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Presentation Notes
Thank you, Yanbin. I would like to talk about the recent developed DAC techniques at SPring-8 to study deep Earth’s materials. This picture is little old, because Spring-8 is starting the construction of x-ray FEL facility.
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A lot of x-ray techniques have been developed in third generation synchrotron facilities. This is SPring-8 beamline map. At these marked beamlines, the high pressure experiments were performed and operated characteristically. Among them, BL10XU and BL04B1 are the exclusive beamlines for use of high-pressure studies. 


High pressure experiments at SPring-8.

Large volume (multi-anvil) press : BL0O4B1, BL14B1, BL22XU
ED-XRD, radiographic imaging, ultra-sonic technique, etc.
Diamond anvil cell : BL10XU and others
AD-XRD with laser heating, a lot of SR technique

Keys for studying the deep Earth’s materials
) ~ experiments under multi-megabar condition
*Increase pressure (temperature) limit
* high flux x-ray beam technique

Outline
 BL10XU : high pressure x-ray diffraction station

(1) X-ray focusing optics : XRD under multi-megabar
(2) simultaneous measurement system of Brillouin spectroscopy
and XRD with LH.

* New attractive measurement technique :

Energy-domain synchrotron radiation Mossbauer spectroscopy
using high-flux neV resolution x-ray beam.
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Using large volume presses at BL04B1, various techniques were developed such as radiographic imaging, ultra-sonic technique and so on. On the other hand,  a lot of synchrotron techniques of DAC have been developed at many beamlines. The multi-megabar technique and corresponded high flux x-rays technique become keys for studying the deep Earth's materials..

I would like to talk about three topics written as below. First is new x-ray focusing technique to generate XRD experiment under multi-megabar condition. Second is a recently installed simultaneous measurement of XRD and Brillouin scattering with leaser heating. Next is new attractive technique, which is a energy-domain synchrotron radiation Mossbauer spectroscopy.
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Akahama-san is one of powerful users of BL10XU, and he has recorded the highest pressure in SPring-8. This figure shows an x-ray diffraction profile of Molybdenum at 408 GPa. By using newly developed x-ray focusing optics, very clear x-ray diffraction profile from sample could be observed, while the diffraction peaks from Re gasket were very weak. In addition, we were surprised that diffraction peaks from sample were very sharp.
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We chose x-ray refractive lens, because x-ray lens has large aperture and long focal length. This lens system is tandem type. The first lens has large aperture in order to catch 1 mm size of undulator x-ray source, and its focal point is 16 m downstream. The focused beam size is about 50 um. We can never say this focusing is perfect, but it works well as a beam flux condenser and it keeps small x-ray divergence as well as that of undulator source. The second lens was recent installed plastic lens, which was made with sub-micron order precision by using LIGA technique. We bought it in early this year from ANKA company of Germany. The x-ray focal length of this lens is 50 cm, and the aperture is about 100 um.
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for multi-megabar high pressure (and multi-thousand Kelvin) experiments
with very good statistic and rapid XRD measurement
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By using the second lens, beam was focused to 7 um vertical and 10 um horizontal in FWHM. These are XRD profiles of pure iron at the same sample and same pressure of 250 GPa. Left hand side is used both first and second lens, but right is without second lens. Both we used a 15 um diameter clean-up pin-hole, and exposure time was 1 minute for imaging plate detector. The result shows that its effective intensity again was about 500 times. This system have been used for multi-megabar high pressure experiments with very good statistic and rapid XRD measurement.
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Next, I would like to talk about our new developed system, High pressure and high temperature in-situ Brillouin spectroscopy using infrared laser heating system combined with XRD. Such combined system of XRD and Brillouin spectroscopy have been presented in the last talk of Vitali. The characteristic of our system is a combination of infrared laser heating,.
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Brillouin scattering & A-ray diffraction simultaneously mea
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In order to interpret seismic observation in Earth’interior

and global seismological models.
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The Earth’ interior model was constructed by seismic analysis, and it is well-known the existence of the sound velocity distribution, in all mantle region. In order to interpret such models, we have to understand elastic properties of minerals under Earth’s interiors condition. From Brillouin scattering spectroscopy, we can measure the sound velocities directly. By using materials density data from x-ray diffraction, we can calculate the shear modulus and bulk modulus.
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New comoined system

Performance, Sample/measurement condition

Specimen : multi crystal (powder, only transparent sample)
Pressure range , DAC

Temperature : ~ 3500K, Laser Heating

Sound velocities measurement : Brillouin scattering spectroscopy
Sample density : x-ray diffraction (with pressure standard)

System components

Brillouin scattering : Fabry-Perot interferometer,
symmetric geometry

Laser Heating : CO, laser (sample’s transparency.
Temperature is measured from spectroradiometric method)
X-ray diffraction : BL10XU x-ray (50keV) & x-ray CCD
(lattice parameters, pressure measurement, sample phase
monitor)
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The system performances and components are written here. From the request to conduct Brillouin scattering spectroscopy, sample’s transparency is necessary. So we selected a CO2 Laser. This system was constructed at BL10XU. 


Combined sy

L aser heatin

Sandercock-iype
B tandem Fabry-Perot
{ntroler interferometer

I — |

Diode-purnped
laser, 532 nm

stemn at BL10XUISPring-

The system consists of three components,

emperatun (1) Brillouin specrtometer
jeasuremer Fapbre-Perro interferometer
system DAC stage (XYZ)

neavy-duty linear translation stages
(2) X-ray diffraction system
X-CCD, Focused x-ray beam(50keV)
(3) Laser heating optics
- CO, laser, Spectroradiometric temperature
measurement system

GG@

™
monfor

Brillouwin scatterimg measurement system


Presenter
Presentation Notes
This system consists of three components. The Brillouin scattering spectrometer is mounted on pentagonal optical bench. Sandercock-type Fabri-Perror interferometer is used as a high resolution spectrometer. All optics of Brillouin spectroscopy is fixed on the optical bench with DAC. In order to align to the x-ray beam, this optical bench is mounted on a heavy-duty linear translation stages for vertical and horizontal motions. The incident and scattered beam axes are symmetrically fixed as 50 degrees. The x-ray diffraction unit is aligned this direction. XRD detector is x-ray CDD and x-ray energy is about 50 keV. CO2 laser heating component including spectroradiometric temperature measurement system are aligned in opposite side of Brillouin spectrometer. This photograph was took from this side. All these components are conducted in a same horizontal plane. At the sample position, 6 or 7 beams are crossed with less than 5 microns precision. 
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This slide shows you two preliminary results. At the first experiment, the sample is MgO polycrystalline. The photographs show before and  during heating by CO2 laser. The pressure and temperature conditions are 49GPa and 2300K. In-situ measurement of Brillouin scattering and x-ray diffraction are here. The next is the case of ice and water.  These images show before heating, low power heating which ice is partially melt, increasing power, and doing in-situ Brillouin scattering measurement at this moment. Here, the Brillouin scattering spectra and x-ray diffraction profiles are shown, respectively. All components were ready and the experiments had started from this October. New result will be coming soon.
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The last of my talk is about the resent developed energy domain synchrotron radiation Mossbauer spectroscopy. This system was developed by Dr. Mitsui and co-worker. Dr. Hirao and I were responsible for high pressure applications.. 
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Energy-domain SR Mossbauer speciroscopy

Behavior of iron in deep Earth materials under high pressure
differentiation of the early Earth, subduction and upwelling in the mantle,
formation of the Earth's magnetic field

Mossbauer spectroscopy for studying deep Earth’s materials
one of powerful methods to study the electronic and magnetic structures

of iron and iron containing materials

- MS from conventional radioactive source
- MS from time spectrum by nuclear resonant scattering at SR

- Energy-domain synchrotron radiation Méssbauer spectroscopy
by collimated SR x-ray and neV high energy resolution technique

5CO  pecitia ED-SR-MS
scillation Oscillation
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velocity T > well collimated high flux velocity
and high energy resolution x-ray beam
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In geophysics and mineral physics, much attention has been focused on the behavior of iron in deep Earth materials under high-pressure conditions. The Mossbauer spectroscopy is one of powerful methods to study iron and iron containing materials.

We have developed a new energy-domain synchrotron radiation Mossbauer spectroscopy system. Because of this method uses a much well collimated and intense and high energy resolution x-ray beam, this method is close to that of conventional radioisotope source, rather than that of time spectrum using synchrotron radiation.

Its characteristics are written here. We can obtain conventional Mossbauer spectrum directly. High collimated and intense beam is effective to DAC experiment. And there are no limitation from synchrotron operation modes. 
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neV resolution A-ray source
for
MoOsspauer speciroscopy

A;single-line MdOssbauer filtering technique

Doppler energy shift of Méssbauer absorption

Intensity

Nuclear resonant filtering of
synchrotron radiation by pure
nuclear Bragg reflection of
>’FeBO, single crystal

Natural line width

*high collimated and neV - 0.19 mmis

energy resolution x-ray beam Energy E,: Resonant energy of a
nuclear analyzer crystal

Electronically forbidden and nuclear

E
SR . allowed Bragg reflection of S’FeBO, (333)
Transition energy (pure nuclear Bragg reflection)
14.4 keV

AE~neV

(nuclear Bragg reflection
= the natural width of the nuclear level)

Smirnov et al. (1997) Phys. Rev. B 55, 5811.
Mitsui et al. (2007) Jpn. J. Appl. Phys. 46, L821
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The neV resolution x-ray source for mossbauer spectroscopy was created by nuclear resonant filtering method. At the condition of Neel temperature in magnetic field, nuclear Bragg reflection of iron-borate becomes the natural width of the nuclear level. When we select a forbidden Bragg reflection of perfect single crystal, we can obtain only pure nuclear Bragg reflection such as high collimated and neV energy resolution x-ray beam.
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Experimental arrangement for energy-domain SR
MoOsspauer speciroscopy ancd DAC
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Figure. Exparimantal setup for the enargy-domain SR *'Fe-Mossbauer spectroscopy (Mitsul et al. (2007) Jpn. J Appl Phys. 46, L382]
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This slide shows an experimental layout of BL11XU. The upstream of DAC is a meV energy resolution monochromator. The x-ray was horizontally focused by multilayer mirror. In this case, a DAC was mounted on a velocity transducer. This iron-borate analyzer crystal was mounted on heater plate and in an external magnetic field. The x-rays were counted by an NaI scintillation detector. 
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As a demonstration using this method, this slide shows a result of Fe2O3 hematite under high pressure. The exposure time to measure every these data were 1 or 2 hours. The statistic quality of these data looks like as well as that of the past Pasternak’s measurement. We can see that the data shows a spin flip transition at low pressure stage, and large transition with structural transition at about 50 GPa. The 204 GPa data indicates that this phase is still stable. This result suggests that this technique is suitable for applications of high pressure experiments
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I would like to show you our future plan. For only Mossbauer measurement case, we need not to use an upstream meV monochromator. And oscillator can also move from DAC to iron-borate crystal stage. Therefore the system will become very simple, and this spectrometer can be combined with the XRD system. At DAC position, we can mount not only DAC at RT, but a cryostat, a laser heating system, and also Brillouin system.
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High-pressure researches for deep Earth’s materials
using DAC at SPring-8

BL10XU : fundamental but still upgraded

- for higher pressure (and higher temperature)
high flux x-ray beam —) tandem XCRL focusing optics
accurate XRD experiment under multi-megabar

- Simultaneous measurement (XRD & Brillouin spectroscopy)

Resent developed spectroscopy technique at SPring-8

- Energy-domain SR Mdssbauer spectroscopy
electronic and magnetic properties for iron containing materials
under deep Earth’s condition
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This is my last slide as a summery. The upgrade of x-ray focusing optics of BL10XU realized accurate XRD experiment under multi-megabar condition. We installed new simultaneous measurement system in BL10XU. And newly developed energy-domain synchrotron radiation Mossbauer spectroscopy is very attractive for deep Earth science. 

Thank you for  your attention. 
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