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Report:

The aim of this experiment is to measure in situ the density of amorphous systems that are composed of light
element using a novel technique. The materials investigated are glasses with relevant silicate composition for
the earth’s interior with: Si02, MgSi0O3 and MgFeSi103. Such data are crucial to understand the behaviour of
matter under high pressure but moreover, phenomenon that occur in glasses can be also extrapolated to melt
with the same composition and give more information about the past and actual picture of the Earth interior.
Indeed, melting processes have a crucial importance in the evolution and differentiation of the Earth
throughout its history. Deep magma ocean of 1000km or more have lead to the segregation of the core during
the accretion stage of the Earth formation [1]. A basal magma ocean may have been sustained at the interface
between the mantle and core due to an accumulation of high density melts or a hot core [2,3,4]. Still today,
the fate, amount and behaviour of melts at this interface have not been clarified.

To achieve our goal, we adapt and develop a new technique for the diamond anvil cell (DAC) inspirited from
large volume experiments [5]. The principle of the technique is quite simple and uses the absorption contrast
of a focus X-ray beam. It requires the ability to measure precisely the dimension of the sample and get its
absorbance at the different pressure conditions. To be able to record the absorbance of the sample, we
confined the glasses in Beryllium gasket and squeezed them between the two diamond anvils. The sample
was rastered in the beam to obtain maps through the anvils from which we could measure the path length of
the sample, as defined by the rim of the sample in the gasket hole. The DAC was then rotated at 90 degrees to
collect the absorbance of the sample through the Be gasket. At ID13, the beam was focus to 2x2 micrometers
FWHM (bigger than requested in the proposal, see limitation section) and we could measure the sample
absorbance up to 130 GPa with this technique with a final sample thickness of 5 microns. For higher pressure
or thinner samples, a smaller beam is required.



The data are treated as followed:
- the distance of the sample in the gasket, which correspond to the path length of glass that is exposed
to X-rays is measured through the maps collected through the anvils, figure 1.
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Figure 1. Absorption contrast map of the sample through the diamond anvils. From the map we can set the
rim of the sample, which defines the dimension of the sample. The path length is then used in correlation to
the absorption scanned at 90 degree to get the absorbance at the relevant PT conditions.

- The maps collected at 90 degrees are used to calculate the corresponding absorbance spectra for the
different path lengths obtained in the previous step, figure 2.
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Figure 2. Absorption map and scan through the Be gasket. The spikes are removed from the absortion scan
before data treatment. The absorption scan is then correlated with the path length obtained in the previous
step to get the absorbance and finally the density

The combination of the path lengths (through the diamonds) with the variation of intensities (through the Be
gasket) is used to calculate the absorbance of the sample with a beer-lambert expression:

-logio (1/1y) = (uupx) (1)



I and [, being the the instensities of the beam after and before the DAC respectivly, x is the path length and
rp the absorbance of the sample at the P-T conditions of the experiment. Finally, the density is directly
calculated through the following expression:
pup /Mup = po/Mo - (2)

Uo 1s the absorption value for the glass of interest at room conditions measured on double polished thin
sections of the staring material. In our case thin sections of 0.7 mm were scanned during the beam time to get
this value. pp was measured after the beam time using a sink/float method on the exact same piece of glasses
that were measured with the X-rays.

Results:

Here we show some preliminary results on MgSiO3 glass up to 15 GPa figure 3. A disc of 50 micrometres
diameter and 13 micron thickness was cut with an FIB and loaded in the DAC with methanol/ethanol as
pressure medium and compressed up to 15 GPa. The data are compared with measurement using Brilliouin
spectroscopy in DAC [6] and with recent Ab initio calculations [7].
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Figure 3. Results for sample 6 in methano-ethanol up to 15 GPa and compared with litterature data.
Main problems and limitations:

- We identify the main limitation of the technique to be the beam size. For this experiment the beam
size at 13.2 keV was 2x2 FWHM which means a full beam of about ~ 3x3 micrometres. The ideal
situation would be a full beam with a maximum size of 1x1 micrometres, meaning 0.5x0.5 FWHM at
an energy of maximum 13 keV, lower would also improve the data quality.

- The possibility to place the sample on the rotation axis at the focal point of the X-ray, while requested
several months prior to the beam time, would have saved us precious measurement time as well.
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