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The RIXS landscape 2




Is it possible to...

O Acquire soft x-ray spectra with a hard x-ray probe ?
0 See under the white line ?

a "Image" the chemical environment ?

Q Probe forbidden transition, ... and their dispersion ?

O Do spectroscopy in constraint sample environments ?

O Measure phonons with x-rays ?




Motivations

M Acquire soft x-ray spectra with a hard x-ray probe ?
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Fig. 3. Photomicrograph showing indention
23.2 GPa (ring crack) of diamond anvil by the high-
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M See under the white line ?
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M "Image" the chemical environment ?

Mn complexes- Mn K edge / Ka emission
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Motivations

M Probe forbidden transition ?
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M ... and their dispersion ?

1500 . T 600 : . :
' ; r (b) La,CuQ,, energy loss
; @| 500 ]
"2 R PR ]
: (1S 300 '}‘{"i
! Tt 7 200 -E'-L']
i‘ ‘ = .{"}"ﬂ
1000} i — F & 100 Charge transfer (c)
3 R T o
1 FS RN 0 (X 3d"L 3d
3 L . ¥, ~100, . . p Exciton . O Zhang-Rice
© ;- of : singlet
T i i PRI Energy loss (eV)
a ! 8 35—
o |k 3 5
g g & 3 ©
o =
Lk o0& mikph r
2500 l SN i S A% 4
A . S T A
£ B < A
\ 0 "y :'{‘E ry 1
L - o 'y .‘({
19 § 25 4
D_ ,r
OgF § —*Jé
X o 4--4
0 1 | 2 L L 1 L
0 2 4 6 0 02040608 1
Energy loss (eV) Position in BZ (I' - X)

E. Collart, Phys. Rev. Lett. (2006)



Motivations

M Do spectroscopy in constraint sample environments ?

H,O - O K edge
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Motivations

M Measure phonons with x-rays ?

LA[111] TAOM] - 0-Pu - phonons
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INTRODUCTION




General principle

There are only three basic actions to produce all the phenomena associated with light and electrons:
A photon goes from place to place, an electron goes from place to place, an e ectron emits or
absorbs a photon, QED, Richard Feyman

ki, w1, €

hw = Twy — hws Transfer energy

q ~ 2k, sin(0) Transfer momentum




Overview

non resonant resonant

RXES PFY-XAS RIXS
Energy loss K-edges of light emission _
- phonons element o g absorption | Energy loss
- plasmons ...
2D map

(nR)XES

fluorescence




Resonant vs. Non resonant

Non resonant IXS absorption RIXS
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Non resonant processes

eDynamical structure factor S(q,w)
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Equivalence with x-ray absorption

) 2 mmemeoegeeC

S(q,w) = Z)m > expliq-1)li)| x 8 (Ey — i — w) hws

i, f

exp(iq-r) =1+iq-T+ (ig-1)°/2+ ... huwn JJJ

q plays the role of € <zz‘ hw

— Energy loss (eV) - IXS —

——IXSqllc
—IXSqlOc I

- [ XAS el ¢ -

C-K edge i —————— XAS e/l ¢

280 285 290 295 300 305 310

Energy (eV) - XAS —

)

Y. Mizuno and Y. Ohmura, J. Phys. Soc. Japan (1967)



Resonant IXS

eKramers-Heisenberg equation
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e Chemical selective

e Orbital selective

e Resonant enhancement
e Sharpening effect




Spectral sharpening effect

eKramers-Heisenberg equation

off resonant (fluorescence)

e Chemical selective

* Orbital selective

e Resonant enhancement
e Sharpening effect

transfer energy . s

hwl - h(.UQ PFY-XAS
]_//Ij71 :§S> ].//Ij‘f

4976
4974 4975

Y
4973
4971 4972

a9 4970 Incident energy

Fwr

4968
4966 4967




APPLICATIONS




Bonding changes under pressure

graphite B,O,
? “'—.'T @ I
o g !
—
"
| S~z |
z p
c 2.4 GPa |
3 7.6 GPa ___,(|\ ~——_t500 |
B 10.8 GPa P
® 14.2 GPa _/ﬁ\
E 16.7 GPa ' | | 1206
- - 20.5 GPa :
23.2 GPa

vertical

5.4 GPa
w

2 23.2GPa
orizontal !
T T T ! i 44 GPa Low pressure High pressure
280 290 300 310 320 .
Enargy loss (OV)
l 1.3 GPa
1 biar

/

Decompressad

1 1 | 1 1 1 1
205 ali]
Enemy lass (V)

S5

W. Mao, Science (2003),; Lee et al. Nature Materials (2005)



Spin state transition in transition metal

VIS LSS AL S,

Binding
A energy

Coulomb / Exchange
interactions

(3p, 3d)

______________________________

P7

ground state —» Intermediate states — Final states

> local probe of the 3d magnetism in transition metal
> No applied magnetic field
> Compatible with high pressure

> Ly; emission in rare-earth for 4f magnetism

G. Peng, J. Am. Chem. Soc. (1994)



Magnetic collapse in (Mg,Fe)SiO2
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f-states in mixed valence rare earth
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> Core hole potential separates the different mixed states
> Sharpening effect due to resonant effects

> Great accuracy in the determination of the valent state
> 4f,5f systems

Dallera et al., Phys. Rev. Lett. (2002)



Intensity (arb. units)
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a-y transition in Ce
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Nature of the Pre K-edge in TM oxides
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On site vs. off site screening processes
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Mott transition in V,0;

Perforated diamonds
PFY-XAS
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Mott transition in V,0;

DMFT Incoherent part
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dd excitations in transition metals

NiO
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Magnetic excitations viewed by x-rays

810
2 2p°3d
9 *
3d° N\ 30°
. Initial state Intermediate state Final state
Sadogaday $48 4 268 s
A S S 6 8¢ 8 6 be &
ATt SR g,
~ ) P 7N S 154
[~ Pk © : ¢
2p core electron o W
Photonin 4?_& % Photon out
Initial Intermediate
a o 1lb d r_1.01

| CcCco 1.
| re cco !
1
— o pol. !

---7

1

930

932
Photon energy (eV)

934

10° |

\ A\

1 0.5

0

4 3 2 1 0 1
Transferred energy (eV)

300
200

100

Transferred energy
o

ﬁ\ﬂ W

Y cco

IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIII|;|I

O

=3 2 -1 0 1 2 3

L. Braicovich, Phys. Rev. Lett. 102, 167401 (2009)



phonons in actinides
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CDW in a-U under pressure
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O-binding and molecular conformation

VIS LSS AL S,

water
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— liquid water
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nature of photosystem II complexes
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PERSPECTIVES




IXS stations world wide

(soft x-ray / hard x-ray)

Ring Nbr | Beamline Energy range Country
ESRF 4 ID8 / ID-16, 26, 28 0.4-1.6 keV / 5-23 keV France
Spring-8 1 BL12XU 5-30 keV Japan
APS, SSRL, ALS 4 IXS-CAT, BL6.2; BL 7.0 5-25 keV / 0.06-1.2 keV USA
NSLS-2 IXS beamline* > 5 keV

MAX II 1 I5-11 0.05-1.5 keV Sweden
Elettra 1 IUVS 5-11eV Italy
SLS 1 ADDRESS 0.4-1.8 keV Swiss
SOLEIL 2 MicroFocus* / GALAXIES* | 0.05-1.5 keV / 2-12 keV | France

(*) not yet operational 2010 / 2011



GALAXIES beamline at SOLEIL

Inelastic x-ray scattering and Electron spectroscopy

- U20 undulator, energy Range : 2.2-12 keV
- Two experimental stations

- RIXS

- HAXPES

- High resolution AE = 100 meV -1 eV
- Micro Focalization:

> High-Flux: 80x35 pm?2

> Micro-Focus: 5x5 um?
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