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* From: R. Raue, H. Hopster, R. Clauberg,
Z. Phys. B 54, 121, (1984)



~d

laquieyn (e1o-1

[ 10309183 HON

(€

UOIIBISIR00Y
N / -ald

uoleIpey
suaT 105eInpun ANA
uo1199|3 ‘

Y 10108)48(
&

| Jojoeeg NON lazAjeuy
[eousydsiiaH

ONIddVN 3OV4HNS INHIH AIATOS3H-NIAS



,..L. N

60 kV supply, air cooling,

~\

GZ1 (8661) £ sAyqd "uyosa],
1 32 AQUOTNP[ED'S'IN "AOIDI'N'A oY
SIGOMND 885
g pioy popayds

e AR S TG0

fiber optics data links
Discriminators

aduey 007dD

$10)09)0p JSLLIRQ 908JINS UOII[IS
INOJ AQ UOTIOIIP PAAJOSII ASI0US
[10J Pio3 ' 008 e
ASY 09 18 SuLIaNeds MO

S7IS e durueaq-Sis Jo wod puoosaes je asn) ¢

BINOTH JO SunuIesq gJV 18 Uone[[eIsu] ‘7
[9YoI[-yoLnZ Ayis1oAruny Je dn-1og |

sidjawineiod HOIN

IO
; addoy

Iequiey)d
surdwing

IAZATRUY
foquret STIvA
SISATeUY
Tequrey J44971
uonemredsl]

sopendiuviy - uy

SIIOWLIR[OJ-NOIN

gHHAOD Jo dn-jog



Status of COPHEE

Sample
Manipulator

March 2000




(—

Electrostatic Lens Scheme for COPHEE

analyzer exit slit

extraction lens

902 gpherical
defiector

transport lens with
VAT gate valve

Mott polarimeter
(only one shown)

Calculation made by SIMION 3D Vers. 6.0
by D. Dahi
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Giant Magnetoresistance from an Electron Waveguide Effect in Cobalt-Copper Muitilayers

W.H. Butler, X.-G. Zhang, and D. M. C. Nicholson
Oak Ridge National Laboratory, Oak Ridge, Tennessee 37831-6114

T.C. Schulthess

Lawrence Livermore National Laboratory: Livermore, California 94551

J. M. MacLaren

Department of Physics, Tulane University, New Orleans, Louisiana 70118
(Received 24 October 1995)
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FIG. . Projections inside the first Brillouin zone of different Fermi surfaces for a (100) oriented Cos/Cu; multilayer on a plane

parallel to the interfaces. The amount of d character is given by the color code on the left-hand side of the figure. The T point is

at the center of each panel. (a) Majority spin and (b) minority spin in the parallel configuration. (c) Either spin in the antiparallel

configuration, (d) minority spin in the parallel configuration where the sp-d hybridization is omitted. The quantum well 4 states are
just visible as thin blue lines. )
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K. M. Schep, P. J. Kelly, G. E. W. Bauer, PRL 74, 586 (1995)
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Co/Cu(111)

The layer-by-layer evolution
of a magnetic Fermi surface
on a non-magnetic substrate.

The room-temperature Fermi surface
of hcp-Cobalt:

How many layers does it take to converge?

E Growth
mode 2

2.0 ML

5.0 ML

9 ML

Preparation by in-situ vapour deposition

Characterized by XPS, XPD




Co /Cu(111)

Growth
Morphology
(STM)




Clean
Cu(111)
Cu2p (808 eV)

Co/ Cu(111)

Photoelectron Diffraction
Co2p (963 ¢eV)

CoSF(IS%)  Cofox (13%) Cu-Co-toc (45%) u-clean (25% 1

#fmfm

@ = Copper 4 =Coball = undecided

Ch. Rath et af.
PRB 55, 10731 (1997).

3.8 ML Co




Clean %
Cu(111)

Co/ Cu(111)

Fermi Surface Mapping
hv =21.21 eV

9 ML Co
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Fermi surface of
9O ML Co/Cu(111)

Experiment
(21.2 eV)

majority
 spin

Fermi surface figures from
http://physik.phy.tu-dresden.de/~fermisur/



Manybody Effects in Photoemission

So far: one-electron picture (Fermi gas !)
But: electrons interact with electrons

with phonons
~with ...

Two types of phenomena:
* ¢ -interaction in the initial state
-> hot topic in solid state physics
(strongly correlated materials,
Fermi liquids -> non-Fermi liquids)
« e - interaction during the photoemission process
-> satellites, line shapes, line positions

important for interpretation of spectra !

Two extreme types of states

large dlspersuon e(k)

nearly free electrons

i

=> one-electron picture !

¢ . ® @O @ =-d: litle overap (d.f)

litthe dispersion
tight binding

DOS
>

=> correlation effects !
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NiO: an Example for a
Strongly Correlated System

band theory:

NiO
/\

3d8 2p6

> €
. €
=> predicts a metal
But: experiment shows insulating gap (4 eV) !

Mott Insulator: conduction
process

..‘a_..

B B d d&@ d°
d dd°
"reaction”: 2d8 —> d7+d?-U

vacuum ener
electron

d8 -> d°

energetics:

jonization
potential |

d8 -> d”

freeions: U=18¢eV

solid state : reduced (O charge transfer)



Theoretical Conc epts
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The Photocurrent I

Atoms, Molecules:
L~ Z l<¢} £ JR210, G 2l 'I 6By E 00

\1 »@rf ous Of‘bltd) -E(N)-hy)
var:ous ex*r"éd

various -f!l'!ﬁ( ,-.qul-( =

a‘toms ' . ,:-f-é Py

.SPec‘trum
>z
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Solids:
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Satellites -
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ENERGIE CINETIQUE (ev)



- a7

Kdae i v | / -
| ) , | Cgm.wtwc‘o.\ / \\
ﬁ___k ; ..u_. W sﬁv\ww o m ,..\ \ AVOW m

-4 a2 i i

m b..\_ma r 2\@( = .b.

u.mhm *o EGEQ nub o9U
mmngu bwm, HAH CU L
APZ-QR -3 e Sl A >

S B
Bl més.i.i = ﬁmm%_ . L
. «m:o_uuGLU+5 ou)

‘Suondviaur ypim sai3dod  Juspuadapul

{Zaymiwp 3 -39

-WsPWRf it e hg vo«c._su._cu 29 UDD ...

\._0:1 ,.m J“GL.“_.U@%.

.

i

.F.nlﬂn'
e ——




Va( ence  Photoemission

n Ni

majoriﬁd
excitation
u,,ﬂ
\“‘\’i__, N PE
v @) +
N 4
N 1%
Thayp v ®
H N

m 24 Danwel
‘3-body
-SCa‘l:f-‘en'na
approx."
Pl atall)
minori{:y
excitation
f T Y " N "
’- ‘ 1%— s I"..l
v L‘ﬂr 3D + ‘\Lv
Voot VO N4
hale 'frec s
\ vt b
W d? final states
| ~- t—_ 8 L
NN d® final state

etV - Cntelifte.



The beV- Satellite in Ni - Metal

40 - G‘s = A
i Ni, EVAPORATED dB 1
20} . ' salellile _rhoin
line
N 3d
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Electron Binding Energy (eV)

T r EE
frem Harner CUan

core [levels



Quasi ’oarﬁcle s DOS

Ngp (E) = | AR E dk
B2

for Ni- metal:

xxU=2.2 eV
-=J=1.95 eV
ee U=1.8 eV

beV Satellite

'-w|||l||||||1|!|1

~12-10 -8 6 —4 -2 0

{ no dispersion
in Ak E) |
= incoherent part

F. Manghi et al. Fig. 2

PRB 59 ('39) Rickc 3
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Low energy excitations - NICKEL
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Theory (Q.P.)

Theory (LDA)

Experiments
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