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Some examples of strongly
correlated electrons

Superconductivity
Magnetism

Low dimensionnality
Heavy fermions -~

Mott insulators
\
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Free electrons
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Temperature effects (E=1eV = 30 000K)

Band structure (tight binding calculations)
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Effect of electron electron repulsion

From T. Giamarchi
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Not so strong
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FIG. 2. Spectral intensity as a function of binding energy
for constant emission angle, normalized to the experimentally
determined Fermu cutoff. Data are symbols, while lines are
fits to the Lorentzian peaks with a lincar background. The
dependence on the (a) binding energy, (b) temperature, and
(c) hydrogen exposure is shown.
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Photoemission
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Photoemission In insulators
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Strongly correlated metal
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Sekiyama et al., PRL 2004
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Transport properties

e Specific heat Cp:
« Sommerfeld expansion:
c, = dU /4T
= /a7 ([(F(E) - J(B.T = OYm(BYE + [ (F(B,T = O)m(B)iE)
= 4/aT ([ (7(B) - J(B.T = 0))n(E)dE)
— n(Es) (| 4/4T(F(B) - $(B,T = 0))E)

= kiT n{ErnS
=k S5 =T
kpTe = PRz
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Heavy fermions

large Sommerfeld coefficient
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Band mass and effective mass
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strongly correlated systems
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De Haas Van Alphen effect

* In presence of magnetic field, it appears
oscillations periodic in 1/H related to the
extremum area of the Fermi surface.

 In addition, there Is a magnetic field
dependence of the amplitude related to
effective mass. (high mass, high field).
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Fermi surface and large m* observed
with dHVA
oscillations |
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Resistivity in T?

The prefactor A scales with y?

condcutivity=ne?t/m

0-00 (107 Qem)

Also magnetic susceptibility is Cte

T2 (10* K?)

e Signature d'un liquide de Fermi.
From R. Fresard

e a0, : 1solant de Mott.
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Thermoelectric power S
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Why oxides ?

 Metal U/t small, no correlations, screening
of interactions by excitations electron-hole

e Oxides

y

M Effective t can be small
o U/t large
d 2.2 d,2.,2
dzx Pr dzx z‘
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Oxides are interesting

Fujimori’s map of perovskite 3d TMOs (ABO;)
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Mott insulators V,0,
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Mott insulators V,0,
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Organic conductor from Limelette et al.
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Kondo effect

Resistance/Resistance({T=0 Celsius) x 10000

{from W.J. da Haas and G.J. van den Barg,
Physica vol. 3, page 440, 19386)

L ow temperature resistivity of
Au
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Kondo effect
Magnetic impurities

al| F.) 'y T
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DMFET

 Dynamical mean field theory

e To put together quasiparticules and
Hubbard states

e Limit: no Q dependence, cluster DMFT...
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k-integrated spectral
Function:
early DM EI results

(AG&G.Kotlian 1992,
AG&W.Krauth, )
M.Rozenberg etal.
1992-94)

" 3-peak structure’’
e
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p (MQ cm)

Cobaltates Ca,Co,0,
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CIT (mJ (mol K3)™)

Specific heat
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Cuprates

 They are high Tc

superconducting
materials

Two different scales
of energies
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AT/B (a.u.)

Overdoped cuprate: normal Fermi liquid

AR (MQ)

0.15} 0.14} o
| . Peaail
0.10L 013
56 58 60
0.05¢
T=28+0.1K
W 20 40 60
60 55 !
51 Ti2201 ' .
[ ﬂ‘ ” \ 1L
0k |r| }l il ’! f”h ""UIII ;
- H“i: “f] iﬂw h!lw iy Ml < |
5L \\/\_/_
Y124 0
[ ] | ] 7 2
1.7 13 19 2
100/B(T )

models in magnetism timisoara

0.5—
| | |
0.0+
N ||
-0.5 ‘
1.65 1.70 1:09
100/B (T
4 5
T (K)

32



From B. Vignolle

24, F

Théoréme de Luttinger : ks 2
(27) @y

— Densité de porteurs : n=1.3 porteur / atome de Cu (n=1+p avec p=0.3)

‘m=41+1m,>m.,.=1.2m,

» Chaleur spécifique électronique : v, = %m: - vy =6*1ml/mol K’
a3
Pour T12201 polycristallin surdopé: Yq =7+2mI/mol K’
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Fermi surface reconstruction: small pockets
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Short-range
attractive force
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Other Interpretation: stripes
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Cuprates
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Electronic phase separation

m | |I I_,.-f i:
/ ‘E L a 'I |! !: S f
~\ 4 30K @ | . FM-M / AFmMem |
3 o~ ' " \— AFM-I
- f p . —~
\j-m \. = I-I ._ , —
2 2 CoPrf | L |3
s 3 | P L
ok S NdI & | CO-AFM-| \ | ca
< \ -
101°-'\ -~
T w0 E . , . , . . . ; .
x ¢ ;j) 00 01 02 03 04 05 06 07 08 09 10
100 D X
2
Y "2 4 6 8 10

Jahn Teller effect = orbital ordering
Colossal magnetoresistance

models in magnetism timisoara 40



ENT
250 [

200

oo S

so |

0. il 0.2 0.3 .4 0.5 0.6 0.7 R 0.5 1.0

From C. Martin

NV OD

WS S =S

x (Pr,_Ca MnO )

Pry.xCa,MnOg
T=300K — x=0
e

Ri{w)

0s 1.0 1.5 20
Energie fi (eV)

From R. Sopracase

models in magnetism timisoara

Intensity (cm™)
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Conclusions

o Effects of correlations: Fermi surface,
effective mass, ...

— Specific heat, conductivity, magnetic
susceptibility, photoemission and dHVA
effects

* Mott transition, Kondo effects
— Phase separation, transfer of spectral weight

o Effects of low dimensions
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