
Discussion on FT-IETS and 
Bosonic Function in High-Tc 
Superconductors
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Motivation:

• Spectroscopy technique
• Properties of electron-boson interaction at nanoscale in 

real-space: local/delocalized ?
• For anisotropic electron-boson interaction, measure 

directly momentum transfer       and energy  
• Ideally find the anisotropic electron-boson spectral 

density 
Collaborators:
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Old results



First STM observation of local 
inelastic scattering mode





Second order analysis
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For a d-wave or a pseudo-gapped state feature will be much smaller
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Inelastic scattering induced 
satellites: Holstein effects
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Inelastic satellites to Kondo 
peak in molecular devices

Abrahams and AVB, preprintD. Natelson et al, cond-mat 0408052



PRB, sept 2003



Selfconsistent solution for a 
local vibrational mode

Black line - DOS

Red line- DOS derivative

Holstein features
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compared to d-wave DOS

effect is few percent

PRB 68 214506 (2003).



Previous Tunneling work
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But no real-space or q-space information!



Model and formalism



Model and formalism 
(cont’d)



Model and formalism 
(cont’d)



Numerical results and 
discussions



Spectral function at M point



Band density of states

Translationally invariant image



Local density of states



LDOS imaging at E=-E1
(Contrast)

Scattering from the local 
center produces the modulation

at Q

Novel collective mode spectroscopy ( neutron or lattice)



Energy evolution of FT spectrum in the presence of B1g 
and half-stretching breathing collective modes --- 1



Energy evolution of FT spectrum in the presence of  B1g and
half-stretching breathing collective modes --- 2

No filter!
h



Energy evolution of FT spectrum in the presence of a local 
phonon mode

Γ point is at the corner

No filter!



Energy evolution of FT spectrum in the present of B1g 
and half-stretched breathing collective modes --- 1



Energy evolution of FT spectrum in the presence of B1g 
and half-stretched breathing collective modes --- 2



Energy evolution of FT spectrum in the presence of a local 
phonon mode



Tau 1 FT IETS signals
strong coupling self consistent calc



Experimental Algorithm
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Measure a set of second-derivative images:

Fourier transform: second-derivative images:

Identify energies:

and q –vectors: 

of peaks in    d2I/dV2             caused by

Inelastic electron-boson interactions
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Electron phonon cpupling example
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