
FOM-meeting Physics@Veldhoven 2007

WhatWhat’’s pairing the electrons ins pairing the electrons in 
highhigh--TTcc superconductors ?superconductors ?

an opinion from k an opinion from k -- spacespace

Iman Santoso
FOM-A11



FOM-meeting Physics@Veldhoven 2007

AcknowledgementsAcknowledgements

Quantum Electron Matter GroupQuantum Electron Matter Group
Van Van derder WaalsWaals--ZeemanZeeman Institute, Institute, UvAUvA
SanneSanne de de JongJong, , FreekFreek MasseeMassee, , YingkaiYingkai HuangHuang, Anton Mans, , Anton Mans, 
Wing Wing KiuKiu SiuSiu, , WimWim KoopsKoops, Ton , Ton GortenmulderGortenmulder, Mark Golden, Mark Golden

Support at SLS (Swiss Light Source)Support at SLS (Swiss Light Source)
Ming Shi, Luc Patthey

Funding from:Funding from:
FOM (ILP, SICM), EU

Support at BESSYSupport at BESSY
Rolf Follath, Patrick Bressler

Sergey Borisenko 
(loan of spectrometer)

2



FOM-meeting Physics@Veldhoven 2007

OutlineOutline

high- TC Superconductivity (cuprates)

ARPES 

BSCCO, band structure, strategy 

Data:

normal state 

Conclusions and outlook 

Introduction:

superconducting state 



FOM-meeting Physics@Veldhoven 2007

IntroductionIntroduction highhigh--TTCC superconductivitysuperconductivity

Pic: XJ Zhou

what is the pairing glue ?

E
k
temperature
doping
HTSC family

experimental access to
electronic states vs.:

ARPES

here
OD80K



FOM-meeting Physics@Veldhoven 2007

IntroductionIntroduction Access to the many body worldAccess to the many body world

key to understanding super-
conductivity, CDW's etc....

Many body effects

EF

k

E Free electrons:
parabolic dispersion relation
Interacting electrons:

- electron-electron
- electron-phonon
- electron-spin fluctuations

direct access 
via ARPES

samplesample
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self energy: 
imaginary 
part

self energy: real part
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IntroductionIntroduction What does photoemission measure ?What does photoemission measure ?
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cleaves
here

CuO2
bilayer

IntroductionIntroduction (Pb,Bi)(Pb,Bi)22 SrSr22 CaCuCaCu22 OO8+8+δδ

high- Tc

Advantages:

perfect cleavage
surfaces
practically no
dispersion in k⊥

BiO modulation  ( Pb-doping)

Complications:

c-axis bilayer splitting

do a good experiment 
[have some tricks up your sleeve]
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DataData Setting the stageSetting the stage

2D Brillouin zone: Γ
 

(0,0), (π/a,0) and (π/a,π/a,)

c-axis bilayer splitting: antibonding and bonding
Fermi surfaces & bands 

nodal (N) and antinodal (AN)
regions

gap
dsc

define Fermi surface
angle ΦFS :
AN = 0°
N = 45°

ΦFS
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ΦFS = 17= 17°Data, T < Data, T < TTcc

variable polarisation of synchrotron
radiation (LH, CL, CR)

multiple multiple MDC'sMDC's per per ΦΦ FSFS

PolarisationPolarisation dependence, dependence, 
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Data, T<Data, T<TTcc AntinodeAntinode: strong coupling to a : strong coupling to a bosonicbosonic mode mode 

ReΣ

Δsc

large renormalisation
ImΣ

sudden intensity drop coupled
to maximum in Σ'' at 55meV
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Data, T<Data, T<TTcc Single mode modelSingle mode model

ImΣReΣ

Δsc

significant renormalisation at higher energies:
also contribution from a continuumalso contribution from a continuum

T<Tc

T>Tc

ReΣ ImΣ
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Data, T<Data, T<TTcc towards node: coupling to mode reducestowards node: coupling to mode reduces
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ΦFS = 0          10              17             24
ΔSC (meV) = 20        14                     10                     5
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Data, T<Data, T<TTcc towards node: coupling to mode reducestowards node: coupling to mode reduces

coupling reduces

ΦFS = 0

Σ'
'(e

V)
Σ'

(e
V)

10 17 24
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Data, T<Data, T<TTcc What is the (What is the (bosonicbosonic) culprit ?) culprit ?

T.
 D

ev
er

ea
ux

B1g buckling phonon

Ωmode =
36 meV

structure in self energy
at ΔSC + Ωmode

ΩΩmodemode
3030--35 35 meVmeV

20 20 meVmeV
at ANat AN

Es
ch

rig
-N

or
m

a
n

Spin-1 resonance mode

Ωmode = 35meV
for OD80K
Capogna et al.
cond-mat
0610869
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28K

Data, T > Data, T > TTcc Temperature dependenceTemperature dependence

ΦFS = 0          10              17             24

T<Tc

T>Tc

T-dependence (and doping dependence) holds key
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EDC Dispersion 
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Bonding band
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Bonding band
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Data, T < Data, T < TTcc Doping dependenceDoping dependence

ΦFS = 0

BE
0

0.05

0.1

T < Tc

0.2      0.1       0k||

PRLPRL90, 207001 (2003)90, 207001 (2003)

OD80K UD77K

coupling (T<Tc ) much stronger in UD systems

0.2      0.1       0k||
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Conclusions and outlookConclusions and outlook

Outlook 

high quality data → quantitative self energies in 
previously 'dark' FS area from AN towards node

Experiment:

Conclusions:
strong coupling to bosonic mode (and continuum)

coupling below Tc increases in UD regime

weakens as go away from antinode

disappears as go above Tc

spin

Kramers-Kronig consistency: ImΣ ↔ ReΣ
use ARPES Σ', Σ'' →

 
INS and Raman response

Y-doping of Pb-doped Bi2212 to access UD regime
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IntroductionIntroduction k k –– space microscopy (ARPES)space microscopy (ARPES)

Pi
c:

 D
am
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lli

SR

|| photoelectric effect

surface sensitive

k|| conserved
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Data, T < Data, T < TTcc AntinodalAntinodal cut, T < cut, T < TTcc

gap
dsc

BBBB AB

ΦFS = 0°

concentrate on
the bonding band
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ΦFS 0 to 240 to 24°Data, T < Data, T < TTcc

Experimental 
strategy:

cuts from AN to half- 
way to the node
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BB

0.0

-0.1

ΦFS =0°
AB BB

special hν

variable polarisation of SR to 'multiply' data:

huge improvement in robustness of data fittinghuge improvement in robustness of data fitting
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DataData overviewoverview
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