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e Past
Inelastic X-ray Scattering in 20t century
Many flavors of IXS
Some examples

e Present — mostly cuprates
Charge transfer excitation (> 2 eV)
Orbital selective d-d excitation (< 2eV)
Multi-magnon excitation (< 1eV)

e Future
Conclusions and Outlook
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A QUANTUM THEORY OF THE SCATTERING OF X-RAYS
BY LIGHT ELEMENTS

By Arravr H. CoMPTON

ABSTRACT

A quantum theory of the scattering of X-rays and y-rays by light elements.
—The hvpothesis is suggested that when an X-ray quantum is scattered it
spends all of its energy and momentum upon some particular electron.  This
electron in turn scatters the ray in some definite direction. The change in
momentum of the X-ray quantum due to the change in its direction of propaga-
tion results in a recoil of the scattering electron. The energy in the scattered
gquantum is thus less than the energy in the primary quantum by the kinetic
energy of recoil of the scattering electron. The corresponding fncrease in fhe
wave-length of the scaliered beam is de — Ay = (2h/mc) sin® 48 = 0.0484 sin® 49,
where & is the Planck constant, m is the mass of the scattering electron, ¢ is
the velocity of light, and @ is the angle between the incident and the scattered
ray, Hence the increase is independent of the wave-length. The distribution
of the scatiered radiation s found, by an indirect and not quite rigid method,
to be concentrated in the forward direction according to a definite law (Eq. 27).
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the secondary. The zero point for the spectrum of both the primary

and secondary X-rays was determined by finding the position of the first

order lines on both sides of the zero point.
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Fig. 4. Spectrum of molybdenum X-rays scattered by graphite, compared with the
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spectrum of the primary X-rays, showing an increase in wave-length on scattering.
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Historical perspective

Published items in Each Year
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1995

WOLUME 75, NUMBER 5 PHYSICAL REVIEW LETTERS A Jury 1995

Collective Dynamics in Water by High Energy Resolution Inelastic X-Ray Scattering

F. Sette,' G. Ruocco,” M. Krisch,'! U. Bergmann,'! C. Masciovecchio,'* V. Mazzacurati,” G. Signorelli,” and
K. Yerbeni'
L'mwwrm Swchronron Radiniion Focility, B, 2200 FARMT Grenotle Cedex, Freameoe
*Universitd i L' Aguila and lstinee Nazionale o Fisica della Materia, 167100, L Aquila, Iraly
(Received 12 April 1995)
A propagsting excitation with a velocity of sound of 32000 = 0 m /s s measured in Hz0O0 @0 294 K
between 4 and 14 nm '. 1wi||g inelastic x-ray scallenng with 5 meY encrgy resalution,  The existence
of fast sound 15 therefore demonstrved in an energy-momentum region much wider than thw of previos
neutron measurements on De0.  The cguivalence of the s sownd velocity in Ha O and in DyO roles

oul medels where this made propagates only on the hydrogen network. These resulis show the abality
ol inelastic x-ray scaltering o study the collective dynamics of hguids.

PHYSICAL REVIEW B VOLUME 54, NUMBER 23 15 DECEMBER. 1996-1

X-ray resonant Raman scattering in NiO: Resonant enhancement
of the charge-transfer excitations

C.-C. Kao, W. A. L. Caliebe, and J. B. Hastings
National Synchrotron Light Source, Brookhaven National Labovatory, Upton, New York 11973

J.-M. Gillet
Department of Material Science, Universite de Marne la Vallee, 93166 Noisy le Grand Cedex, France
(Received 13 September 1996)

An energy loss feature with energy transfer close to the anion-to-cation charge-transfer energy of NiO is
observed in the inelastic-x-ray-scattering spectrum as the incident x-ray energy is tuned through the Ni K
absorption edge of NiO. The inelastic-seattering cross section shows large resonant enhancement and strong

incident energy dependence. These observations are interpreted using a configuration-interaction cluster model
of NiO. [S0163-1829{96)04548-1]
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Many flavors of IXS
H A°+ Ae p

e-y
Non-resonant IXS (NIXS)

Resonant IXS (RIXS)

Core-electrons RIXS

Typically 1 eV resolutions
Started with soft x-ray
XAS, XPS, XES, etc.

High-resolution IXS
1 meV resolution
phonons + vibrational modes
neutron scattering

Medium-resolution NIXS Core spectroscopy |IXS

200-1000 meV resolution Typically 1 eV resolution

Collective electronic excitations X-ray Raman
EELS a.g. low Z material in high pressi

Valence electrons RIX
100-400 meV
Charge gap, d-d, etc.
IR, Raman, EELS
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0-Pu-Ga, Wong et al. Science 2003

Examples

Medium Res MgB2 Cai et al. PRL 2006
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Experl mental Set2"3Y2erselss

91D
Advanced
Photon Source

Si(444)
channel-cut

overall energy resolution: ~130 meV (FWHM)
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MERIX spectrometer (APS 301D)
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E.-independent spectrum
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Momentum dependence G=g+G
La,CuO,
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Energy Transfer (eV)

Is this unusual ?

La,CuO,

350
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La,. Sr,NiO, (x=0.15)
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dd excitation using hard X-ray

Larson et al., PRL 2007

e Going to very
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e Using
quadrupole
transition as an
Intermediate
State

Energy Loss (V)
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K-edge guadrupole transition

Sr,Cu0,Cl,
—

1.0 H

0.5

Intensities (arb. units)

0.0 ~|
— T T e e B B m p e s s |

1 I
180 160 140 120 100 80 60 40 20 0

¢ ('C)

Fluorescence intensities (arb. units)

Data
Fit

0 T T T T T T
8970 8975 8980 8985 8990
Photon Energy (eV)




Young-June Kim, NSLS-Il HCMMP Workshop Feb. 2008

d-d excitation in Sr,CuO.,ClI,

e pre-edge (quadrupole) intermediate state
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Magnetic Excitation?
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Momentum
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Possibilities?
e TWO magnon excitation
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More possibilities?

e Charge 2e boson (Choy, Leigh, and P. Phillips)
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e What about d-d excitation?

o d(3z2-r?) to d(x2-y?) is not experimentally
Identified yet in cuprates
e But...
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Perhaps in the future?

Cvetkovic et al.. cond-mat/0607402 COLLECTIVE MODES IN THE SUPERCONDUCTING . . .
Lee and Nagaosa, PRB 2003
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NSLS-Il wish list

e Improved energy resolution

10-20 meV resolution will allow us to study
excitations in the 50-100 meV range

Pseudo gap in high Tc superconductors
Magnetic excitation
Crystal field in Rare-earths
Magnon-phonon-electron interaction

e Smaller beam size (20 nm?)
Scanning IXS?

Probing electronic structure in iInhomogeneous
sample
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Conclusion and Outlook

e Resonant Inelastic X-ray Scattering can probe ForlLa,CuO,

d-d orbital excitations ~1.8 eV
Charge-transfer gap ~2.2 eV
Dispersion bandwidth ~0.3 eV
Perhaps magnetic excitation ~0.5 eV

Needs more work
Mid-IR excitation at (mt, O) In La,_Sr,CuO,
= two magnon?

e But more is in the store if we can improve
energy resolution

Goal: study < 100 meV physics



