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Study of Condensed Matter by Using Nuclear Resonant
Inelastic Scattering of Synchrotron Radiation

Makoto SETO
Research Reactor Institute, Kyoto University

- Recently, nuclear resonant inelastic scattering of synchrotron radiation has been applied to the study of
material science. An advantageous feafure of this method is the possibility to obtain the vibrational charac-
ter of the local environment of the resonant nucleus. The principal concepts and the experimental method
- of the nuclear resonant inelastic scattering measurement are discussed. Adding to these, some of the ex- -
perlmental results are briefly overviewed. Furthermore, a method usmg a nuclear transmon asa referencc, ' : k

for the energy analysis of the scattered radiation is mtroduced
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Table 1. Nuclides of which resonant excitation are expected to be
observed at SPring-8, E: Transition Energy, a: Natural abundance,
and T,: Half-life of excited state. Nuclides of which excitation has
already been observed using synchrotron radiation are underlined.

~ Nuclide E (ke,’V:)_k; : ‘aﬁ("%) T, (ns)
ek 0m3 0 g0l 0 42
STFe 144139 22 81
OINj 67.41 L4 53
. "Ge 1328 173 2950
o 68752 : 1.74
8Kt 9.396'0 L5 147
 %Ru 89.68 127 205
. Mgn 23871 859 18.03
= e e 5736 346
. mTe 3549 7139 1.48
r - 57.606 100 ‘ 1.95
o e gy g g
. ®Xe 39578 264 097
13Cs. 80.997 100 6.27
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_ tepy 73392 282 239
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 Er 79804 268 S 1.88
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18T 6.23810 199,988 6050
®0s  69.537 6.1 1.62
o g5 373 408
Il o0 73041 62.7 . 6.09
AW 77351 100 191
51py 84216 0 : 45.1
 ®INp 59537 0 6T
MWAm 84.0 0 2.34
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Figure 1. Time spectrum of the nuclear resonant scattering from a

o-Fe,0; single crystal.
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Schematic diagram for the measuring method of the nuclear resonant inelastic scattering.
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Figure 3. Schematic drawing of the experimental setup for the measurement of the nuclear resonant inelastic scatter-
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Figure 4. Phonon energy spectrum of nuclear resonant scattering
from a polycrystalline o->’Fe foil measured at RT. The incident pho-
ton energy and the energy of the first excited state of the Fe
nucleus are denoted as E and E,, respectively. The solid line is the
sum of the elastic part and the inelastic part calculated from the
result of the neutron experiment,? and the dashed line is the sum of
multiphonon terms. (Ref. 9).
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Figure 5. Phonon energy spectra of nuclear resonant scattering

from a polycrystalline o-5Fe foil measured at 300 K and 150 K. The
incident photon energy and the energy of the first excited state of the
S7Fe nucleus are denoted as E and E,, respectively. The solid lines
are the spectra calculated from the results of the neutron
experiment?!.
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Figure 6. Phonon energy spectrum of nuclear resonant scattering
from a polycrystalline a-’Fe,0O; sample?®. The incident photon
energy and the energy of the first excited state of the 57Fe nucleus are
denoted as E and E,, respectively. The solid line is the spectrum cal-
culated using a simple shell model.
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Figure 7. Energy spectra of nuclear resonant inelastic absorption
of synchrotron radiation in the S’FeBQ; single crystal for various po-
lar angles 6 between the direction of the incident x-ray beam and

[111] axis. The azimuthal angle ¢ was kept constant (p=90°).
(Ref. 29).
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Figure 8. Energy spectra of nuclear resonant inelastic absorption

of synchrotron radiation in the FeCl; intercalated graphite single
crystals for polar angles of 90° and 0° between the direction of the in-
cident x-ray beam and [111] axis.
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Figure 9. Delayed count rate vs. Si(111) monochromator posi-
tion. The solid line is a Gaussian fit with constant background. The
width of the Gaussian (7.5eV FWHM) is the monochromator
energy resolution. (Ref. 31).
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Figure 10. Energy spectrum of nuclear resonant quasi-elastic scat-
tering by Fe in Nafion. The solid line is a fit according to eq. 12.
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