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Standard model of quantum many-body system

� �� �� �� �� �� �� �� �

� �� �� �� �� �� �� �� �

� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �
� �� �� �� �	 		 		 		 	


 

 

 

 
� �� �� �� �
� �� �� �� �     � �� �� �� �� �� �� �� �

E(k)

k

quasiparticle
quasihole
holon
spinon
plasmon
magnon
phonon
polariton
exciton
anyon
g-on
...

emergent particles

(i) well defined dispersion relation � ��� �

(ii) long (infinite) life-time �

(iii) proper set of quantum numbers

(iv) statistics



Dispersions and kinks

Coupling/hybridization

�
� between different particles/modes
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�
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Df. kinks are abrupt slope changes in the dispersion relations

anticrossing, lifting degeneracy, ...

they provide information on different modes and their coupling



Examples of kinks in ARPES

different HTC systems, cond-mat/0604284, cond-mat/0607319
�� �� ��� � �� 	
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Sr > RuO ? , cond-mat/0508312

Kinks seen experimentally between 20-800 meV
Origin: phonos, spin fluctuations, often not known



More examples of kinks in ARPES

SrVO

�

, cond-mat/0504075

Kinks seen experimentally at 150 meV
Pure electronic origin?



Kinks in LDA+DMFT study of SrVO �

plain band model with local correlations, no other bosons, ... but kinks!

≥21.510.50-0.5-1-1.5≤-2

en
er

gy
 [e

V]

RΓXMΓ

-1

-0.5

 0

 0.5

 1

 1.5

log A(k,ω) [1/eV]

0.60.40.2

-0.8

-0.6

-0.4

-0.2

 0

 0.2

 0.4

 0.6

 0.8

-5 -4 -3 -2 -1 0 1 2 3 4 5 6 7
Energy, eV

-6

-5

-4

-3

-2

-1

0

1

2

Σ
(ω

), 
eV

Real part
Imaginary part

-0.5 0 0.5

Energy, eV

-0.5

0

0.5

R
eΣ

(ω
), 

eVSrVO
3

LDA+DMFT(QMC) self-energy

V3d(t
2g

) orbitals

� � ��� ��� 	
 � �� � � � � 
 � � � �� ��� � �� �� � � � � ��� �

I.A. Nekrasov et al., cond-mat/0508313, PRB (2006)

Not found in SIAM with simple hybridization function! � DMFT self-consistency effect



Weakly correlated system
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Kinks due to strong correlations
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Mathematical explanation of kinks within DMFT
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DMFT self-consistency condition



Microscopic predictions - summary
� Strong correlations (three peak spectral function) a sufficient condition for

electronic kinks

� Energy scale for electronic kinks � 	 � � �� � determined by Fermi-liquid
renormalization and bare (LDA) density of states

� � 	 sets the energy scale for Fermi-liquid regime where � � � � �� � � for

� � � � � � 	

� Beyond Fermi-liquid regime the dispersion is still renormalized and useful

� � � � �� � � � � for � � � �
 � 	 where the offset � and � � � determined by � ��

and �

� Electronic kinks are within cluster extension of DMFT (DCA)
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� Electronic kinks are generic feature of strongly correlated systems


