
KITP 2010

The Janus face of electrons in superconductors
with high transition temperaturewith high transition temperature

Rudi Hackl
Walther-Meissner-Institut  D-85748 Garching  Walther Meissner Institut, D 85748 Garching, 

Bayerische Akademie der Wissenschaften

Objectives:j
 Electronic Raman scattering
 Conventional superconductors with strong coupling
 Cuprates Cuprates
 Ba(Fe1-xCox)2As2

Funded by the DFG via Research Unit FOR538 and Priority Program SPP1458

February 11, 2010; 1

http://for538.wmi.badw.de/

y y g



Collaborators

Experiments: Theory: Samples:Experiments:

•B. Muschler
•W  Prestel

Theory:

•T.P. Devereaux (Stanford)
C  Di C t  M  G illi

Samples:

•H. Berger, L. Forró (Lausanne)
A  E b  M  L b h (WMI) •W. Prestel

•H. Eiter 
•N.  Munnikes
•T  Buttler

•C. Di Castro, M. Grilli,
S. Caprara (Roma)
•I Tüttö
•A  Zawadowski (Budapest)

•A. Erb, M. Lambacher (WMI) 
•B. Revaz (Genève)
•Yoichi Ando (Osaka) 
Shi i O (T k )•T. Buttler

•F. Venturini
•L. Tassini
M  Opel

•A. Zawadowski (Budapest) •Shimpei Ono (Tokyo)
•A. Damascelli (Vancouver)
•M. Greven (Stanford)
H  Ei ki (T k b )•M. Opel •H. Eisaki (Tsukuba)

• I. R. Fisher, Jim Analytis, Jin-
Haw Chu (Stanford)

February 11, 2010; 2



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

V3Si

Mattheiss and Weber, 
PRB 25, 2248 (1982)
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Selection rules
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Selection rules
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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)
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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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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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Doping dependence in Bi2212
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Ba122:Co – Bi2212
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Electronic Raman scattering

strongly coupled conventional SCstrongly coupled conventional SC

cupratescuprates

Ba(Fe1-xCox)2As2
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BaFe2As2
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Ba122 normal state
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Raman resistivities
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Ba122:Co – Bi2212
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Ba122:Co - superconductivity
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Ba122:Co - superconductivity

10x
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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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