Wave-vector dependence of hybridization
In Ce and Yb compounds
as observed by angle- resolved photoemlssmn
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rare-earth elements:
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The (Periodic) Anderson Model (PAM) : |
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Improved-approach™: E.=0
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Angle-resolved resonant photoemission: CePd;(111)
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Wave-vector dependent intensity variations of Fermi-level peak!




Improved approach:

« Assumption of k-conservation upon hybridization

* Application of the model to a A-resolved partial
density of states |
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o measured data
0 Uy = infinite
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f-character of Pd-derived valence  Fermi level crossings of bands
bands at the La (Ce) site lead to strong hybridization
at the respective k-points




Heavy-Fermion system YbIr,Si,
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Yblr,Si,

hv = 110 eV bulk valence: 2,92

f\ surface valence : 2
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® Good agreement between
theory and experiment!

® Fermi-level peak far away from
I" may be caused by:

) thermal excitations

i) interactions of unoccupied f
and VB states

iii) partial integration over k due
to finite Uy

Intensity

®=0"°
hv=155eV

I . L
1.0 0.5
Binding Energy (eV)




Summary

e In the limit of negligible hybridization 4f states behave
as core-levels.

e Hybridization effects are usually handled in the light of
the Single Impurity Anderson Model (SIAM).

e Angle-resolved photoemission data show that
hybridization depends on and varies with wave-vector.

e Data analysis is possible within a simple approach to the

Periodic Anderson Model (PAM) that has the form of
SIAM but with direction dependent hybridization.

Similar direction dependent approaches may explain
anisotropies of other physical properties of
mixed-valence and heavy-fermion systems.
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Interactions of localized moments:
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Anderson model:

hopping between localized
and itinerant states

RKKY interaction:
oscillatoric spin polarization
of conduction electrons

— magnetic order

Kondo-effect:

screening of local moment

— increase of resistivity below T
— large density of states at E¢

— large specific heat

— heavy fermion behavior




f-d interaction in Pr and Nd systems
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