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The race for absolute zero temperature
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On the way towards the target T=0

« \What happens to electrical resistance?

8 April 1911
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Inching our way to room temperature
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Attraction mechanism in the metallic state
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Superconductivity everywhere
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Superconductivity everywhere
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Inching our way to room temperature
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High-temperature superconductors
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High-Temperature Superconductor belongs to a family of

tronic properties

materials that exhibit exotic electr: s
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What Is special

« TM (not Cu, Au,Fe) e Cu

 Cubic e Layered

e Stay away from e Stay close to
-0 -0
— Magnets — Magnets
— Insulators — Insulators
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Superconductivity

In the presence of repulsion
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Phase diagram

0.20 0.10 0.10 0.20
Hole doping / Sr content (x) Electron doping / Ce content (x)
< VE % ~ % Band filling

Armitage, Fournier, Greene, RMP (2009)
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Experimental phase diagram BEDT-X
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Heavy fermions CeMnl,
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Figure 1. The structure of the CeMIng; materials. The Ce (Wykyoff position 1a) atoms are
yellow, the In(1) (1c) atoms are orange, the In(2) (4i) are green, and the M atoms are blue (1Db).
Details of the structural parameters can be found in [ ]. Hyperfine interactions in the heavy

fermion CeMIng systems N J Curro
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115 (in 2000)

413 T CeRhin, -
H=0

http://inac.cea.fr/en/Phocea/Vie_des_labos/Ast/ast_visu.php?id_ast=525

%]

UNIVERSITE DE
%, B SHERBROOKE




Pnictides (2008)

BaFeAs, SmFeAsO
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http://www.stanford.edu/~tpd/research_hightc.html
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Pnictides
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http://physics.aps.org/articles/v3/41
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Antiferromagnetism means repulsion
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Hubbard model

1931-1980

Weak coupling Strong coupling
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Antiferromagnetism and repulsion

Effective model, Heisenberg: J = 42 /U 1
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Superconductivity with repulsion
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Weak to intermediate coupling

0.20 0.10 0.10 0.20
Hole doping / Sr content (x) Electron doping / Ce content (x)
< %) % > % Band filling ]

Armitage, Fournier, Greene, RMP (2009)

FLEX, Bickers, Scalapino
Two-particle self-consistent approach, Vilk, Kyung,A.-M.S.T.
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Weak to intermediate coupling
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Strong correlations
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Phase diagram

Insulator even iIf n=1

La, Sr.CuO, !,' T \ Re, Ce CuO,

0.20 0.10 0.10 0.20
Hole doping / Sr content (x) Electron doping / Ce content (x)
< y2 % > % Band filling

Armitage, Fournier, Greene, RMP (2009) @ B SHERBROOKE



Experimental phase diagram BEDT-X
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A quantum traffic jam (A.P.): Mott insulator




Spectral weight transfer
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Cuprates as doped Mott insulators
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Experiment: X-Ray absorption
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Number of low energy states above o = 0 scales as 2x +
Not as 1+x as in Fermi liquid

Meinders et al. PRB 48, 3916 (1993)
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Theoretical method
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Mott transition and Dynamical Mean-Field Theory.

['he beginn

e Compute scattering
rate (self-energy) of
Impurity problem.

o Use that self-energy
(o dependent) for
lattice.

e Project lattice on

single-site an_d adjus_t W. Metzner and D. Vollhardt, PRL (1989)
bath so that single-site A Georges and G. Kotliar, PRB (1992)
DOS obtained both M. Jarrell PRB (1992)

ways be equal. DMFT, (d = 3)

Bath
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2d Hubbard: Quantum cluster method

C-DMFT
Effective Medium _ _ .
€ iy
*~

PCA ee

DMFT -@-@-@.

Hettler ...Jarrell...Krishnamurty PRB 58 (1998) @

Kotliar et al. PRL 87 (2001)
M. Potthoff et al. PRL 91, 206402 (2003).
Maier, Jarrell et al., Rev. Mod. Phys. 77, 1027 (2005)
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Solving cluster in a bath problem

« Continuous-time Quantum Monte Carlo
calculations to sum all diagrams generated
from expansion in powers of hybridization.

— P. Werner, A. Comanac, L. de’ Medici, M. Troyer, and A. J.
Millis, Phys. Rev. Lett. 97, 076405 (2006).

— K. Haule, Phys. Rev. B 75, 155113 (2007).
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The « normal » state
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Normal state phase diagram
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Mott felt away fromn =1

) l
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G. Sordi, K. Haule, A.-M.S. T PRL, 104, 226402 (2010) U

and arXiv:1102.0463 _
» first order transition at finite doping between two metals

» it is associated to Mott physics: all signatures of the first
order transition can be traced back to Mott critical point

= signature of the Mott transition in the 2D Hubbard model
extends way beyond half filling!
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criticality originates from
first order transition at finite doping
coming from influence of Mott physics well beyond half filling!

G. Sordi, K. Haule, A.-M.S. T PRL, 104, 226402 (2010)
and arXiv:1102.0463
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Strongly Correlated Superconductivity

Phase diagram

Exact diagonalization as impurity
solver (T=0).
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CDMFT global phase diagram

04 | ,"" " l 020  0.10 0.10 020
" "‘L Hole doping / Sr content (x) Electron doping / Ce content (x)
orette | L 1oxd ] . - ‘
oz | / | S 1 Armitage, Fournier, Greene, RMP (2009)

Kancharla, Kyung, Civelli,
Sénéchal, Kotliar AMST
Phys. Rev. B (2008)



Consistent with following experiment

H. Mukuda, Y. Yamaguchi, S. Shimizu, ... A. Iyo JPSJ 77, 124706 (2008)
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Experimental phase diagram BEDT-X
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Perspective

v/t Kyung, A-M.S.T. PRL 97, 046402 (2006)
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The glue
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Im X and electron-phonon in Pb

Maier, Poilblanc, Scalapino, PRL (2008)
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The glue

Kyung, Sénéchal, Tremblay, Phys. Rev. B

80, 205109 (2009)
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The glue and neutrons

Lag.xSrxCuO4
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FIG. 3 (color online). Q-integrated dynamic structure factor
S(ew) which is derived from the wide-H integrated profiles for
LBCO 1/8 (squares), LSCO x = 0.25 (diamonds: filled for E; =
140 meV, open for E; = 80 meV). and x = 0.30 (filled circles)
plotted over S(w) for LBCO 1/8 (open circles) from [2]. The =)
solid lines following data of LSCO x = 0.25 and 0.30 are guides :-:;

to the eyes.
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o \Work with what we have
— Quantum computer (SC vs laser)

* Improve theoretical methods

e Guide the search for new materials
- AFM
- U
— There does not seem to be a fundamental law
prohibiting room temperature superconductivity

* Design heterostructures
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