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

A.V. Balatsky

e 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
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Old results

VoLuME 17, NuMBER 22 PHYSICAL REVIEW LETTERS 28 MovEMBER 1966

MOLECULAR VIBRATION SPECTRA BY ELECTRON TUNNELING

R. C. Jaklevic and J. Lambe
Scientific Laboratory, Ford Motor Company, Dearborn, Michigan
{Received 18 October 1966)

The conductance of metal-metal oxide—metal tunneling junctions has been observed to
increase at certain characteristic bias voltages. These voltages are identified with vibra-
tional frequencies of molecules contained in the barrier.
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First STM observation of local
Inelastic scattering mode

Single-Molecule Vibrational Spectroscopy

A

and Microscopy
B. C. Stipe, M. A. Rezaei,
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Inelastic STM
# STM measures local DOS
» H=H.+H,+ H;

s H, =% _vibrational
mode

#» H;=gcl(r=0)cs(r =0)z
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For normal metal: |4V {w) ~ g°Nglw — Q)8 {w — Oy)

§N(w) = 1Im [Gr,w) S(w) G (r, w)]
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Second order analysis

For a d-wave or a pseudo-gapped state feature will be much smaller

N(r, ) ~ 9% (@—0,) B0 — Q)
where 7 Is the DOS power

N(EX y <1
y=1
borderline case

y>1

o Similar to x-ray absortion singularity



Inelastic scattering induced
satellites: Holstein effects
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Inelastic satellites to Kondo
peak In molecular devices

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



Inelastic Tunneling Spectroscopy in a D-wave Superconductor.

AV, Balatsky, Ar. Abanov, and Jian-Xin Zhn
PRB, sept 2003

H = ol elklens + Y (Alk)eg ety +he)
k k

| Z JS - r'LaJnaat'kaﬁa Fagups - B,
ke kot

ol ) ETE z Glk.wp — 12, :|'|l+ (L1, )
k.02,

AN(r =0.w) T2 QW — Wy
~ - = —(JSNg)*
No g WIS TR

2

a.. F =

AN ],_.:_." ; i . ; W — £
A "‘_,H.D D) 9r?(JSN) 2K (T w, i) In? (' J;*')

1A
< In (l oo .l|) | |:v:,'|:| — —.,:.'|:|:|. L) T |_"'n| : |:|'_:|

KiT.w.wn)




Selfconsistent solution for a
local vibrational mode
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Black line - DOS

Red line- DOS derivative
For N, ~ 1/eV,JN0 =0.14
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> Holstein features

For relative change
compared to d-wave DOS
effect Is few percent

Inelastic Tunneling Spectroscopy in a D-wave Superconductor.

AV, Balatzky, Ar. Abanov, and Jian-Xin Zhu
PRB 68 214506 (2003).



M.

Intensity (arb. units)

Morman et al, PRL., 79, 3506 (1297)

Previous Tunneling work

Correlation of Tunneling Spectra in BiaSr2CaCus0g4 5 with the Resonance Spin Excitation

J.F. Zasadzinski,'* L. Ozyuzer.” N. Miyakawa.* K.E. Gray? D.G. Hinks,> and C. Kendziora’
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Model and formalism

H="Hpcs + Hep + Himp

%BCS — Ek,a(sk — /J’)C;r{gckg -+ Zk(AkC]L_kJ,CLT +
inCch—ki)

Hep = 922 5; - S;

sz'mp =Up .o C-C‘-)O'COO-



Model and formalism
(cont’d)

Bare GF: G’al(k;z’wn):(iw”_fk Ak
Ay iwnF & )

Self energy: 5 (k; iwy) = g—NE Yo, x(d; i) ( 3Go11 Go,12 (k—
Gopo1 3Go2o

q; i(wn — ) .

Dressed GF: G5t (k; iwn) = (iw”_gk_zll Ak—r2
Ap—2%o1  wn+ kv,



Model and formalism
(cont’d)

Site-dependent GF (TMA) w/ imp:
T~ =Ugt o3 — G, oliwn) = Go(4,4; iwn)
LDOS: p;(E) = —2ImG11(i, i; E + i) .

Band DOS (Ug = 0): p(E) =Y Ar(F). A(F) =
—%Imgo’ll(k; E +iv).



Numerical results and
discussions

Parameter values: t = 1.0, t/! = —0.2 [g =
—2t(CoS ky + COSky) — 4t' COS ky COS ky]

Ag=0.1[Ay = %(cos kz — COSky)]

Ansatz for mode:

N
. _ q,Q 1 1
x(q;182)) = ——— [in—QO in-I-Qo]

Q= (m,m) and 29 = 0.15.




Spectral function at M point
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Band density of states
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Local density of states

Uy = 100Ay g = 3Aq
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LDOS imaging at E=-E,
(Contrast)

Scattering from the local
center produces the modulation , ()

at Q

1-0.5
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Novel collective mode spectroscopy ( neutron or lattice



Energy evolution of FT spectrum in the presence of Blg
and half-stretching breathing collective modes --- 1
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Energy evolution of FT spectrum in the presence of Blg and
half-stretching breathiH collective modes --- 2

No filter!
=90 meV =93 meV -96 meV
@
AT T4 A, A
e -102 meV -105 meV —1 08 meV

—111meV 114meV —11?meV




Energy evolution of FT spectrum in the presence of a local
phonon mode No filter!

FT spectrum evolution with energy ({local phonon mode)
-24 meV -57 meV




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

o

Filter: U(q) = S R
D 14rc(sine %—l—smé %)
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Note: k}{,ky are in units of =/a. T point is located at the center



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

Filter: U(q) =

=90 meV

-102 meV —-105 meV —108 meV

117 meV -120 meV

Note k , ky are in units of nfa. T point is at the center



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

Filter: U(q) = ——
g 147rc(Sin“ 5 4sin< 5)

FT spectrum evolution with energy (local phonon mode, U is used)

54 meV -57 meV -60 meV -63 meV
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Note: KX, ky are in units of n/a, T point is at the center



Tau 1 FT IETS signals
strong coupling self consistent calc
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Experimental Algorithm

I Cdél
Measure a set of second-derivative images: (F,eV)

dv?

2
Fourier transform: second-derivative images: d I
Y (9,eV)

dv ?

|dentify energies: Q=eV-A

and q —vectors:

of peaks in d21/dV2 caused by q (Q)

Inelastic electron-boson interactions



Electron phonon cpupling example
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