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Observation of the electronic structure by SXES
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Trends in SXES

X-ray fuorescence spectroscopy

(element analysis) ]

High resolution experiments
(element specific DOS analysis)

Resonant effects @
(symmetry analysis, band dispersion, ultrafast dynamics)
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Ultra-high resolution SXES spectrometer

G. Ghlrlnghelll etal., Rev. Sci. Instrum 77 113108 (2006).
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Ultra-high resolution = crystal field splitting

v

Energy loss (eV)

G. Ghiringhelli et al., Eur. Phys. J. Special Topics 169, 199 (2009).



Ultra-high resolutlon 9 Vlbratlon (~O 1eV)

Vibrational progression
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E/AE ~ 10000

Ultra-high resolution
allows to observe well-
resolved vibrational
progression

‘E’F. Hennies et al., Phys. Rev. Lett.

104, 193002 (2010).



Ultra-high resolution® Q-dependence
- magnetic excitation (~0.1eV)

RIXS intensity

RIXS Inte nsity
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M. Guarise et al., Phys. Rev. Lett. 105, 157006 (2011).




Concept of SPring-8 BLO7LSU SXES station

! Ultrahigh energy resolution A

. with In situ (air pressure) experiments

Commissioning & operation schedule
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Summary for the basic concept of SXES
spectrometer . SPring-8 BL17SU

1.high efficiency
2.high energy resolution (E/AE>2000)
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T. Tokushima et al., Rev. Sci. Instrum. 77, 063107 (2006).
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Spectrometer size determines the resolution
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Expected energy resolution increases almost linearly with

the size of the spectrometer.



Ultra high resolution soft X-ray emission
(HORNET)




—applying coma-free mode

Simulated energy resolution

V.N. Strocov et al., J. Synchrotron Rad. 18, 134 (2011).
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HORNET XES station Focused image @ sample position
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MnO
Mn2p RXES

639.2 eV (L3 res.)

A=0. 184eV@640eV
E/ AE (spec)=5000

Intensity (arb.units)
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We have succeeded in achieving ultra-high resolution of SXES!!



Required improvements
for ultrahigh resolution SXES

Hardware

® To eliminate vibration from vacuum
pumping and CCD cooling

® To reduce the CCD noise to gain high S/N
ratio

] To introduce camera systems for precise
alignment of the sample

® To calculate precise CCD position for an
appropriate aberration correction

® To increase photon flux

Software
® Bent correction of CCD images
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Required improvements
for ultrahigh resolution SXES

Hardware

® To eliminate vibration from vacuum
pumping and CCD cooling

® To reduce the CCD noise to gain high S/N
ratio

] To introduce camera systems for precise
alignment of the sample

] To calculate precise CCD position for an
appropriate aberration correction

® To increase photon flux

Software
® Bent correction of CCD images
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Required improvements
for ultrahigh resolution SXES

Hardware

® To eliminate vibration from vacuum
pumping and CCD cooling

® To reduce the CCD noise to gain high S/N
ratio

] To introduce camera systems for precise
alignment of the sample

] To calculate precise CCD position for an
appropriate aberration correction

® To increase photon flux

Software
] Bent correction of CCD images
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Initial data of E/AE > 10000 (2010%128)
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Concept of SPring-8 BLO7LSU SXES station

! Ultrahigh energy resolution A

. with In situ (air pressure) experiments

Commissioning & operation schedule

2009 2010 2011 2012

BLO7LSU Ultrahigh resolution In situ experiments

construction / experiments
_— 7 W/> - >

’09.10 BLO7LSU SXES station
commissioning commissioning
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BB RR[UETHAMOTXEREL FHR)

Sample 02 (Gas)
02 gas (flow) o | , ,
*H20 (flow) *E 021s XES
D20 (flow) _z hv = 542.3 eV
X-ray emission spectroscopy \E‘: 60min
BLO7LSU, SPring-8 *Zl -
Pressure: 3E-6 Pa %’ ,,..r"J
O 1s XES sl vatvitredin e S B s vt s
Incident Energy 315 520 525 330
resolution: ~5000 Emission Energy (eV)

Valence electronic structure of
oxygen molecule is observed

/. using in situ cell.

Vibration excitation structure has
" Al ET
BLO';.'_QJN not been observed.




BB RR[UETHAMOTXEREL FHR)

H20 and D20 (liquid
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Ultra-high resolved XES spectra of H20 and D20
are obtained.

Total resolution: ~5000

Res. of analyzer: ~10000

(Curvature correction by program)
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Concept of SPring-8 BLO7LSU SXES station

! Ultrahigh energy resolution A

. with In situ (air pressure) experiments

Commissioning & operation schedule

2009 2010 2011 2012

BLO7LSU Ultrahigh resolution In situ experiments

construction / experiments
_— 7 W/> - >

’09.10 BLO7LSU SXES station
commissioning commissioning
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High-pressure X-ray Photoelectron Spectroscopy
D.F. Ogletree et al., Rev. Sci. Instrum. 73 3872 (2002)
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Experimental cell First differential pumping stage
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silicon nitride window
(100 nm thick, 4x4 mm
wide, A p ~50 torr)
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Summary

We have constructed ultrahigh resolution SXES station
@BLO7SU in SPring-8.

Estimated energy resolution up to E/AE~10000 by
1. Using extremely focused spot on the sample.

2. Moderately magnifying the spectrometer as well as applying
two gratings optimized for 450 eV.

3. Applying simple adjustment for the coma-free operation.

We have obtained ultrahigh resolution (>8000) SXES
spectra at energy range from 400 eV to 750 eV.

We have succeeded in situ SXES experiments with
ultrahigh energy resolution.

Remaining problem is the XES intensity...
(photon flux? detection efficiency?)



Concept of SPring-8 BLO7LSU SXES station

4 i . N
Ultrahigh energy resolution
. with In situ (air pressure) experiments
Commissioning & operation schedule
2011 2012
G S O U O e —————
experiments
— P — —
In situ experiments In situ experiments
(off-line alignment)

31— —EER (GERE)






