 471, 490 (2011)

trARPES using HHG: 1T-TiSe,

T =125 K
hvpyump = 1.7 €V. hvprope = 43 €V
AF ~ 400 meV. AT ~ 30 fs

F =1.75 mJ/cm?

HHG setup
Bauer group, Kiel
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Snapshots (1T-TiSe,)
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Order parameter transients (17-TiSe,)
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Quenching time (fs)
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Build-up of screening (17-TiSe,)
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see also Petersen et al., PRL 107, 177402 (2011)

Reference system: 1T7-TaS,
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Nature Commun. 3, 1069 (2012)

Hierarchy of quenching times
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Conclusions




Real charge-density waves:
Chicken and egg simultaneously
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Time-domain classification

Mott insulator

Excitonic insulator
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trARPES: a new tool
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Recent experimental progress

780-nm HHG
hupmbe =43 eV —_

1390-nm HHG
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