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LaTiO3 – SrTiO3 Interface  

LaTiO3 
d1 Mott insulator 

SrTiO3 
d0 band insulator 
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Effect #1: Band lineup 
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Effect #2: Polar Fields 
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Electrostatic energy diverges; interface must 
reconstruct.  
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Effect #2: Polar Fields 

Electronic reconstruction  



 

  

Effect #3: Spectral Weight Transfer 
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Density of states 
 (i.e., spectral function) 
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LaTiO3-SrTiO3: Okamoto & Millis 

• S. Okamoto, A. J. Millis, 
Nature, 428, 630 (2004) 

• S. Okamoto, A. J. Millis, 
Phys. Rev. B, 70, 
241104(R) (2004) 

• Etc. 
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Everything in DMFT is a Kondo resonance. 

Is there really a peak? 

SrO 
TiO2 
LaO 

•                                              (Hartree term + dynamical part within layer) 

•  Solve dynamical part with DMFT 
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Resonant soft x-ray scattering (RSXS) 

Core level 
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V d c a e h c= +∑ k r

What about RSXS?  …  Assumptions: 
• Only elastic processes 
• Core hole does not propagate (local scattering only) 
• Neglect excitonic effects 

( Thanks to Eugene Demler for the 
quantitative argument ) 
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LaMnO3 – SrMnO3 
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• MBE 

• Metallic (like LaTiO3-SrTiO3) 

• Ferromagnetic! 

• Double-exchange FM at 
interfaces. 

• Okamoto-Millis peak? 

LaMnO3 
t2g

3eg
1 

Mott insulator 
 

SrMnO3 
t2g

3eg
0 

“Band” insulator 



  

Extinction rules 

L=3 (weak) 

E = 8 keV 
kx = ky = 0 
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• 6% of sample defect 
phases (7/4, 8/5, etc.) 

 
• Directly sensitive to 

interface density of states 

L=2 
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RSXS results 

( )2 0,0, /L cπ=q

FE



  

Results 

S. Smadici, PRL, 99, 
196404 (2007) 

Okamoto-Millis 
Peak 

(?) 



  

Temperature dependence 

S. Smadici, PRL, 99, 196404 (2007) 

Feedback between Fermi resonance and interface mobility  



  

Possible theoretical “postdiction” 

GGA+U 
 

B. R. K. Nanda,  
S. Satpathy,  

PRB, 79, 054228 
(2009) 

DMFT + Poisson eq. 
C. Lin, A. J. Millis, PRB, 78, 184405 (2008) 

 

 

 



  

Conclusions 

• LaMnO3 and SrMnO3 are insulators, but their 
interface is metallic. (like LTO-STO) 

 
• Metallic behavior occurs through transfer of 

spectral weight from high energy 
 
• Ferromagnetic too - interface double-exchange. 
 
• Evidence for Okamoto-Millis-like peak.  

Theoretical “postdiction” looks promising. 
 



  

Magnetic scattering @ MnL3/2 edge 

• Magnetic scattering resembles 
mod squared of XMCD 

 
• Moment 50° from Mn-O 

bonds 
 
• Detailed line shape difficult to 

disentangle 
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