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X-ray Absorption Spectroscopy (XAS) and X-ray Magnetic circular dichroism (XMCD)
performed simultaneously is a powerful technique to investigate condensed matter
properties under high pressure. The high sensitivity of XMCD allows us to follow the
magnetic transition and to correlate it to the local structure followed by XAS. Thus, we can
obtain simultaneous information on the magnetic state and on the structural properties of
the system (both determined under the same thermodynamic conditions) by probing the
same volume of the sample.

These experiments have been performed on 1D24, the energy dispersive beamline. The
high flux, the beam stability, the highly focusing optics and the use of a quarter wave plate
to produce circularly polarized X-rays, make this beamline particularly suited for
combined XAS/XMCD high pressure measurements with a Diamond Anvil Cell (DAC)
[1]. In particular, the small focal spot on the sample (about 5 by 5 um? FWHM at the Fe-K
edge) is an important factor to decrease the effect of pressure gradient inside the
experimental volume of the DAC.

The Iron a—e phase transition case is a good example to illustrate the possibility of
combined XAS/XMCD on an energy dispersive beamline [2]. Under the application of an
external pressure, Iron undergoes a transition around 13 GPa from the bcc o phase to the
hcp € structure, with the loss of its ferromagnetic long range order. Despite many
experimental and theoretical investigations, the mechanism of this phase transition is still
not clear. We took advantage of the combination of the two techniques to probe
simultaneously the structure and the magnetic state. The magnetic and structural transitions
are sharp, both are of first order and the pressure domain of the transition is about 2.4 GPa
*+ 0.2 GPa. Our data seems to indicate that the magnetic transition slightly precedes the
structural one, suggesting that the origin of the instability of the bcc phase in Iron with
increasing pressure could be attributed to the effect of pressure on magnetism.

Investigation of the invar effect on Iron based alloys like FesC [3], FesPt and FeggsNio 36
will be also presented. These experiments confirm the 2y-state model in terms of gradual
population of a low spin-small volume state at the expense of a high spin-large volume
state under pressure. Only some results obtained on Fege4Nig 3 diverge curiously from this
model, suggesting that the preparation and the magnetic history of the sample seems to be
of crucial importance.
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