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bare band dispersion
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Electronic strucrure of HTSC is 
bare band dispersion + self-energy

2006 2002

Borisenko PRL 2003



Both εk and Σ(ω) can be derived from experiment
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1. During the last decade, the conception of the HTSC 
phenomenon evolved from complexity to simplicity, 
which is a simple result of continued development of 
experimental techniques.

2. Now, in the optimal for superconductivity doping range, the 
cuprates much resemble a normal metal with well 
predicted electronic band structure, but with rather 
strong electron-electron interaction.

3. This principal disentanglement of the complex physics from 
complex structure reduced the mystery of HTSC to a 
tangible problem of interaction responsible for quasi-
particle formation and superconducting pairing.



Homing in on HTSC



The isotope effect?

Maxwell and Reynolds et al. PR 1950
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The isotope effect?

Conventional SC

effect on Tc only

negligible on other 
electronic 
properties

HTSC

effect is 
unconventional

it is weak on Tc:
α ~ 0.05 at OpD

but up to 0.5 at UD  

It is comparably large
on other electronic 

properties, e.g. 
electron effective mass



“Fingerprints" of the phononic spectrum
in tunneling differential conductance

Rowell PRL 1963



Eliashberg equations

phonon DOSel-ph coupling constant

Scalapino PR 1966



In HTSC, the d-wave gap washes out any fine structure 
in the momentum integrated tunneling spectra

Ding PRB 1996

HTSC?



Modern momentum resolving techniques

ARPES STSINS
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Short introduction to ARPES

the most direct tool to explore the momentum-
energy space of the electrons in solids
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Fermi-surface map
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Kramers-Kronig transform Σ'(ω) = KK Σ''(ω)

Kordyuk PRB 2005
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ARPES provides

A(k,ω) f(ω) εk Σ(k,ω)+

Δ(k,ω) ?
+



Inelastic Neutron Scattering



"Neutron resonance"

He PRL 2001, Science 2002, Pailhes PRL 2004

YBCO

OD BSCCO



Dai Science 1999

Spin susceptibility

χ(ω)



Tranquada Nature 2004

Spin susceptibility structure

DOS Dispersion



Spin susceptibility structure

Hayden Nature 2004

χ(ω,Q)



Hinkov Nature 2004

Spin susceptibility structure
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Looking for "fingerprints" 

(Δ,Σ) = EE(Δ,Σ,ε,χ)

Σ ~ (G χ)k,ω

SC
N

if 2nd order perturbation theory works

χit ~ (G G)k,ω
"itinerant" 
magnetism
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Gexp χexp ~ Σexp

=

k, ω Q, Ω k, ω

ARPES ARPESINS



G0 χexp ~ Σi

=

k, ω Q, Ω k, ω

LDA or
ARPES
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we + Hinkov & Keimer + Dahm & Scalapino 2006



ARPES

χ ~ G G

INS

we + Eremin 2006

RPA

itinerant



χ ~ G G

Inosov 2006

Chatterjee 2006



"Fingerprints" of bosons should be identified in scattering 
(Σ) and pairing (Δ) spectra.

The converging of the techniques needs refinement and 
reevaluation of earlier results.

The problem of space inhomogeneity in cuprates seems to 
be crucial for HTSC understanding: STS

Some conclusions



Fine details of the self-energy: BSCCO, nodal direction

a)  xT – evolution of the bosonic channel

b)  parity of the bosons

c)  magnetic isotope effect

d)  impurity scattering mechanism

Universality of HTSC: YBCO, LSCO

New results



Evolution of the kink

Kordyuk PRL 2006

BSCCO
30 K

BSCCO
120 K

LSCO
40 K



Parameters of the kink
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Evolution of the self-energy

Kordyuk PRL 2006



Intensity of the bosonic channel
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Two channels

1 "Fermionic" 2 "Bosonic"

mainly xT-independent critically depends on (x,T)

featureless: Σ'' ~ ω2, Σ' ~ ω energy structure: 

(i) kinky, 
ωk mainly xT-independent 

(ii) step-like, 
does not confined at low ωsimple e-e interaction

(charge channel –
Auger-like decay)

FL phonons, gap → SF



Parity



T

δ
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(π, π)

Parity of the scattering by circularly
polarized light

Borisenko PRL 2006
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The boson which mediates the scattering is ODD with respect to 
the layers exchange within a bilayer!

•Scattering rate (bonding band) ~ density of states of the antibonding band

•Scattering rate (antibonding band) ~ density of states of the bonding band



Strong interband scattering in YBCO
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"Magnetic isotope effect"

Doping pristine BSCCO with
Zn and Ni impurities



Γ−(π, π) spectra, T < Tc

Pristine Ni 2% Zn 1%

Zabolotnyy PRL 2006
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What about the doping level?

Zn 1%Ni 2%

Bi2212 PbBi2212



What is known from the
neutron scattering ?

Y.Sidis et al. PRL2000

Y.Sidis et al. cond-mat/2000



Fine details

impurity scattering mechanism



Lorentzian to Gaussian

Evtushinsky cond-mat/0605100



Voigt fitting procedure

Evtushinsky cond-mat/0605100



1. Real impurity scattering

2. Careful energy dependence

3. Careful temperature dependence

Now for the self-energy:



Energy dependence

Evtushinsky cond-mat/0605100
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Temperature dependence

pseudo-gap

no "arcs" !
Evtushinsky cond-mat/0605100
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inhomogeneity

forward or unitary?



YBCO
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Chain states
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Electronic structure of YBCO



Electronic structure of YBCO



Underdoped and optimally doped

OP UD



D. H. Lu et al., Phys Rev. Lett 86, 4370 (2001)

K. Gofron et al., J. Phys. Chem. Solids 54, 
1193 (1993)

S Y Г X S

bonding

antibonding

Chain/SSChain

M. C. Schabel et al., Phys. Rev. B 57, 6090 (1998)

D. H. Lu et al., Phys Rev. Lett 86, 4370 (2001)

ChainSurf. State

“hump”

SC peak

Some of the previous work on YBCO



YBCO: Gap? Doping level? 

YBCO 6.85~N ~A



Electronic structure of YBCO
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Temperature dependence.
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Conclusions (material aspect)

• BSCCO compound is the most suitable for investigation by ARPES. We need 
careful INS data on phonons and spin-fluctuations.

• Preliminary ARPES results on YBCO show possibility to suppress the surface 
component and carefully measure the relevant to superconductivity 
quasiparticle spectrum from the bulk and compare it to INS results. 

• It seems unlikely to get relevant to superconductivity information from LSCO 
neither by ARPES nor by STS.



General conclusions

• Magnetic excitations strongly couples to the conduction electrons—and are, 
thus, the most probable candidate for mediation of the electron pairing in 
HTSC.

• The unification of the momentum resolving techniques are required: 
(1) to identify ultimately the "fingerprints" of the relevant bosonic

spectrum in both S(k, w) and D(k, w); 
(2) to determine the origin of the bosonic spectrum (the degree of 

itinerancy, in case of spin-fluctuations); 
(3) to understand the role of space inhomogeneity in pairing. 

• The current rate of improvement of all of the described techniques suggests 
that these problems will be solved very soon.
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