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Conventional and unconventional superconductors
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Electronic Raman scattering

strongly coupled conventional SCstrongly coupled conventional SC

cupratescuprates

Ba(Fe1-xCox)2As2
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Raman Experiment
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Electronic Raman scattering – a primer

optical conductivity Raman scattering
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Conductivity vs. Raman (normal state)

1.0
 

     ReIm
0.8

(a
.u

.)

2
2

0 )(1
1



pl

     ReIm

Shastry and Shraiman

0.4

0.6

 

es
po

ns
e 

 conductivity
 Raman

Shastry and Shraiman
PRL 65, 1068 (1990)

)(M
0.2

R
e

 
)(

)(








 M

M


i

0 500 1000 1500 2000
0.0

Energy   (cm-1)
Opel Tüttö et al

)(
)()(





 iM

February 11, 2010; 7

Opel,…, Tüttö et al.
PRB 61, 9752 (2000)



Conductivity vs. Raman (superconducting state)
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Sum rules
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Selection rules

V3Si

Mattheiss and Weber, 
PRB 25, 2248 (1982)
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Selection rules

V3Si
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Selection rules

M MM
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Electronic Raman scattering

strongly coupled conventional SCstrongly coupled conventional SC

cupratescuprates

Ba(Fe1-xCox)2As2
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Nb3Sn (superconducting state)

 

M
1.5

2.0

(s
 m

W
))  A1g

 Eg
 F2g

Nb3Sn

M
1.0  

(c
ou

nt
s/

 X
0.0

0.5

R
'

'(
) 

0 50 100 150 200 250 300

energy  (cm-1)

February 11, 2010; 14



Nb3Sn (superconducting state)
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sharp gap inspite of a multi sheeted FS



More selection rules for ERS

cuprates FeAs
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different parts of the Fermi surface different Fermi surface sheets
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Rev. Mod. Phys. 79, 175 (2007)



Electronic RS in the superconducting state
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Electronic Raman scattering

strongly coupled conventional SCstrongly coupled conventional SC

cupratescuprates

Ba(Fe1-xCox)2As2
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Doping dependence in Bi2212
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Venturini et al., PRL 89, 107003 (2002)



Doping dependence in Bi2212
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Ba122:Co – Bi2212
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Opel et al. PRB 61, 9752 (2000)



Electronic Raman scattering

strongly coupled conventional SCstrongly coupled conventional SC

cupratescuprates

Ba(Fe1-xCox)2As2
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BaFe2As2

Kamihara et al.

Chu et al. PRB 79, 014506 (2009)
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Ba122 normal state
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Raman resistivities

1200

 
m

-1
)

x=0.045

 

x=0.055

 

x=0.061

 

x=0.085

Ba(Fe1-xCox)2As2

800

1000

n 
R

at
e 

(c

electron bands

600

800

 

el
ax

at
io

n

   hole bands

electron bands

200

400
 A1g

 B1g

S
ta

tic
 R

e

0 200
0

S

0 200
Temperature (K)

0 200
 

0 200
 

February 11, 2010; 26



Ba122:Co – Bi2212
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Ba122:Co - superconductivity
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Ba122:Co - superconductivity
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Summary

• Electronic Raman scattering projects different parts of the BZ

• Nearly isotropic gap in multi-band A15

• Strong k anisotropy of the carrier properties
in single-band CuO2 and multi-band FeAs

• Unconventional gap in CuO2

• Conventional but strongly k-dependent gap
in Ba(Fe0.931Co0.069)2As2
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The Janus face of electrons in HTSC
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