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Report:
Dynamics in Myoglobin studied by coherent inelastic scattering of synchrotron radiation with
energy analysis by the Miissbauer effect

The Rayleigh scattering of synchrotron radiation is a coherent scattering method. The
intermediate scattering function depends on the differences in the mean atomic positions q :

fi is the atomic scattering factor, i; is the scattering vector and t the time. Typical distances
if, - 3, in a sample interfere by the first exponential to the maxima and minima in the scattering
function. For myoglobin the first maximum is at ICI = 0.6w-‘, the second at Ii;1 = 1.4I\-‘.The
scattered intensity also depends on the time dependent deviations xj(t) of the atoms from ?,

A Fourier transformation of eq. 1 from time into energy space yields the dynamical scattering
function. It depends on the energy of the excitations, of the correlations in xl and, especially
by the first exponential in eq.1, on i;. The inelastic Rayleigh scattering was used in a
preceding experiment for the investigation of the temperature dependence of the phonon
spectrum of myoglobin /l/. Up to now, these experiments had been performed at high
scattering angles with momentum transfers between Ik/ = 2.9 A-’ and 14.3 A-’ . Therefore the
interpretation in this case was made within an incoherent approximation. At smaller angles
correlations in the atomic distances and in the atomic motions are getting important.
In the present experiment again an amorphous sample of horse heart myoglobin hydrated to
0.4 g water I g protein was investigated. The scattered radiation was detected in an array of
four APDs situated symmetrically around the direct beam. The covered scattering vectors I?
are given in Fig.1. Due to the very low counting rates of 0.3 s-l in the maximum and a
background of 0.06 s-l only two angular regions could be studied in this beamtime. In both
cases the statistics is not sufficient to yield information about correlations in the dynamical
amplitudes.
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