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ARPES on layered compounds: 
From millielectron volts to femtoseconds 

!! Electronic structure movies 
 

!! Chicken and egg problem 
 

!! Disentanglement in the time domain 
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What for? 
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!! Momentum specific order parameter dynamics 
!! Nature of correlated phases 

!! Origin of phase transitions 



Spectroscopic order parameters 

Charge or lattice? 
Chicken or egg? 
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Models 
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Peierls insulator: Egg before chicken 
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Excitonic insulator: Chicken before egg 



En
er

gy
 E

0 /a
Wavevector k

EFEBEG 

Fr
eq

ue
nc

y 
0 /a

Wavevector q

exciton

phonon

C
ha

rg
e 

de
ns

ity
 

Position x
a

Excitonic insulator: Chicken before egg 



Fr
eq

ue
nc

y 
0 /a

Wavevector q

exciton

phonon

En
er

gy
 E

0 /a
Wavevector k

EFqCDW

C
ha

rg
e 

de
ns

ity
 

Position x

2 /qCDW

Excitonic insulator: Chicken before egg 



C
ha

rg
e 

de
ns

ity
 

Position x
a

Fr
eq

ue
nc

y 
0 /a

Wavevector qDensity of states N

En
er

gy
 E

EF W 

Mott insulator: Chicken without egg 
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Time-domain classification? 
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Materials 



Transition-metal dichalcogenides 

1T 2H 

Doping or (crystalline) pressure 
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1T-TaS2: a Peierls-Mott insulator 
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Neville Smith & KR, PRB 73, 073106 (2006) 

1T-TaS2: Reconstruction + 
spin-orbit coupling = Mott transition 

Umklapp 
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1T-TiSe2: an excitonic insulator? 

2× 2× 2

T
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Beamline 7, ALS, Berkeley 

hν = 119 eV. T = 40 K



Order parameter quenching 

All that is solid melts into air. 
The Communist Manifesto 



trARPES using HHG: 1T-TiSe2 
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HHG setup 
Bauer group, Kiel 
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Snapshots (1T-TiSe2) 
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Order parameter transients (1T-TiSe2) 
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τ
quench

≈ π

ω
amp

Rudolf Peierls 

Nevill Mott 
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Conclusions 



Real charge-density waves: 
Chicken and egg simultaneously 

Excitonic insulator 
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Peierls insulator 
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Time-domain classification 
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trARPES: a new tool 
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Recent experimental progress 
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