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•Nodal QP and metallic state in AF
phases

•Two-component transport/optics

•Spin/charge ordering and  electronic
anisotropy

•Constant m*opt across the phase 
diagram

•Two-component response and 
pseudogap state

•Inhomogeneous superfluid response
from Josephson plasmon microscopy 
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interferometer

IR  spectroscopy of high-Tc  superconductors

Sub-THz Far-IR mid-IR - visible UV

superconducting energy gap 

carrier lifetimes in correlated systems

collective modes in correlated systems
phonons

electronic transitions

pseudogaps  in  cuprates
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IR  spectroscopy  @  UCSD
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“Infrared” spectroscopy @ UCSD
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Extreme conditions:
magnetic field < 17 T
T down to 320 mK
electric field
high pressure
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Charge dynamics in weakly doped CuO2 planes: generic trends  
La2-xSrxCuO4 YBa2Cu3Oy                      

Two-component conductivity
Y.S. Lee et al.  PRB 69 (2004)        
M.Dumm et al. PRL 91, 077004 (2003)

PRL 88, 147003 (2002)
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2-component σ(ωσ(ωσ(ωσ(ω)))) : implications for transport  

W.J.Padilla (submitted)

La1.97Sr0.03CuO4

Two-component transport

2-component σ(ωσ(ωσ(ωσ(ω))))
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W.J.Padilla (submitted)
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Universal transport and spectroscopic properties of cuprates

Inhomogeneous electron liquid

1. n ~x
Hall, optics 1987-90

2. Constant m*
Padilla et al. 2004

3. Constant mobility
Ando et al. 2001

4. Constant nodal velocity
Zhou et al 
Johnson et al
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Revisiting the pseudogap state and strong coupling effects
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Revisiting the pseudogap state and strong coupling effects

YBa2Cu3O6.6
Tc= 59 K
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1. Gap in the electronic DOS?

2. Strong coupling?
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Charge ordering and anisotropy: YBa2Cu3Oy                      
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Charge ordering and anisotropy: YBa2Cu3Oy                      
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S.Dordevic et al. PRL 91, 167401 (2003)
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Josephson plasmon
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Josephson plasmon
La1.9Sr0.1CuO4

T
c
= 30 K

10 20 30 40 50cm-10.0

0.5

1.0
R

ef
le

ct
an

ce

300 600

1000 GHz

E II c
32 K

500

29 K

26 K
23 K

20 K 17 K
7 K

10 20 30 40 50 cm-1-120

-80

-40

0

40
ε1(ω)

7 K

32 K

La1.9Sr0.1CuO4
T

c
= 30 K

ω

σ1(ω) T=Tc

T<<Tc

( )
2

2

1 ω
ω

εωε s
phonon −=



( )ωρ

ω~

ε
1

Im

Josephson plasmon and loss function

Bulaevskii, Ong (96)
Koshelev, Buleavskii (99)
van der Marel (1996)

La1.9Sr0.1CuO4
Tc=30 K

La214inA500-120=Jλ

0 10 20 30 40 cm-10.0

0.1

0.2

0.3
7 K



Inhomogeneous superconductivity in  La2-xSrxCuO4
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“Bad sample”?

distribution of ρρρρs?

normal metal,
superconductor?

insulator,
superconductor?

stripes?
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Spin and charge order  in La1.875Sr0.125CuO4
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4. Electronic phase separation
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1. Metalicity of  AF phases  and 
two-component  transport/optics
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3. P-gap and 2-component response




