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Colossal (negative) Colossal (negative) magnetoresistancemagnetoresistance: CMR: CMR

double exchangedouble exchange means: means: 
ferromagnetic (FM) situation ferromagnetic (FM) situation 
favoursfavours hoppinghopping

in plane

out of plane

T. Kimura and Y. Tokura, Annu. Rev. Mat. Sci., 2000 

quasi 2D structurequasi 2D structure
→→ anisotropy in c and anisotropy in c and abab transport:transport:

CMR

CMR effects of 4000%CMR effects of 4000%

CORPES workshop.  24CORPES workshop.  24thth AprilApril,, 20072007
©© Mark S. Golden 2007Mark S. Golden 2007

BilayerBilayer managanitesmanaganites

pic: Matt Rosseinsky

La,Sr,O
rock salt 

blocks
double 

MnO2
planes

reduced dimensionalityreduced dimensionality

greater role for fluctuationsgreater role for fluctuations
connection to theconnection to the
high high TcTc cupratescuprates ??
strong anisotropystrong anisotropy

(even) larger CMR effect(even) larger CMR effect

cleavage
here

cleavage surfaces suitablecleavage surfaces suitable
for surface sensitive probes:for surface sensitive probes:

ARPESARPES
STM / STSSTM / STS
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TT,,xx phase phase diagrammediagramme

Hole doping, x

LaLa22--2x2xSrSr1+2x1+2xMnMn22OO77

LaLa22SrSr11MnMn22OO7 7 as 'parent insulator', as 'parent insulator', xx gives no. of additional holesgives no. of additional holes
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spinsspins
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orbitals (lattice)orbitals (lattice)

focus herefocus here
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Expectations from band structure calculationsExpectations from band structure calculations

DFT says: DFT says: halfhalf--metallic metallic ferromagnetferromagnet
2001

Pics from: Huang et al. PRB 62 13318 (2000)

X

M

Γ

Majority band:  quasi-2D Fermi surface

3dx2-y2 BB

3dx2-y2 AB

3dz2-r2

eegg bandwidth: bothbandwidth: both
3dx2-y2 and and 3dz2-r2 are occupiedare occupied
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ARPES of 2L ARPES of 2L manganitesmanganites: : historyhistory

Colorado group:Colorado group:

ghost Fermi surface, pseudogapghost Fermi surface, pseudogap
Dessau Dessau et al.et al., PRL1998, PRL1998
data: data: x=0.4x=0.4

Fermi surface nesting Fermi surface nesting 
(no(no QP'sQP's anywhere)anywhere)
Chuang Chuang et al.et al., Science 2001, Science 2001
datadata: : x=0.4x=0.4

hhνν=50eV=50eV
integrated integrated ±±200meV of E200meV of EFF
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ARPES of 2L ARPES of 2L manganitesmanganites: : status quostatus quo

general statement 2L general statement 2L 
manganites:  manganites:  nodalnodal metalmetal
(Fermi arc)(Fermi arc)
data: data: x=0.4x=0.4

Stanford
Manella et al. Nature (2005)

Colorado
Z. Sun et al. PRL (2006) 

QP'sQP's at at antinodeantinode
no no QP'sQP's forfor x=0.4x=0.4
data: data: x=0.36x=0.36, 0.38, 0.4, 0.38, 0.4
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ARPES of 2L ARPES of 2L manganitesmanganites: : status quostatus quo

Colorado
Z. Sun et al. Nature Physics (2007)

metallicity above metallicity above TTcc
(phase separation)(phase separation)
data: data: x=0.38, AB bandx=0.38, AB band

TTcc
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aa

Crystal characterisation: x=0.36Crystal characterisation: x=0.36

sharp transitions, excellent cleavage surfacessharp transitions, excellent cleavage surfaces

FMFM--MM PMPM--II

TTcc = 130K= 130K
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X

Γ1234
567

Hunting down the QP'sHunting down the QP's

low energy spectral weight alllow energy spectral weight all round the round the ABAB
FermiFermi surfacesurface

S. de Jong et al. 2006

hhνν=56eV=56eV
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EnergyEnergy distribution distribution curvescurves

note:note:
'QPs''QPs' at all at all kkFF's's for LSMOfor LSMO

S. de Jong et al. 2006

peaks not yet peaks not yet 
resolution resolution 
limited……limited……

hhνν=56eV=56eV
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S. de Jong et al. 2006

antibonding band:antibonding band:
sharp QP, resolution limited widthsharp QP, resolution limited width

µµ -- ARPES: AB band              ARPES: AB band              (at the SLS)(at the SLS)

hhνν=56eV=56eV

at (at (ππ/a,0)/a,0)
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bonding band:bonding band:
sharp QPsharp QP
? extra feature? extra feature

bonding band:bonding band:
EEFF MDC width (0.07 MDC width (0.07 ππ/a) is double that of the AB band/a) is double that of the AB band

hhνν=73eV=73eV

at (at (ππ/a,0)/a,0)

µµ -- ARPES: BB band                ARPES: BB band                (at the SLS)(at the SLS)
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What about the BZ diagonal ?What about the BZ diagonal ?

FWHMFWHM
0.07 0.07 ππ/a/a

FWHMFWHM
0.1 0.1 ππ/a/a
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kkFF EDC'sEDC's
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for x=0.36: for x=0.36: 

QP's visible for:QP's visible for:

AB FS at (AB FS at (ππ/a,0) /a,0) andand zone zone 
diagonal diagonal 

and and for BB FS at (for BB FS at (ππ/a,0)/a,0)

((ππ/a,0)/a,0)

((ππ/a,0)/a,0)

BZ diagonalBZ diagonal
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S. de Jong et al. 2006

coupling to collective (bosonic) mode(s):coupling to collective (bosonic) mode(s):
clear deviation from nonclear deviation from non--interacting dispersion between 60 and 110meVinteracting dispersion between 60 and 110meV
also seen in MDC width (also seen in MDC width (→→ QP inverse lifeQP inverse life--time)time)

Renormalisation effects at (Renormalisation effects at (ππ/a,0)/a,0)

T=30KT=30K

Width (π/a)
0.200.150.10

-0.3

-0.2

-0.1

0.0

Position (π/a)
0.200.10

-0.3

-0.2

-0.1

0.0

E
-E

F(
eV

)
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Temperature dependence at (Temperature dependence at (ππ/a,0)/a,0)
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TT--dependence: renormalisation effects (dependence: renormalisation effects (ππ/a,0)/a,0)

S. de Jong et al. 2006

peak position (kpeak position (kyy)) MDC FWHM (MDC FWHM (ππ/a)/a)
(offset)(offset)

T=30T=30
T=95T=95
T=145T=145

hhνν=56eV=56eV

at (at (ππ/a,0)/a,0)

E
-E

F(
eV

)
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TT--dependence:dependence:
MDC width at (MDC width at (ππ/a,0)/a,0)

S. de Jong et al. 2006
MDC FWHM (MDC FWHM (ππ/a)/a)

T=30T=30
T=95T=95
T=145T=145

hhνν=56eV=56eV

at (at (ππ/a,0)/a,0)
strong Tstrong T--
dependence for dependence for 
low energieslow energies

change in form change in form 
within FMwithin FM--M phase M phase 
(30 (30 →→ 95K)95K)

E
-E

F(
eV

)
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TT--dependence: at (dependence: at (ππ/a,0) and BZ diagonal/a,0) and BZ diagonal

S. de Jong et al. 2006TTcc

hhνν=56eV=56eV

at (at (ππ/a,0)/a,0)

BZ diagonalBZ diagonal
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TT--dependence: dependence: kkFF EDC's at (EDC's at (ππ/a,0) and BZ diagonal/a,0) and BZ diagonal

S. de Jong et al. 2006

giant temperature dependence. kgiant temperature dependence. k--dependent.dependent.
QP peak more robust an antinodeQP peak more robust an antinode
spectral weight shift even larger at nodespectral weight shift even larger at node
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TT--dependence: metallic phase above dependence: metallic phase above TTcc ??

T30T30--T95T95

T95T95--T145T145

two phase model doesn't two phase model doesn't 
work herework here
-- QP peak only for T<TcQP peak only for T<Tc
-- different high E behaviour for the different high E behaviour for the 
two ktwo k--points points 

CORPES workshop.  24CORPES workshop.  24thth AprilApril,, 20072007
©© Mark S. Golden 2007Mark S. Golden 2007

ConclusionsConclusions

no such thing as a (general) nodal metalno such thing as a (general) nodal metal

quasiparticles are to be found on both the AB (at quasiparticles are to be found on both the AB (at 
zone face zone face andand diagonal) and BB Fermi surfaces diagonal) and BB Fermi surfaces 
for x = 0.36for x = 0.36

strong renormalisation effects clearly identified:strong renormalisation effects clearly identified:
-- phononphonon--orbitons orbitons 
-- strongly Tstrongly T--dep.: magnetism dep.: magnetism 

anomalous temperature dependence:anomalous temperature dependence:
-- huge shifts of spectral weighthuge shifts of spectral weight
-- can't fit a 2can't fit a 2--phase modelphase model

analysis underwayanalysis underway
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Glimpse of something hot off the beamline......Glimpse of something hot off the beamline......

hhνν=56eV=56eV

S. de Jong et al. 2007

X

M

Γ
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0                    0.5                1.0                 1.50                    0.5                1.0                 1.5

Glimpse 2Glimpse 2 hhνν=73eV=73eV

S. de Jong et al. 2007
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? possible breakdown of 100% spin polarisation ?? possible breakdown of 100% spin polarisation ?

minority (LSDA)                 majority (LSDA)minority (LSDA)                 majority (LSDA)

CORPES workshop.  24CORPES workshop.  24thth AprilApril,, 20072007
©© Mark S. Golden 2007Mark S. Golden 2007

0                    0.5                1.0                 1.50                    0.5                1.0                 1.5

Glimpse 2Glimpse 2 hhνν=73eV=73eV

S. de Jong et al. 2007
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