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L Qutline of the talk ]

& The ARPES Holy Grail: A(k,®) - what stands in our way ?

@ 3D ARPES data-sets: Intensity (k, k,, B.E.)
- high (E k)-resolved angle-scanned photoemission with full EDC's

@ Some technical (but still important) points
- correctly defining: E(k) dispersion and k-
- normalisation

@ Data from pristine Bi-2212 and Pb/Bi-2212:
- Fermi surface topology

shadow Fermi surfaces

diffraction replicas (only Bi-2212 I

doping dependence

]
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Experimental details o J

@ Single crystals:

Bi-2212 -T.=87K AT, =2K
Pb/Bi2212 - Tc=72K AT, =2K

{Uni. Birmingham}
(EPFL)

OlerRPE.,

VUV5000 light source (+TGM) + SCIENTA SES200 analyser
- angle multiplexing mode ® range =7 *, A®=0.7 °
- purpose-built cryo-manipulator for angular scanning of polar {9) and

azimuthal () angles.

| 0 precision < 0.2° I

90 <dh<+160° 90° <P <+160°

B

30<T, ..

<300K

‘,A( ! unpolarised radiation !

- a big advantage for FS
mapping as no states

AE = 30 meV .

T

‘disappear' merely due

46=0.7

to polarisation depen-
dence of the ARPES
matrix element.
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ARPES from quasn-ZD systems- o

Binding energy (e\)
[ &
1

w4

(Pb,Bi),5r,CaCuQ,,,

05eV

)

r
0,0
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[ Energy and momentum distributions from AR.PES: j

EDC

energy

. MDC

0.4 0.0
Binding energy (eV)

MDM
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Binding energy (eV) momentum

Fermi surface
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| EDC's and MDC's | |

f

0.3 0 —Tr—T
Energy 07 03
Momentum

. t -b t' CurV - - -
Distribution €s Distribution Curves

Pb/Bi-2212 along the nodal line (T=30K)
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| The ARPES Holy Grail - the spectral function A(k,®) |

K

momentum/ \vector \ spsctral\ Fermi

{photoelectrons) potential function function
{photons}

L (k.0)= 1,3 [ R(@ - ')/ (@' YA

malrix elements /3 —e /J t/\

energy resolution temperature: - .

momenium resolution

[]obs (]27 G)) =’Cjextrinsic ’ Ireaf (]};w)i'

extrinsic parameters
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What stands between us and A(k.,co) ? : ' |

Intrinsic factors J

@ Matrix elements:

- photon energy

- polarisation conditions

- emission angle — absolute k, value (e.g. which Brillouin zone?)
& momentum resolution
P energy resolution

Extrinsic factors

@ time-dependent photon flux (synchrotron only)

@ deometric effects: hv vs. analysed spot as function of angle

& analyser effects: transmission vs KE; parallel detector calibration
@ surface flatness/quality: not just dirt - also limits effective Ak, !

..... measure with favourable conditions |
and use a good normalisation '

i
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Matrix elements

@ value of the photon energy

Spectral weight around the (1, 0)
point versus photon energy.

Spoatrnl wsqit juk. uriks]

A. Bansil and M. Lindroos
e \, PRL 82 5154 (1998)

& polarisation of light
e.g. Bi-2212, optimal doping, T,,, = 300K
ARPES intensity E=E, recorded with linearly polarised light (32eV)

% A Bianconi et al.,
Physica C, 317-318, 304 {1999)

&

‘even’ 'odd’ Mare S, Golden

Matrx elements continued.... J

@ momentum resolution ¢ energy resolution (AE<25 meV)

along near M along
I'-X I-X

05eV 0.5 eV
sl

+——p

Pb/Bi-2212
hv=21.22 eV E
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L Normalisation

Q Pb/Bi-2212 - ARPES intensity, E=E;, hv=21 eV, T,,, = 300K

raw data

[ A good normalisation doesn't change the .F-S:-topplogy:!-! | J

Mak S. Golden

I How should one extract k, from ARPES data ?

@ 'Older' methods:
- extrapolate the peak dispersion in EDCs
- intensity method

J Newer:
- leading edge
- symmetrisation
- integrated ARPES intensity: "n{k)"
- steepest descent of integrated ARPES intensity: del "n(k)"
-deltaT
- maximum in momentum distribution curve

A good k. method applied to well-normalised data
is maximally impervious to matrix elements

Matk 5. Gokden



k. determination continued...

@ Extrapolation of EDC's

momentum

energy

FS crossing along nodal line
Pb/Bi-2212

MDC dispersion

[Are methods based on EDC dispersion still trustworthy ? J

e
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[ ke determination continued... | J

@ delta T vs. max. intensity vs. max. gradient

2 Mﬁ,ez(.}, ——
: = . h(a) T=300K
< 09 s

. @gﬁ‘

s

0 50 108 150 200 D80 100 130 20C [l
Rezolution (me'/! Resolution {riev) g
ol

[

[}

>

LL)

E /’ ———309:\ 5 /———soc\x\
s Wk = e 304
S EATrnethcvd ; Lo :E;i_nn:l'nd-
S ohote . >d % Loogar 50 1?)0 150 200
wAE g, im 0B Resolution (meV)
L. Kippet al ,

PRL 83, 5551 (1999)

[ even if we could measure del_n(k), it's not accurate ] E
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A test of the max_MDC method: TiTe,

@ systems with flat bands can be dealt with: eg. TiTe,

ot Girdien i

Th. Straub ef al. PRB, 55, 13473 (1997)

- no need for [gradient]
- FS loop already hollow using max MDC

r The maximum of a sharply peaked, normalised: MC=kF ] 2

M S, Golder
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The context

)

HTSC Fermi surface:
@ hole-like ?

@ petfect nesting ?
QD stripes ?

@ electron-like ?

[ Il These are vital questions that need to be cleared up !!j X

Metk S Golder



i Pb/Bi-2212 Fermisurface map T =300 K j
f A
max
min
L }

Golden et al., Adv. Solid State Physics 2000

il
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[ Fermi surface features: Pb/Bi-2212 ]

{ 3
T=300K

;é{ clear main FS:
barrels centred at X,Y

s} clear shadow Fs:
(=, x) shifted versions
of the main FS

...every pixel
. ’ hides an EDC K
g Terhperature dependence ofthe. FS of Pb/Bi-2212 - J

1 f

Borisenko et a/.,
I | Phys. Rev. Lett. 84,
| 4453 (2000)

Golden et a/,
b | Adv. in Solid State
1 L _ . § Physics 2000

T= 300K

&
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Stripesin Pb/Bi-22127?  (OD 72K) ]

1 .
",’:{ no extended straight
sections of FS around (=,0)

> perfect nesting only
for small areas of the FS

Yo FS robust along (0,0) - (x,x)
Yy lttle similarity to Nd-stabilised

.SCO
{(Zhou et al. Science 1999)

incompatible with: stripes for
overdoped Pb/Bi-2212° '

..remember - every pixel hides an EDC

i #ai

M $, Goldan

r . ™)
EDCs - Bi-2212 i T=300KJ
7 - =
04 02 00-04 02 00 04 02 00 -04 -02 00
Energy (eV) Energy (eV)
\ J

Borisenko et al., Phys. Rev. Lett. 84, 4453 (2000)
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The role of the diffraction replica features in Bi-2212

g
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Bi-2212 - the situation around (,0)

) w:r main F$

';}( shadow FS

‘_ﬁx’ DR's

@
nec
£

P
msm
ST _
5g2p
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ISoOc Tl
=i 3 e
Qocwn
V_l.ly
o3 c P
ea.m._.r
s&cl

situation around (x,0)
highly complex !

1S

W=
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S. V. Boaisenko, PRL, in press

conhd-mat /9912289

X

T=120K




EDCs along (0,0)-(2%,0) versus photon energy

\,

~

a) hv=32eV b) hv = 40eV c) hv=50eV

04 02 00 040200 04 02 00 040200-0204 02 00 04020002
Binding energy (eV) Bi-2212

Ir Spectral weight aroung (x,0) reduced for hv = 32 eV and hv = 40 eV
Yo BUT: clear extended saddle point behaviour for hv = 50 eV (as for 21.2 eV)

*

Is the spectrai weight reduction at (=,0) from a main FS crossing ?
Legner etal., PRB62, 1 July 2000



! Analysis ofthe I'-M-Z spectra '

Mo

~ Binding energy (V)

IE,, lint (ab. units)

.b). .

- J
ARPES of: Legner et al., IFW
(a) Bi2212 hv =32 a¥ coend-mat 0002302

(b) Pb-Bi2212 hv=21.2eV

*l{ Bands 1,3 &4 are main FS crossings
»4 Band 2 is the 'odd one out

Mk 3. Cokien

/1t



[ Analysis of the leading edge BE J

i 3
1y hw=32e¥ 3) hv=32eV
e« I¥ Mz
.
[ ] --..
» . .-‘ .. : .
"‘l. . ae¥h,
1) hw=21.2eY )] hu:m.gv
« M iz ol
& '4 L
» .-'- "'
""'_ ‘e e, ® .
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L >
S Leagner et al, IFywW
cond-mat f 00230 “.@_
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[ Strong effects of matrix elements j

— Theory
& Experlment

Spactral weight jarp. unita)

Spectral weight around the (7, 0}
peint versus photon energy.

or-'-inqh B[d-gm]
T e

Smae TP

o B % @ o
FEangle vy [degues]
Intensity distribution along the
Fermi surface + simulated ARPES
FS maps for different polarlzations.

Peak inlensiy alorg Farmi Sulace (FS) [arb. units]

A. Bansil and M. Lindroos
PRL 83, 5154 (1998}

@ Flat band (n,0) spectral weight suppressed for hv ~ 28-35 eV
0 FS maps depend on polarisation conditions (ARPES Wlth SR)

Mork §. Goken

[ Bi-2212 - the situation around (x,0) for hv =326V J

) 'ﬁ%’ matrix elements
suppress ESPS
emission for
hv=32eV

<'r hollows out
ribbon

* two lines

Q appear like
FS crossings
as one goes from
(0,0) to (2x,0)

] i
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[ FS topology as a function of photon energy | ]

\
‘f{" hv = 40 eV appears to be
in the "doubtful' hv range

however

FS topoiogy for He | and He I
radiation is identical.

Thus, the thue FS topology is:

hole-like barrels centred at
the XY points

ne FS crossing along TMZ

j
li&.uﬁ

Pb/Bi-2212 Legner et al., PRB62, 1 Juty 2000 Wil

[ Conclusions J

ﬁ' Angle-scanned photoemission with full, high E k resolved EDCs is a
powerful route towards attaining Ak, )
BUT: @ be aware of polarisation
& use a fine k-mesh (100% real data)
@ normalise MDCs (divide out extrinsics, minimise [M|2)

ﬁ' the sharp maximum of a normalised MDC for E=E_ gives k. and
thus the Fermi surface topology

ﬁ' Pb-doped Bi-2212 (nho incommensurate Bi-O plane modulation!) is
the substance for studying FS topology, lineshapes, .....

T}«' All our data fit naturally into a picture of a hole-like, X/Y-centred
normali state Fermi surface

*k Very clear shadow Fermi surface: appears not to be a pi,pi shifted
version of the main FS -> lenses centred at (pi/2,pi/2)

e
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[ Angle-scanned ARPES with EDC's: )

a self-consistent and coherent picture of HTSC from ARPES

Superconducting and

Fermi surface topology Poping pseudo gaps

Temperature

(30 to 300 K) Photon energies,

polarisation

Line shape, QP spectral weight, ‘i' Dispersion, Fermi velocity,
self-energy scattering rate

Systems: BSCCO, LSCO, YBCO...?

i
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