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Abstract
Nuclear resonant inelastic x-ray scattering is used to measure the projected partial phonon den-
sity of states of materials. A relationship is derived between the low-energy part of this [requency
distribution function and the sound velocity of materials. Our derivation is valid for harmonic
solids with Debye-like low-frequency dynamics. This method of sound velocity determination is
applied to elemental, composite, and impurity samples which are representative of a wide variety
of both crystalline and noncrystalline materials. Advantages and limitations of this method are

elucidated.

PACS numbers: 61.10.Eq, 62.65.+k



Sound velocity

Measurements:

ultrasound
Brillouin scattering

acoustic phonon dispersion

* Debye DOS — NRIXS

Materials of interests:

geoscience, e.g. composition of earth core

thin films, multilayers, nano particles



Debye sound velocity and partial DOS

What NRIXS measures:
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The phonon DOS:
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If we deinfe a projection and selection function,

D(E, 12) — X(E,R) V(E)

For harmonic solids with Debye-like “low-frequency” dynamics,

in the low energy region,

x(k) = % (UD)g
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For an isotropic or a polycrystalline sample,

and

where,




Projected Debye sound velocity
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Then, the low-energy portion of the measured projected partial
DOS has the following form,

D(E,k) = (m) B

m) 2m2h’no
where m is the mass of the nuclear resonant isotope, m the average
atomic mass of all atoms in the sample, and n is the number density

of atoms.



Caveats

Harmonic lattice approximation

Debye behaviour up to not too low energies
1 THz, 4 meV

Not too soft materials
frar > 0.1



The low-energy region of NRIXS DOS
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FIG. 1: The measured PDOS divided by energy squared. The size of symbols indicates the
statistical error bar derived from signal counts. These samples were measured with resolutions of

0.85meV for 19Sng.1Pdo.g9, 0.6 meV for >" Fes03, and 1 meV for bee iron.



Comparison of sound velocities

velocity of sound (m/s) m/m

Palladium 2193435 1.12
2104°
2372¢

Hematite 42794-84¢ 1.76
4653

[ron 348848 1.00
34120
3707°¢

Qur results from NRIXS.
bThe lower limits from ref. 1.
“The upper limits from ref. 1.

2Calculated with bulk and shear moduli from ref. 2.
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How many resonant nuclei are needed ?

o(E) = % oo S(E)
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o ~ 10 ' oThomson ~ 10™2°cm?

If we let the count rate n In & n d ~ 1, and assume
Iy ~ 10° ph/sec

d~ 10 um
n ~ 0.1

then

n ~ 10%' nuclei/cm?



