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Dual nature of 4f electronic states
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P40

Dual nature of 4f electronic states
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In this talk

1. Local excitations

2. Lattice excitations
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. Crystal electric field in Ce3*

Influence of crystal lattice reduced to an effective electrostatic field at the 4f site.
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. Crystal electric field in Ce3*
Influence of crystal lattice reduced to an effective electrostatic field at the 4f site.
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. Crystal electric field in Ce3*
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Crystal electric field in Ce3*
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Example: CeRh,Si,

— CEF theory ‘
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. Example: CeRh,Si,
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. Example: CeRh,Si,
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. Example: CeRh,Si,
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. Example: CeRh,Si,
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Local excitations: summary

« Geometry dependent modulations of cross section
« Temperature dependence = Boltzmann statistics over discrete levels

« CEF theory describes local excitation spectra well
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. Local excitations: summary
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Break down of the local model

[

! T dependence and g dependence
of low energy excitations in
Anderson lattice?
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. Break down of the local model

0L F-3 YbCo;Si; (Tk=1071K) | | ] |
w : T dependence and q dependence

YbNisP; (Tk=101K)
E-3 YONigPoshs1z  (Tk=10°K) 11 of low energy excitations in
e % i_ Anderson lattice?
€ 06l EE i
£ il Etk) Direct gap 3
< }f: i oV ~ /T D Indirect
i ; o80 05T
g osr L,: ] S B e s
B I Large Fermi
surface
P | o(E)

= 4d (VB) character
= 4f character

1 1
0.75 0.50
Energy loss (eV)

Elk)

* ° a7 Patil et al. Nature Comm. 7, 11029 (2016)

z ki A



Characteristics of the excitation spectra in CePdj,

RStew)g?) = Strong T dependence with broad inelastic response at low T
10K . . - -
and quaS|—eIast|C excitations at room temperature
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Characteristics of the excitation spectra in CePd,

Strong T dependence with broad inelastic response at low T
and quasi-elastic excitations at room temperature
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. Characteristics of the excitation spectra in CePd,

= Strong T dependence with broad inelastic response at low T

and quasi-elastic excitations at room temperature

= g dependence at low T, q independent response at high T
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. Temperature dependence
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. g dependence
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g dependence

3 o I I, T T T T ij_____A_'A::__'___'____: ]
) : —
: it H
N [ f |
) 1
® % E i
‘4 o i T
20 ¥ L X
“p = o IL ________ _;
Dhall oo a0’ LA
p b4 o ‘. -
15F i 2 2% s 1
® %5\‘; "a - * o8
o V. L) y o
S 7 /o oF
10} (ol _
'3,
0.5 | y
0-0 1 1 1 1 1 1 1 i L
0 10 20 30 40 50 60 70 80 90 i . . ar o = '
Energy loss (meV) ” el - : i L
-1.0 0.0 10 -10 00 10 -1.0 00 1.0
. . (HOL)
1.0 \/ 03
® 350005 116 K 386 K 100§
s J -y =
< @ 10 &
o8 2 01 3
%20 0 w X
® 00 -0.2 1 <
SR - -0.3
1.0 05 0.0 0.5 1.0 r X M R r r X Mm R

(H(L) 0.5 L) (r.l.u.)

The European Synchrotron | E

Goremychkin et al. Science 359, 186 (2018)
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g dependence
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Smag / FA(Q) (mb sr~! mev-! fu."?)

g dependence
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Smag / F2(Q) (mb sr~! mev~1 f.u."1)

g dependence
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Smag / FA(Q) (mb sr~! mev-! fu."?)
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. Conclusions and outlook

» Local systems

Andrea Amorese
CEF theory describes RIXS spectra well

A more predictive theory for local excitations?
Direct information on local vs itinerant character of the 4f

» Lattice systems

Kondo lattices, intermediate-valent systems, systems with sharp valence transitions, ...

Rare-earth magnets
Dimensionally confined systems, artificial structures, ...

Spin-waves in 4f metals

58 59 60 61 62 63 64 65 66 67 68 69 70 n
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Conclusions and outlook

> Instrumentation

. Resolution !l! 58 9 leo 61 [i62 3 |64 65 |66 |67 |68 |69 f70 |h
esolution " Ce ’I Pr | Nd |Pm| Sm [rEu Gd | Tb | Dy | Ho | Er | Tm| Yb [ Lu
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» Theory Amorese et al. arXiv:1901.10808

gy hw (eV)

nits)

Hancock et al. PRB 98, 075158 (2018)
*  Faster codes for CEF theory.

* Advanced ab initio theories for 4f systems.

*  RIXS experiments can give strong input not accessible to other techniques.
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