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Resonant Inelastic X-Ray Scattering: RIXS

W, ki

Strongly
correlated

electron systems, 
liquids, gases, …



Thorsten Schmitt, PSI

W, ki w, kf

ΔE=W-w, q = ki - kf

electron – hole 
excitation in 

valence state

Resonant Inelastic X-Ray Scattering: RIXS

RIXS transfers energy + 
momentum to the system!

L.J.K Ament et al., Rev. Mod. Phys. (2011)
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RIXS vs. NeutronsRIXS vs. Neutrons
RIXS Experiment:

S. Notbohm et al., PRL 98, 027403 (2007).

INS from La4Sr10Cu24O41

Homogeneous cross-section
over the full Brillouin zone !

J. Schlappa, T. Schmitt et al.,
Phys. Rev. Lett 103, 047401 (2009)
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Fluorescence

d-d excitations
spin excitations

charge-
transfer

Cu Cu LL33 RIXS of RIXS of SrSr22CuOCuO33

3z2 xy
xz/yz

Ground state:

J. Schlappa, T. Schmitt et al.,
Nature 485, 82–85 (2012). 
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Spin-orbital separation in Sr2CuO3

J. Schlappa, K. Wohlfeld, K. J. Zhou, M. Mourigal, M. W. Haverkort, V. N. Strocov, L. Hozoi,
C. Monney, S. Nishimoto, S. Singh, A. Revcolevschi, J.-S. Caux, L. Patthey, H. M. Rønnow,
J. van den Brink, and T. Schmitt, Nature 485, 82–85 (03 May 2012), doi:10.1038/nature10974
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Two types of carriers in LAO/STO superlattices

Z.S. Popovic et al., PRL101, 
256801 (2008)

Localized and delocalized carriers created at the interface

Localized
excitation

Delocalized
excitation

STO/[(LAO)m/(STO)10 ]10

(m=0, 3, 6, 8, 10) LAOm
PLD films from SIS – BL, M. Radovic et al.

Evidence from theory
for two types of carriers

K. J. Zhou, M. Radovic et al., Phys. Rev. B 83, 201402(R) (2011)



Thorsten Schmitt, PSI

452m2

1074m2

• Undulator: variable polarization (linear + circular)
• Eph = 170 – 1800 eV
• E /E ≤ 33’000 @ 1 keV
• RIXS endstation [T. Schmitt]:
- high flux at sample ≤ 1x1013 photons/s (E/E = 10‘000)
- spot size: 4 x 52 μm2 (RIXS)
• SX-ARPES endstation [V. Strokov]:
- ARPES (6 DOF manipulator, 10 – 500 K)
- Enhanced bulk sensitivity

ADvanced RESonant SpectrocopySpectrocopy (ADRESS) BL

V.N. Strocov, T. Schmitt, U. Flechsig et al., J. Synchrotron Rad. 17, 631 (2010).

CurrentCurrent statestate--ofof--thethe--artart
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SAXES RIXS spectrometer at ADRESS BL of SLS

detector (L-N2 cooled CCD)
on movable frame

rotating platform on air cushions (5 positions) 

spherical 3200 lines/mm VLS grating
entrance 

slit
sample

Collaboration:
PSI PSI (T. Schmitt et al.) & Politecnico di Milano (L. Braicovich et al.) & EPFL Lausanne (M. Grioni et al.)

SAXES
Swiss Light Source

Politecnico di Milano
&

G. Ghiringhelli et al., Rev. Sci. Instrum. 7777, 113108 (2006).

CCD 
camera
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RIXS Spectrometer layout

• Input arm: 0.8 – 1.1 m
• Exit arm: 3.3 - 4.4 m
• Spherical VLS gratings
3200 lines/mm (high resolution)
1500 lines/mm (high efficiency)
• Variable incidence angle: 1.4 – 1.9
• LN-cooled CCD detector
(2048 x 2048 pixels)

G. Ghiringhelli et al.,
Rev. Sci. Instrum. 7777, 113108 (2006).
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G. Ghiringhelli et al.,
Rev. Sci. Instrum. 7777, 113108 (2006).

ΔE=75 meV @ 1000 eV
E/E ~ 13.000

Limits to energy resolution:
• Small vertical focus (OR entrance slit) 
AND
• CCD resolution (PSF + pixel: 24 μm)

Theoretical performance of 3200 lines/mm grating

→ CCD with higher effective spatial
resolution will increase energy resolution
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Improving Resolution of Spherical VLS grating spectrometerImproving Resolution of Spherical VLS grating spectrometer

- Entrance and exit arms r1 and r2 = L-r1 to minimize EG
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V.N. Strocov et al., J. Synchr. Rad. 18, 134 (2011).
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Present 3200 lines/mm grating
& present CCD:

Slope error: 0.67 μrad rms
CCD: 24 μm

Improved 3200 lines/mm grating
& ideal CCD:

Slope error: 0.2 μrad rms
CCD: 5 μm

Better slope errors and spatial resolution

Ray tracing done by V.N. Strocov
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CCD Camera CCD Camera usedused in SAXES RIXS in SAXES RIXS spectrometerspectrometer at SLSat SLS
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Images Images recordedrecorded in in integrationintegration modemode

• Integration of 5-10 min spectra / images
• Read out at 100 kHz takes 42 secs
• Events too close for centroiding D.J. Hall et al.,

JINST 7, C01063 (2012)
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Tests Tests withwith an EMan EM--CCD (e2v CCD97)CCD (e2v CCD97)

Limit of spatial resolution due to charge spreading
in integration mode: 18.3 μm (pixel size 16 μm)

D.J. Hall et al.,
JINST 7, C01063 (2012)
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CentroidingCentroiding teststests withwith EMEM--CCD (e2v CCD97) CCD (e2v CCD97) 

• Possible to improve spatial resolution
to around 2 μm by centroidng
single photon events

D.J. Hall et al.,
JINST 7, C01063 (2012)
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SummarySummary of CCD of CCD cameracamera requirementsrequirements::

Yes, if possibleSingle photon
sensitivity

5 μm (high resolution RIXS) to 50 μm 
(OK for very fast applications)

Spatial resolution

10 Hz (synchrotron) to several MHz 
(XFEL)

Frame rate

1000 - 10000Dynamic range

250 – 1800 eVEnergy range

80 – 90 %Quantum efficiency

Minimum 1 inch x 1 inch, should
possibly allow clustering CCD chips

Detector size

5 – 100 μmPixel size

Similar requirements for resonant soft X-ray diffraction (relaxed spatial resolution
by factor 5-10) and coherent soft X-ray scattering – lenseless imaging.
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DetectorsDetectors: : 
B. Schmitt (Detector Group, PSI)
M. Soman (e2v centre for electronic imaging, UK)
D. Hall (e2v centre for electronic imaging, UK)
A. Holland (e2v centre for electronic imaging, UK)
J. Raabe (CCD testing at PolLux, PSI)
et al.

OpticsOptics::
V.N. Strocov (SpecNovMat, PSI) 
U. Flechsig (Optics group, PSI)
A. Jaggi (Optics Group, PSI)
J. Kremapsky (Optics Group, PSI)
et al.

Controlling: Controlling: 
X. Wang (Controls group, PSI)
et al.
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