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the Kondo effect

transition to a superconducting state (Pb, Al,...)

saturation of the resistance (Au, Cu,...)

increase of the resistance (Au, Cu + magnetic impurity)
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Yb and Ce on the periodic table
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valence fluctuations

Ce3* (4f 1) Cet* (4f 0)

Yb2* (4f 14)

Yb3+ ( Af 13)
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the mixed ground state in Ce compounds
moments by the conduction electrons)
(Curie-Weiss)

J=0 (singlet
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Temperature

v(T) =C/T Curie law at high T
Y (T) = constant non-magnetic at low T

magnetic (3%) states

KTy =1-2eV
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the mixed ground state in Yb compounds
moments by the conduction electrons)
(Curie-Weiss)

J=0 (singlet
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Temperature

v(T) =C/T Curie law at high T
Y (T) = constant non-magnetic at low T

magnetic (3%) states

kT, = 1-100 meV

?’lllllllllllllllllllllllllllllllllllllllllllllllllllllllla

P> =afh!>+pho>

AT TETTTETTETETEFEFEEFEETTETEFEFEFFFEFEFEFEFFFFFFFFFEFFEFEFFFFFFFFFEY,

bR R RN



the Kondo effect and the Anderson impurity model

4f states
(correlated electrons)

conduction states

first excited state at kg T
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solving the AIM: the T/T, scaling

To/D = 4.8x107*
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4f electrons 1n Ce and Yb

PES

photoemission

hO (f 14)
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spectroscopies for Kondo systems

- Ce 4f SPECTRAL WEIGHT

- ---PES/BIS
. —THEORY

PES / IPES Intensity
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probing the Kondo scale with photoemission

hy = 102 &V
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- experiment
— fit
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to complicate the issue:

Binding Energy (eV)




probing the Kondo scale with photoemission

hy = 102 &V
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- experiment
— fit

AAALLLALLLALL LA LR R ALY

el s
i: ’
" ’
" ’
" ’
" ’
" ’
" ’
" ’
’ ’
‘! ’
‘! ’
‘! ’
‘! ’
‘! ’
‘! ’
/4 /
/

A

%

AN N E TN AT AT AT AT AT AT AT AT AT AT AT A

=
-
=]
=
f
=
%
=
5
—
=
=]
—
oy
w
=
B3
[=]
[
[=]
=
(=%

BINDING ENERGY [aV

to complicate the issue:
hv=120 e

YbCu5Siz
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probing the Kondo scale with photoemission
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probing the Kondo scale with photoemission?!?

< UPS, 438V
O XAS, 8.9 keV
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Why not trying something else? PFY-XAS

—T=16K
corene-TETE K

Absor ption e Te80K
hv,,~ 8945 eV R
hv, ~ 8948 eV
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RIXS

process

Energy transfer =hv, - hv_

even better...RIXS
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probing the Kondo scale with RIXS
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La, RIXS
L; XAS (PFY) ; hv,, = 8940 eV
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the minority component is the more
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probing the Kondo scale with RIXS

Lo, RIXS
hv,, =8940 eV
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RIXS on YbAgCu,

YbAgCu
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RIXS on YbAgCu,
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RIXS measurements under pressure

Si spherical crystal analyzer (Rowland geometry)
ESRF ID26

/ SAMPLE

Probability Amplitude

CRYSTAL
ANALYZER
(R=1m)

Radius (angstrom)

Pressure
medium Ruby

for Pressure
calibration

— favoured at high pressure

—> the 4f electrons spill into the 5d orbitals —

stronger bonding
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RIXS on YbAl, under pressure
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HAXPES - bulk sensitive photoemission
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valence band HAXPES

HAXPES — 300K
hv=5935eV 44 — 20K

Binding Energy (eV)

HAXPES intensity
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valence
141,
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HAXPES
hv = 5935 eV

YbInCu,

Binding Energy (eV)




core levels HAXPES - another way around
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recent HAXPES - looking for high count rate

hv=8 keV

YbCu2Si2

T T T T T T
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let's compare...
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SP-PES with a mini-Mott

UP-DN _ 0.6-0.4
UP+DN  0.6+0.4

=PS=0.2




SP-PES with circularly polarised light

the photoemitted electrons are spin polarised
also for non ferromagnetic samples



an casy spectrum: the Au 4f levels

kmetic Energy (V)
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a not so easy spectrum: the Cu 3d states
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from the shape of the spectrum we
can get an estimate of the 34 band

spin-orbit splitting (AEg, = 280 meV)
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3d correlations: CoO

18 16 14 12 10 8 6 4 2 0

there is no evidence of spin-
orbit splitting of the 34 states

(LsSz) ~ (~0.33+0.04)1

12 16 14 12 10 B8 &6 4 2 0
Binding Fnergy (¢V)




DRAGON

optimized for the 16-bunch mode of the ESRF
(one bunch each 176 ns)




The N10O case
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The N10O case
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NiO & MgO
2p intensity correction
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What about YbInCu,?
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kinetic energy (eV)
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