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kk--dependence of the mass renormalisation in Bidependence of the mass renormalisation in Bi22 SrSr22 CaCuCaCu22 OO88++δδ
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a polarisationa polarisation--dependent ARPES studydependent ARPES study
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1). 1). In Bi2212, the (In Bi2212, the (ππ,0) (=,0) (=antinodalantinodal

 

point) point) renormalisationrenormalisation

 

has a strong doping dependencehas a strong doping dependence

 

Kim Kim et.alet.al, PRL, PRL9191,167002 (2003).,167002 (2003).
2). It shows doping dependences in the nodal direction2). It shows doping dependences in the nodal direction

 

((BogdanovBogdanov

 

et.alet.al, , VallaValla

 

et.alet.al))
3). In OD 71,  a momentum and temperature dependence was found 3). In OD 71,  a momentum and temperature dependence was found near (near (ππ,0).,0).

 

These measurements were from a sample with superstructure modulaThese measurements were from a sample with superstructure modulationstions

 

GromkoGromko

 

et.alet.al,,

 

PRBPRB6868, 174520 (2003)., 174520 (2003).

•• What is the kWhat is the k--dependence of this dependence of this renormalisationrenormalisation

 

??
•• Exploit variable Exploit variable polarisationpolarisation

 

to help distinguish the BB and AB bandsto help distinguish the BB and AB bands

•• SIS SIS beamlinebeamline

 

X09LA at SLS and U125X09LA at SLS and U125--1/PGM at BESSY1/PGM at BESSY
•• SES2002 (SLS) and SESSES2002 (SLS) and SES--100 (IFW 100 (IFW Dresden@BESSYDresden@BESSY) ) 
••

 

hhνν

 

chosen as 39 chosen as 39 eVeV: : maximisesmaximises

 

contrast between the two contrast between the two 
cc--axis split axis split bilayerbilayer

 

bandsbands
••

 

(Pb,Bi)(Pb,Bi)--2212 single crystals (FZ) grown in Amsterdam         2212 single crystals (FZ) grown in Amsterdam         
UntwinnedUntwinned, modulation, modulation--free.free.

•• TcTc

 

of these crystals: OD 78K, OD 80K, and OD 84Kof these crystals: OD 78K, OD 80K, and OD 84K

••

 

For OD 78 and 80K,For OD 78 and 80K,

 

data taken from 8 different cuts data taken from 8 different cuts 
and using different and using different polarisationspolarisations::

linear horizontal (LH)linear horizontal (LH)
circular left (CL)circular left (CL)
circular right (CR)circular right (CR)

Cut 1 represents Cut 1 represents antinodeantinode

 

(AN), cut 8 is 7(AN), cut 8 is 7oo

 

awayaway
••

 

For OD 84K, 5 cuts are taken using LH radiation.For OD 84K, 5 cuts are taken using LH radiation.

 

Cut 1 = AN and cut 5 is 6Cut 1 = AN and cut 5 is 6oo

 

away from AN.away from AN.

3. Results and data analysis: OD 84K3. Results and data analysis: OD 84K

1. Introduction1. Introduction

We have used polarised Angle Resolved We have used polarised Angle Resolved 
Photoemission (ARPES)  to study the mass Photoemission (ARPES)  to study the mass 
renormalisation around the Fermi surface in renormalisation around the Fermi surface in PbPb--

 

doped Bidoped Bi22

 

SrSr22

 

CaCuCaCu22

 

OO8.8.
This renormalisation is seen as a deviation of the This renormalisation is seen as a deviation of the 
E(E(kk) dispersion of the independent particle band ) dispersion of the independent particle band 
at low energy, close to the Fermi level. at low energy, close to the Fermi level. 

Mass Mass renormalisationrenormalisation::

 

due to due to ““dressingdressing””

 

of electron with interactions i.e. a coupling to collective, of electron with interactions i.e. a coupling to collective, bosonicbosonic

 

modesmodes

1 2
3

2. Experimental2. Experimental
Bi20040826, 700C in Ar, 72h
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••

 

Peak position in EDM shows band dispersion. Peak position in EDM shows band dispersion. EDC (red) EDC (red) dispersion more sensitive to the dispersion more sensitive to the 
presence of the gap compared to the presence of the gap compared to the MDCMDC

 

((blueblue) dispersion.) dispersion.
••

 

MDC dispersion is fitted using simple MDC dispersion is fitted using simple LorentzianLorentzian

 

while EDC is fitted using while EDC is fitted using LorentzianLorentzian

 

multiplied by the Fermimultiplied by the Fermi--DiracDirac

 

distibutiondistibution, including a scaled background from k > , including a scaled background from k > kkFF

 

..
•• Data clearly resolve the Data clearly resolve the bilayerbilayer

 

splittingsplitting
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••

 

Trend: degree of Trend: degree of renormalisationrenormalisation

 

(seen as the slope change) in the superconducting state (seen as the slope change) in the superconducting state 
decreases as we go from the decreases as we go from the antinodeantinode

 

halfhalf--way towards the node (way towards the node (EE

 

and and FF))

•• Trend: for T above Trend: for T above TcTc, the slope is constant (, the slope is constant (EE).).

••

 

The coupling constant change on leaving the sc state decreases aThe coupling constant change on leaving the sc state decreases as we move from s we move from antinodeantinode

 

towards the nodal line (towards the nodal line (GG), while it is more like  constant at T above ), while it is more like  constant at T above TcTc

 

((GG).).

••

 

EDC (red) EDC (red) dispersion can be approximated by a dispersion can be approximated by a BogolubovBogolubov

 

quasiparticlequasiparticle

 

dispersion in the presence of the gap:     dispersion in the presence of the gap:     

)1(
     where)()( 22

λ+
=Δ+−=

b
F

F
vmkkmkE

••

 

The bare Fermi velocity can be obtained  from the LDA The bare Fermi velocity can be obtained  from the LDA 
data for the separation between bottom of the bonding data for the separation between bottom of the bonding 
(BB) and (BB) and antibondingantibonding

 

(AB) bands, given the experimental (AB) bands, given the experimental 
kkFF

 

for the BB: for the BB: 

2

22 )()(
F

FBottBb

k
kkk −

=
εε

•• The slope of (2) at low energy is bare velocityThe slope of (2) at low energy is bare velocity

(1)

(2)

•• BCSBCS--like back dispersion in the superconducting state (particlelike back dispersion in the superconducting state (particle--hole mixing), see Fig. hole mixing), see Fig. HH

4. Results and data analysis OD 78K & 80K: 4. Results and data analysis OD 78K & 80K: 
polarisationpolarisation--dependencedependence

••

 

The mass The mass renormalisationrenormalisation

 

for the bonding band for T<for the bonding band for T<TTcc

 

is significantly momentum dependent:is significantly momentum dependent:

 

It is maximal at the It is maximal at the antinodalantinodal

 

point, decreasing steadily as one goes towards the node.  This point, decreasing steadily as one goes towards the node.  This kk--dependence practically vanishes for T above dependence practically vanishes for T above TcTc..
•• Use of circular Use of circular polarisedpolarised

 

radiation offers bright prospects for improved BLS contrast in radiation offers bright prospects for improved BLS contrast in the tricky zone between the the tricky zone between the antinodeantinode

 

and node.and node.
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cut 8
cut 1
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••

 

Panel (Panel (AA):):

 

CL and CR each pick out one side of the CL and CR each pick out one side of the 
(0,0)(0,0)--((ππ,0) line.,0) line.
The LH Spectra is very close to the sum of CL + CR. The LH Spectra is very close to the sum of CL + CR. 

••

 

Panel (Panel (BB):):

 

zoom of positive zoom of positive kkyy

 

side of the spectra for side of the spectra for 
LH, CR, CL LH, CR, CL polarisationspolarisations

 

from AN to 7from AN to 7oo

 

towards the towards the 
node.node.

 

Trend : CR Trend : CR favoursfavours

 

AB band, CL the BB. LH is in AB band, CL the BB. LH is in

 

 
between. between. 

AAOD 78K

••

 

Panel (Panel (CC):):

 

Momentum dependence of Momentum dependence of renormalisationrenormalisation

 

for LH and CL for LH and CL polarisedpolarised

 

radiation. radiation. 
The degree of The degree of renormalisationrenormalisation

 

is maximal at the AN and decreases as one moves away from the is maximal at the AN and decreases as one moves away from the 
AN.AN.

5. Conclusions5. Conclusions
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••

 

Conclusions from panels B and C:Conclusions from panels B and C:

 

exploiting circular light enables better resolution of the cexploiting circular light enables better resolution of the c--axis axis 
bilayerbilayer

 

splitting. Multiple splitting. Multiple EDMEDM’’ss

 

per cut make MDC and EDC fitting more robust. per cut make MDC and EDC fitting more robust. 
This This polarisationpolarisation

 

dependent data is still under analysis.dependent data is still under analysis.

LH
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••

 

Eq.1 works well at weak coupling regime. At strong Eq.1 works well at weak coupling regime. At strong 
coupling regime, the energy gap is similar to mode energy. coupling regime, the energy gap is similar to mode energy. 
It needs more complex expression (FinkIt needs more complex expression (Fink

 

et.alet.al

 

CM/0512307)     CM/0512307)     
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