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Reflectivity and Optical Conductivity

10-3 10-2 10-1 100 101

101 102 103 104

0

20

40

60

80

100

Photon energy [eV]

R
ef

le
ct

iv
ity

 [%
]

Metal
Insulator

[cm-1]

10-3 10-2 10-1 100 101

101 102 103 104

0

5

10

15

Photon energy [eV]

σ 1 [x
10 3  S
 / 

cm
]

Metal
Insulator

[cm-1]

Experimental Facilities

http://www.solidphys.ethz.ch/spectro/

10-5000 cm-1

0-8 T
1.3-300 K

2x103-5x104 cm-1

0-12 T
1.3-300 K



Optics of Strongly Correlated Systems

Dr. Leonardo Degiorgi, ETH - Zurich (KITP Correlated Electrons Program 9/03/02) 3

Kondo Effect

Ott, Int. J. Mod. Phys. B6, 473 (1992)

Normal Metal versus Heavy Electron

N
o
r
m
al

H
e
a
vy



Optics of Strongly Correlated Systems

Dr. Leonardo Degiorgi, ETH - Zurich (KITP Correlated Electrons Program 9/03/02) 4

Awasthi et al., Phys. Rev. B48, 10692 (1993)

The Complete Electrodynamic Response 
of CeAl3
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Awasthi et al., Phys. Rev. B39, 2377 (1989)

Optical Conductivity of UPt3 and CePd3
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Millis et al., Phys. Rev. B35, 3394 (1987)

Opt i cal Conducti vi t y fo r th e Anderson Lat ti ce
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Degiorgi et al., Z. Phys. B102, 376 (1997)

Landau’ s Fer mi Li qui d Theor y:
t he Quasi parti cl e Concept

◆ One-to-one correspondence between 
the excitation of a free electron gas 
and those of interacting conduction 
electrons in metals.

◆ In the limit T∅0:
�

1/τ = a(� ω)2 + b(πkBT)2�
C(T)/T~constant

�
ρ(T)~ρ0 + aT2�
χ(T)~constant
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Maple et al., J. Low Temp. Phys. 99, 223 (1985)

Non-Fermi Liquid Behavior in Kondo Alloys

◆ Materials:
�

UCu5-xPdx(x=1 and 1.5)�
CeCu5.9Au0.1�
U1-xThxPd2Al3(x>0.6)�
UxY1-xPd3(0<x<0.2)

◆ Non-Fermi-Liquid properties:
�

C(T)/T~(1/TK)ln(T/bTK)�
ρ(T)~1-a(T/TK)�
χ(T)~1-c(T/TK)1/2
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Crystal Structure of the Bechgaard Salts

TMTSF or TMTTF

AsF6, PF6 or ClO4

E//a

Phase Diagram of the Bechgaard Salts
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Vescoli et al., Eur. Phys. J. B13, 503 (2000)

DC-Transport in the Bechgaard Salts
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Optical Conductivity of Bechgaard Salts
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Theoreti cal I mpact of th e “I nf rar ed Puzzl e”
i n th e Met al l i c Organi c Compounds

◆ Char ge and di meriz ati on gap i n the Hubbard model a t quarte r fil li ng
�

K. Penc et al., Phys. Rev. B50, 11429 (1994)
�

S. Ni shi mot o et al., J. Phys. Soc. Jap. 69, 1594 (2000)

◆ Char ge excitati on i n doped Mott in sul at or i n one d i mensi on
�

M. Mori e t al., J. Phys. Soc. Jap. 65, 3604 (1996)
�

T. Gi amarchi, Physi ca B230-232, 975 (1997)
�

S. Bi er mann et al., cond- mat/ 0201542
�

M. Tsuchi i zu et al., J. Phys. Soc. Jap. 68, 1809 (1999)
�

A. Georg es e t al., cond- mat/ 0001063
�

E. Jeckel mann et al., cond- mat/ 9911281
�

D. Controzzi et al., Phys. Rev. Lett. 86, 680 (2001)
�

J. M. P. Car mel o et al., Phys. Rev. Lett. 84, 4673 (2000)

◆ ……. and more wi l l come …...
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Giamarchi, Physica B230-232, 975 (1997)

Dynamics and Transport for the Mott-Hubbard Model in 
One-Dimension
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1D Mott Insulator versus 
Doped Quasi-1D Mott Semiconductor
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Vescoli et al., Science 281, 1181 (1998)

Power Law Behaviourin the Optical Conductivity of 
T MTSF Salts
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Jerome, NATO-School Les Houches (1999)
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(TMTSF)2PF6 under Pressure: 
DC-Transport and Phase Diagram
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Kang et al., Phys. Rev. Lett. 70, 3091 (1993)

Phase Diagram of (TMTSF)2PF6
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Other One-Dimensional Quantum-Wires

Carbon NT

MoS2 NT

DNA

Bockrath et al., Nature 397, 598 (1999)

Luttinger Liquid Behavior  
in Carbon Nanotubes
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Single-Walled Carbon Nanotubes: Bucky-Paper

Ruzickaet al., Phys. Rev. B61, R2468 (2000)

Carbon Nanotubes: Pristine vs. Alkali Doping
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Ruzickaet al., Phys. Rev. B61, R2468 (2000)
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Ruzicka et al., Phys. Rev. B61, R2468 (2000)

Optical Conductivity of SWNT (Bucky-Paper)
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What Did We Learn?

◆ Characteristic energy scales
�

Plasma frequency and scattering rate
�

Correlation gaps and collective modes

◆ Intrinsic parameters about the strength of interactions
�

Electron-electron and/or electron-phonon interaction
�

Characteristic power-law behaviours

◆ Electronicinterbandtransitions and phonon modes spectrum
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