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Fe nuclear forward scattering of synchrotron radiation in hedenbergite CaFeSi2O6 at
hydrostatic pressures up to 68 GPa
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ABSTRACT
The 57Fe nuclear forward scattering (NFS) of synchrotron radiation and the use of diamond anvils with helium as pressure medium allowed study of the electronic state of Fe21
in the chain silicate hedenbergite CaFeSi2O6 at pressures up to 68 GPa. Characteristics of
NFS time spectra were compared with those of conventional Mössbauer spectra.
NFS time spectra of 57Fe in hedenbergite revealed a reversible phase transition between
53 and 68 GPa at room temperature, which is probably a transition from the paramagnetic
phase at low pressures to a magnetic phase at high pressures. If this interpretation is correct,
the Néel temperature TN of hedenbergite depends critically on pressure (TN 5 45 K at 1
atm).

INTRODUCTION
Development of powerful photon ‘‘factories’’ permit
realization of Ruby’s (1974) prediction of resonant nuclear absorption of synchrotron radiation (SR). The aim of
this paper is twofold: first, the principles of nuclear forward scattering (NFS) at high pressures are described
briefly. This part includes methodological considerations
about the accuracy in determining nuclear hyperfine parameters from NFS data compared with those obtained
from conventional transmission Mössbauer spectroscopy.
Second, new results on the local electronic state of Fe21
in hedenbergite CaFeSi2O6 at high pressures up to 68 GPa
are presented.

NUCLEAR

FORWARD SCATTERING

For our NFS experiments, SR of the nuclear resonance
beam line (ID18) at the European Synchrotron Radiation
Facility (ESRF) was used (see Rüffer and Chumakov
1997 for review). The duration tp of the SR pulse was
generally much shorter than the half life time t of the 57Fe
first exited state, which was 98 ns. However, the time
interval between pulses should be longer than, or at least
comparable with t. The storage ring at ESRF was operated in ‘‘16 bunch mode,’’ i.e., with 16 equally spaced
bunches per revolution period. The SR pulses had a duration of about 100 ps and intervals of 176 ns between
them. The SR from the undulator was monochromatized
in a first step by a two bounce Si (111) face monochromator, providing an energy bandwidth of about 2.8 eV at
14.4 keV. The resulting radiation was monochromatized
in a second step to a bandwidth of about 0.006 eV by a
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high-resolution monochromator, which consisted of two
channel-cut silicon crystals of asymmetric (422) and symmetric (12,2,2) faces. The arrangement of the monochromators and high-pressure cell for the experiment is shown
in Figure 1.
The maximum beam current of electrons in the ring
was about 90 mA. The beam size of collimated SR from
the high-resolution monochromator was about 0.4 mm 3
2.0 mm. This beam was collimated by the sample hole
of the rhenium gasket in the high-pressure diamond-anvil
cell (DAC). In the detector system, the counts of the
prompt electronic scattering and the delayed NFS pulses
from the sample were recorded by a fast avalanche photodiode (Fig. 1). The delayed count rates from a sample
without the DAC were e.g., about 230 counts/s with the
DAC between 1 and 8 counts/s, depending on sample
thickness. The accumulation time for one spectrum varied
between 0.5 and 3 h. For a time spectrum (e.g., of hedenbergite in the DAC) the accumulation time was more
than 100 times shorter than for a Mössbauer spectrum
with comparable quality obtained from the same sample
using B4C anvils (10 mCi 57Co source with 3 mm2 active
area) as described by Zhang and Hafner (1992).
While SR passes through the sample, 57Fe nuclei are
excited resonantly, without recoil, and decay afterward to
the ground state. The decay curve P(t) is measured in a
detector system and recorded in a multichannel analyzer
as function P of the time from the excitation by SR pulse.
From the shape of P(t) (which depends on the life time,
splitting of the nuclear levels, and the effective thickness
of the sample) the Mössbauer-Lamb factor and the hyperfine interaction parameters may be determined as described below.
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