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Report:

Within the beam time allocated for proposal HS 4881Mo6ssbauer resonance of Xe-129 was accessed for
the first time by means of nuclear inelastic scatte(NIS) using the experimental facilities proediat
beamline 1D18.

The resonance was found using three differentatidlies, i.e. (19 9 28), (2 13 70) and (5 17 54ihef
sapphire backscattering crystal [1], while only ldst one was used for actual measurements. Ugghg h
precision measurements of the sapphire latticetantss[2], the Xe-129 resonance energy was detedrtm
be 39581.3(2) eV, which is in good agreement withvalue of 39578(4) eV reported within the nuclzta
sheets [3], but adds accuracy. The lifetime of $ipiscific nuclear level was determined to be 1.4Bb(s
(yielding a half-life of 1.015(49) ns) using solehe time-resolved signal of the inelastic decagnetel. It is
in rough agreement with the weighted average &.1& reported in [3].
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Fig. 1: Experimental NIS spectra obtained for crystalline Xe and Xe hydrate including the corresponding

experimental resolution functions.
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During beam time two different samples could beestigated with respect to their Xe specific deasibf
phonon states (DPS), i.e. crystalline Xe (25% radtalpundance of Xe-129) at 20K and an enriched (90%
Xe-129) Xe hydrate at 16K. Raw NIS spectra inclgdime corresponding instrumental resolution fumdio
are shown in Fig. 1. The instrumental function otgd during measurements of solid Xe is shown imemo
detail in Fig. 2. A full width of half maximum ofightly less than 1 meV could be achieved.
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Fig. 2: Experimental resolution function obtained
during measurements of the crystalline Xe sample
including Lorentzian fit yielding a FWHM of 0.92(4)
meV. The FWHM during measurements of the Xe
hydrate was about 1.3 meV.
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Since spectra of both samples exhibit an enormonsibution of multi-phonons, the Xe specific DP8re
obtained using a modified version of DOS [4], inie¥hthe Lamb-Mdssbauer factor is introduced asexdfi
rather than a free parameter. The results of ttusgalure are shown in Fig. 3.
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Fig. 3: Xe-specific phonon densities of state for crystalline Xe and a Xe hydrate. In both cases the energy cut-
off is at about 10 meV at most.

In the case of solid Xe the mode energies up t@® are in agreement with neutron inelastic scaitedata
[5], though there no higher modes are reportethdrcase of the Xe hydrate the Xe-specific DOSrlslea
proves that the low lying modes, which were alsiected using neutron scattering [6], are to bebaitted to
the Xe guest and not to the hydrate cage. Duecttoth Lamb-Mdssbauer factors of 0.1 and 0.19 foaké
Xe hydrate respectively, measurements at highepeestures were not feasible.
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