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Phase diagram
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Outline
• SC Order Parameter

• The H-field effect

• PseudoGap
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Nd2-xCexCuO4

Y. Tokura et. al. Nature 337 345(89);
   PRL 62 1197 (1989).



Introduction



ARPES
Nd2CuO4

N.P. Armitage et al. 
PRL 88 257001 (2002).



ARPES Nd2-xCexCuO4
N.P. Armitage et al. 
PRL 88 257001 (2002).



Resistivity
J.L. Peng et al. 
PRB 55 6145 (1997).

H. Takagi et al. 
PRL 69 2975 (1992).

LSCO



Optical conductivity
C.C. Homes et al. 
PRB 56 5525 (1997).



Conductivity
Y. Onose et al. 
PRL 87 217001 (2001).



Violation of Wiedemann-Franz law
R.W. Hill et al. 
NATURE 414 711 (2001).
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Is NCCO a high-temperature SC?
B. Stadlober et. al.
PRL 74 4911 (1995).
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Scanning SQUID: d-wave for NCCO

C.C. Tsuei & J.R. Kirtley
PRL 85 182 (2000).



Zero-bias conduction peak
A. Biswas et al. 
PRL 88 207004 (2002). 

M. Covington et al. 
PRL 79 277 (1997). 



d- to s-wave transition: λ-2(T)
J.A. Skinta et al. 
PRL 88 207003 (2002); 
PRL 88 207005 (2002).

-2(T): T2 -> Exp(- /T)



The anisotropy of the SC gap



Fermi surface
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N.P. Armitage et. al.
PRL 86 1126 (2001).



A short Raman tutorial



Raman form-factor
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2∆ excitation in BSCCO (Tc=78 K)

(0,π)

(π,0)

(π,π)

Γ

(0,π)

(π,0)

(π,π)

Γ

0 20 40 60 80 100

R
am

an
 R

es
p

o
n

se
 F

u
n

ct
io

n
 (

a.
 u

.)

Raman shift (meV)

B2g

B1g

85 K

10 K

42 meV



Nonmonotonic d-wave OP
GB et. al.
PRL 88 107002 (2002).



2∆ excitation in NCCO (Tc=22 K)
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Low-frequency power laws: d-wave
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Gap Anisotropy by ARPES

N.P. Armitage et. al.
PRL 86 1126 (2001).

T. Sato et. al.
Science 291 1517 (2001).



Nonmonotonic d-wave OP
(0,π)
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“Hot spots”

R. Hlubina & T.M Rice 
PRB 51 9253 (1995); 

L.B. Ioffe & A.J. Millis
PRB 58 11631 (1998); 

J. Schmalian et.al.
PRL 80 3839 (1998).

D. Manske et.al.
PRB 62 13922 (2000). 
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Doping dependence
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The pseudogap



Pseudogap anisotropy
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Quasi-elastic scattering
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The scattering rate
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The end
• Small FS ->

nonmonotonic d-wave
•  ∆(H)
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Thank You!

Is NCCO a high-temperature SC?

Yes!


