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V. L. Ginzburg, Energiya No. 9, 2. (1984):

It is hard to achieve anything by making admonitions.
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Small polarons:
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SrTi,  Nb,O,

DvdM, I. I. Mazin, J.L.M. van Mechelen, PRB 84, 205111 (2011)
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SrTi, ,Nb,O,

X=2%
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PHYSICAL REVIEW B

VOLUME 19, NUMBER 2

15 JANUARY 1979

Measurements of the Fermi surface of SrTiO;:Nb

B. Gregory,* J. Arthur," and G. Seidel
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FREQUENCY [x10%6]

B Gregory et al., PRB 19 (1979)

DvdM et al, PRB 84, 205111 (2011)
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Optical conductivity
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Inelastic scattering
SrTi, ,Nb, O,
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Charge transport
In n-type STO:

Mobile charge carriers
3 intersecting bands
Each band: m_=m, ~m_/ 20

T2 type inelastic scattering




Are the charge carriers Fermions?

What kind of ?
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Elecron doped Sri-xLaxTiO,

Mass renormalization obtained from ARPES:

Momentum, k (A-1)
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W. Meevasana et al, New Journal of Physics 12 (2010) 023004
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Electrons coupled to phonons

- Coherent free charge spectral weight: ]
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Coherent free carrier spectral weight
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Coherent free carrier spectral weight

¢ From optical data
= Ab initio (LDA)

¢

0 0.005 0.010 0.015 0.020
Free carriers per unit cell

J.L.M. van Mechelen et al , PRL 700, 226403 (2008) < (



Specific Heat
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Ab initio (LDA)
3|
50l o = J 0
(@] 2L gl O
E “l -’
2 M S © o :
N
T oal )
1 - a
O
0.....1....1....1....'
0 5 10 15 20 ool
T (KY) 0000 0005 0010 0015 0020 0025  0.030
carriers per unit cell
Ginzburg Conference < (
oN PhysSiCS Lot 252429 322



Electron doped SrTiO,

5 ~ A ARPES
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The charge carriers are Fermions

Mass renormalization: m*/m;;,~2.5

Ginzburg Conference m
on PhySICS LM, 38.:2une 312912




Frohlich model:
Electron-phonon coupling constant
from the optical phonons of SrTiO,
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Self-trapping by e-phonon coupling

m Feynman (path-integral)
— weak-coupling: 1+0/6+0.0250

— strong-coupling: 202(cv/10)"
— weak-coupling: 1/(1-c/6)

SrTiO,
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Ab initio many-polaron theory of o(w)
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£ < W, : Anti-adiabatic limit

Fermi liquid of polarons

Phonon-mediated p-p interactions

inzburg Conference
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Landau-Fermi liquid of polarons

Singlet pairing: A, = %(—Ag +3A5 + A —3A] )

7 49 5 21 7 3 5
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Brinkman-Platzman-Rice sumrule (PRL, 1968): A + A, + A/ =-1

Physical constraints

Enhanced effectivemass: A4; >0
Positive compressibility: 4, <1
Singlet pairing : A > A



Superconductivity

C.S. Koonce et al.,

Phys. Rev. 163, 380
(1967) N. Reyren et al.,

Science 317, 1196
(2007)
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we have to
point out, however,

High-lemperature that the above

estimate is based

Superconductivity on a standard metal

and can not be

applied to all
" hypothetical
0. A. Kirzhnits situations
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Anti-adiabatic limit (¢, < w,)

Superconductivity :
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In collaboration with
N. Klimin, J. Tempere, J. T. Devreese
Universiteit Antwerpen, Belgium

Baber scattering (Proc. R. Soc. A 158, 383 (1937)) mediated by phonons
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Quantitative agreement with experimental T? dependence

Data Theory
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x=0.02
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Conclusions
Sr, Nb, TiO;. Fermi liquid of polarons

Common Fermi-liquid origin of T?- resistivity and
superconductivity

Phonon-mediated polaron-polaron interaction

Baber scattering
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The “physical minimum” that a physicist should know about. Vitaly Ginzburg's
list of 30 subjects for the beginning of the 21st century:

1. Controlled nuclear fusion.

2. High-temperature and room-temperature superconductivity.
3. Metallic hydrogen. Other exotic substances.




What about High Tc

Strongly correlated electrons

In collaboration with S. |. Mirzael, D. Stricker, J. Hancock, C.
Berthod, A. Georges, Department of Condensed Matter
Physics, University of Geneva, Switzerland

M. Chan, X. Zhao, M. Greven,
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Hole doping phase diagram

Mott-insulator
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Cuprates versus SrTiO
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Generalized Drude response
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Conclusions

Interaction in n-type STO: mediated by phonons

This interaction gives a strong T2 contribution to p(T)

Phonon part of the story is not so different for cuprates, but
the physics of the cuprates is dominated by strong
correlations

Underdoped cuprates: 1/7(w,T)=w?+(pT)?

SSSSSSSSSSSSSSSSSSS
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viagnons in the cuprates
M. Guarise et al. PRL 105, 157006 (010)
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Le Tacon et al, Nature Physics 7, 725—730 (2011)
TICLES NATURE PHYSICS po1:10.1038/NPHYS2041
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Figure 3 | Dispersion, linewidth and intensity of the magnetic excitations. a, Experimental magnon dispersion along the 100 direction in antiferromagnetic
Ndq2Ba;gCusOg at T=15K, fitted using the spin-wave dispersion of a bilayer from ref. 16 (thick red line). The dashed lines are the acoustic (black) and
optical (red) spin-wave dispersions calculated using the fitting parameters. The grey area represents our energy-momentum resolution. Inset: relative
intensities of the acoustic and optical magnons for our scattering geometry. b, Experimental magnon dispersion along the 100 direction in
antiferromagnetic Nd; 2Baq gCu3zOg, underdoped Ndj 2Ba1.gCuz07, YBayCuzOg 6, YBayCusOg and YBa,CuzO7 at T=15K. Low-frequency INS data
mmmsdad aloe s s AN diecsbion £ A Eop YBA, Cu3Og ¢ have been added3?. Lines are guides to the eye. €, HWHM of magnetic excitations in

G i n z b u rg C o n fe re n ce and YBa,Cu3Oy7. d, Integrated inelastic intensities. The error bars reflect the accuracy of the fitting procedure
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Residual scattering
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Landau parameters

Physical constraints

Coupling constant

Enhanced effectivemass: A4, >0

Positive compressibility: 4, <1

Singlet pairing : A, > A

Landau parameter
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