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Introduction

• Sr2CuO3 is hallmark material to study 1D 
physics.

• Collective excitation appears in low energy 
spectrum.

• Calculate excitation from first principles 
using local basis.

• Collective excitation is a 3D excitation 
(2 chain physics)



Experimental Motivation

Electron Energy Loss 
Spectroscopy (EELS)
• Scattering due to beam of 

fast electrons
• Probes longitudinal density 

excitations
• Measures Loss function
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Time-Dependent Density Functional 
Theory (TD-DFT)

• Ab-initio method of doing spectroscopy (0K) 
from Kohn-Sham band structure.

 

Entire Hilbert 
Space
(e-HS)

GGA+U band 
structure: 
U =4 eV J = 
1 eV



TD-DFT 2

TD-DFT Matrix equation: 

• Random Phase Approximation 
(RPA) ().
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Downfolded Response
TD-DFT equation for downfolded 
response (d-HS):
 



Downfolded Hilbert Space
Wannier functions: 



Downfolded Hilbert Space



  
•  

General configuration Type I

General configuration Type II
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General configuration Type I

General configuration Type II

      

    

      

      



Nearest Plaquette Charge 
Fluctuations (NP-CF)
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Understanding  

•  

 

 

2-particle 
propagator 

Effective 
interaction



Effective interactions

  

       
  

       

   

       

  

       

Particle-hole pair 1

Particle-hole pair 2

= 0.96 

= -0.73 

= -0.36 



Results for  



Conclusions 

• We understood collective excitation using 
real space physics using TD-DFT.

• Collective excitation is localized but is 
localized to 2 chains.
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