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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.



High Pressure  Research at SPringHigh Pressure  Research at SPring--88

SPring-8

●BL04B1
Large Volume Press

●BL01B1
XAFS/DAC ●BL02B1

Single Crystal Study
X-ray diffraction

●BL09XU
NRIXS

●BL14B1
X-ray Diffraction : LVP

●BL22XU
X-ray Diffraction：DAC (LT, Single Crystal.)

: LVP

●BL39XU
X-ray Magnetic Circular Dichroism

●BL43IR
Infra Red Spectroscopy

●BL35XU
Inelastic scattering

●BL40XU
XRD: Time Resolved Exp.

●BL04B2
High Energy X-ray Diffraction

●BL10XU Exclusive HP station
X-ray Diffraction using DAC

●BL08W
Compton Scattering

●BL12XU,B2 (Taiwan)
NRIXS, XAFS

●BL11XU
NRIXS, Mössbauer spectroscopy 

Presenter
Presentation Notes
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. 



OutlineOutline
・ 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 Mössbauer spectroscopy
using high-flux neV resolution x-ray beam.

High pressure experiments at SPringHigh pressure experiments at SPring--88..
Large volume (multiLarge volume (multi--anvil) press : BL04B1, BL14B1, BL22XU anvil) press : BL04B1, BL14B1, BL22XU 

EDED--XRD, radiographic imaging, ultraXRD, radiographic imaging, ultra--sonic technique, etc.sonic technique, etc.
Diamond anvil cell : BL10XU and others Diamond anvil cell : BL10XU and others 

ADAD--XRD with laser heating, a lot of SR techniqueXRD with laser heating, a lot of SR technique

Keys for studying Keys for studying the deep Earththe deep Earth’’s materialss materials
~ experiments under multi~ experiments under multi--megabar condition   megabar condition   

* increase pressure (temperature) limit* increase pressure (temperature) limit
* high flux x* high flux x--ray beam techniqueray beam technique

Presenter
Presentation Notes
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.



XRD under highest pressure at BL10XU XRD under highest pressure at BL10XU 
Mo at 0.4 Mo at 0.4 TPaTPa : X: X--ray focusing opticsray focusing optics

Presenter
Presentation Notes
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.



Focusing optics by using double Focusing optics by using double lenslens systemsystem

DAC

Undulator
double crystal (diamond 111)
monochromator

DSS
CR Lens

BL10XU Optics Hutch

Experimental Hutch 2
High Pressure XRD

IP

YAG

X- CCD

Cryostat YLF
      or

Experimental Hutch 1

X- CCD

Brillouin spectrometer

CO2 laser
heating

(3)

2nd CRL

GC lens

UpUp--stream focusing lens : large aperture (beam condenser) & long fostream focusing lens : large aperture (beam condenser) & long focal distancecal distance

22ndnd lens : microlens : micro--beam & high flux densitybeam & high flux density

10 mm

Glassy-Carbon CRLs

ANKA, GermanyANKA, Germany

16m16m

Presenter
Presentation Notes
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.



Focused xFocused x--ray beam profilesray beam profiles

Example: Fe (250 GPa)
Effective intensity again
500 times (as the same exposure time)

X-ray divergence (angler resolution)
≒0.01deg. (100μm/55cm, 0.2mrad)
(the case of first lens only）
：0.003deg. (0.5mm/11m)

for multifor multi--megabar high pressure (and multimegabar high pressure (and multi--thousand Kelvin) experiments thousand Kelvin) experiments 
with very good statistic and rapid XRD measurementwith very good statistic and rapid XRD measurement
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Horizontal position [μm]

@30 keV
Be-CRL: 66
4D Slit: 100 μm x 100 μm
SU8-CRL: 8th
Collimator: A1 φ15 μm
Horizontal

σ = 4.8(2) μm
FWHM = 9.5(3) μm

9.5 μm
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Vertical position [μm]

@30 keV
Be-CRL: 66
4D Slit: 100 μm x 100 μm
SU8-CRL: 8th
Collimator: A1φ15 μm
Vertical

σ = 3.7(1) μm
FWHM = 7.3(2) μm

7.3 μm

Vertical

10 um7 um

Beam profile : FWHMBeam profile : FWHM
~ 7 um (vertical)~ 7 um (vertical)
~ 10 um (horizontal)~ 10 um (horizontal)
At sample (DAC) positionAt sample (DAC) position
(knife edge method)(knife edge method)

XRD under 250 GPaXRD under 250 GPa

with 2with 2ndnd lenslens

15 um15 um

Presenter
Presentation Notes
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.



High pressure and high temperature High pressure and high temperature 
inin--situsitu Brillouin spectroscopy Brillouin spectroscopy 

using using infrared laser heatinginfrared laser heating combined combined 
with XRD at SPringwith XRD at SPring--88

Motohiko Murakami
Okayama University

Yuki Asahara , Naohisa Hirao, Yasuo Ohishi
Japan Synchrotron Radiation Institute

Nagayoshi Sata 
IFREE/AMSTEC

Kei Hirose
Tokyo Institute of Technology

Presenter
Presentation Notes
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,.



Brillouin scattering & XBrillouin scattering & X--ray diffraction simultaneously measurementray diffraction simultaneously measurement

sound velocity

Vi = ⊿ωλ/2sin(θ/2), 
i = s (transverse), p (longitudinal)

（in a symmetric scattering geometry）

adiabatic bulk modulus

shear modulus

Ks = ρVp2 – 4/3G

G = ρVs2,
ρ（density from XRD）

In order to interpret seismic observation in In order to interpret seismic observation in EarthEarth’’interiorinterior
and global seismological models.and global seismological models.

existence of the sound velocity distribution

elastic properties of minerals under Earthelastic properties of minerals under Earth’’s interiors conditions interiors condition

Presenter
Presentation Notes
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.



New combined systemNew combined system

Performance, Sample/measurement condition 
Specimen : multi crystal (powder, only transparent sample)
Pressure range : ~ 150GPa, 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 : CO2 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)

Presenter
Presentation Notes
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 system at BL10XU/SPringCombined system at BL10XU/SPring--88
The system consists of three components,The system consists of three components,
(1)(1) Brillouin Brillouin specrtometerspecrtometer

FabreFabre--PerroPerro interferometerinterferometer
DAC stage (XYZ)DAC stage (XYZ)
heavyheavy--duty linear translation stages duty linear translation stages 

(2)(2) XX--ray diffraction systemray diffraction system
XX--CCD, Focused xCCD, Focused x--ray beam(50keV)ray beam(50keV)

(3) Laser heating optics(3) Laser heating optics
COCO2 2 laser, Spectroradiometric temperature laser, Spectroradiometric temperature 
measurement systemmeasurement 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. 



Preliminary ResultsPreliminary Results

Experiment (2)

Experiment (1)

Microscopic views of H2 O (a) before heating 
(6 GPa) and (b) at melting temperature, (c), 
(d) at 2200 K and during Brillouin 
measurement.

Brillouin scattering spectra and XRD profiles of 
H2 O before heating (6 GPa) and at melting 
temperature, at 2200 K and after quenching.

A

B

C

Microscopic views of polycrystalline 
MgO before laser heating (42 GPa) and 
on laser heating (49 GPa, ~2300 K).

Brillouin scattering spectra of MgO XRD of MgO

Presenter
Presentation Notes
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.



The resent developed  energyThe resent developed  energy--domain domain 
synchrotron radiationsynchrotron radiation 

MMöössbauer spectroscopy at SPringssbauer spectroscopy at SPring--88

Takaya Mitsui
Japan Atomic Energy Agency

Makoto Seto, Yasuhiro Kobayashi, 
Satoshi Higashitaniguchi

Kyoto University, CREST

-- High pressure applicationsHigh pressure applications
Naohisa Hirao, Yasuo Ohishi

Japan Synchrotron Radiation Institute

Presenter
Presentation Notes
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.. 



EnergyEnergy--domain SR Mdomain SR Möössbauer spectroscopyssbauer spectroscopy
Behavior of iron in deep Earth materials under high pressureBehavior of iron in deep Earth materials under high pressure
differentiation of the early Earth, differentiation of the early Earth, subductionsubduction and upwelling in the mantle, and upwelling in the mantle, 
formation of the Earth's magnetic fieldformation of the Earth's magnetic field

MMöössbauer spectroscopy for studying deep Earthssbauer spectroscopy for studying deep Earth’’s materialss materials
one of powerful methods to study one of powerful methods to study the electronic and magnetic structures the electronic and magnetic structures 
of  iron and iron containing materials of  iron and iron containing materials 

-- MS from cMS from conventional radioactive sourceonventional radioactive source
-- MS from time spectrum by nuclear resonant scattering at SRMS from time spectrum by nuclear resonant scattering at SR
-- EnergyEnergy--domain synchrotron radiation Mdomain synchrotron radiation Möössbauer spectroscopyssbauer spectroscopy

by collimated SR xby collimated SR x--ray and  ray and  neVneV high energy resolution techniquehigh energy resolution technique

* Conventional M* Conventional Möössbauer spectra (NOT time spectra)ssbauer spectra (NOT time spectra)
* Highly collimated and intense photon flux* Highly collimated and intense photon flux
* Micron probes with X* Micron probes with X--ray focusing optics ray focusing optics 
> 1) Applicability to very small samples, such as ~10 micron,> 1) Applicability to very small samples, such as ~10 micron,

at at multimegabarmultimegabar pressurespressures
> 2) Quick measurements (a few hours)> 2) Quick measurements (a few hours)
> 3) Low iron> 3) Low iron--containing materialscontaining materials

* No limitation from the synchrotron operation modes (bunch mod* No limitation from the synchrotron operation modes (bunch modes)es)

57Co OscillationOscillation

velocityvelocity velocityvelocity

OscillationOscillation
EDED--SRSR--MSMS

well collimated high flux 
and high energy resolution x-ray beam

Presenter
Presentation Notes
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. 

 



neVneV resolution Xresolution X--ray source ray source 
forfor 

MMöössbauer  spectroscopyssbauer  spectroscopy

²E ~ neV

Doppler energy shift of Mössbauer absorption

Energy

Natural line width
  - 0.19 mm/s

SR

ΔE~meV

Ee1

Eg

Transition energy
14.4 keV

ΔE~neV
(nuclear Bragg reflection

≈

 

the natural width of the nuclear level)

57FeBO3 (iron borate)
single crystal

@~Néel temperature
in magnetic field

Electronically forbidden and nuclear 
allowed Bragg reflection of 57FeBO3 (333)
(pure nuclear Bragg reflection)

A single-line Mössbauer filtering technique

ΔE~meV

E0 : Resonant energy of a 
nuclear analyzer crystal

Smirnov et al. (1997) Phys. Rev. B 55, 5811.
Mitsui et al. (2007) Jpn. J. Appl. Phys. 46, L821

Nuclear resonant filtering of Nuclear resonant filtering of 
synchrotron radiation by synchrotron radiation by pure pure 

nuclear Bragg reflectionnuclear Bragg reflection of of 
5757FeBOFeBO33 single crystalsingle crystal

*high collimated and *high collimated and neVneV 
energy resolution xenergy resolution x--ray beamray beam

Presenter
Presentation Notes
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.



Experimental arrangement for energyExperimental arrangement for energy--domain SR domain SR 
MMöössbauer spectroscopy and DACssbauer spectroscopy and DAC

Presenter
Presentation Notes
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. 



MMöössbauer spectrum of Fessbauer spectrum of Fe22 OO33 
under multiunder multi--magabarmagabar
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Room temperature SR Mössbauer spectra of  57Fe2 O3 
polycrystalline at different pressure conditions. 
The solid lines are fits with Lorenzian lines. 

QS= 1.1mm/s

QS= 1.4mm/sP >

 

100

 

GPa

AP(0.1MPa) : paramagneticNéelTemp. : 955K

Antiferromagnetic-paramagnetic (Nasu, et al.,1986)
Phase transition
Distorted corundum type (Rh2O3-II) 
(Pasternak, et al.,1999; Rozenberg

 

et al., 2002)

Metal-non metal transition (Badro, et al.,2002).

P ～

 

52 GPa
QS= 1.0mm/s

123456

H=51.4T
QS= -0.2mm/s

HP phase (RT)

P ～

 

7 GPa Spin flip H=51.1T
QS= 0.4mm/s

α－Fe2
 

O3
 

(hematite : 
corundum)

Spin flip at Pc

> Tm < Tm
The results suggests that this technique 
is suitable for applications of high 
pressure experiments

- Earth and Planetary Sciences –

*Required exposure time is 1 or 2 hours
even if @ 204 GPa

*The profiles of spectrum are very good. 
*Suitable for HP experiment source

Pasternak, et al. PRL (1999) Exposure time : 1 ~ 2 hrs.
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Presentation Notes
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



Future Plan : Future Plan : 
MMöössbauer spectroscopy and XRD ssbauer spectroscopy and XRD 

simultaneous measurementsimultaneous measurement

BL11XUBL11XU

ΔΔE=2.5meV@14.4keVE=2.5meV@14.4keV
hhσσ

Si(Si(511511)xSi(975))xSi(975)
Si(111)Si(111)xSi(111)xSi(111)
①①

 
PMPM

②②
 

HRMHRM

VV

DACDAC

5757FeBOFeBO33

 

(333)@(333)@75.875.8

 ℃℃

MirrorMirror

SlitSlit

HH

③③
 

NMCNMC

NaINaI

11550Oe0Oe

SIngle-line ultra monochmatized beam

BL10XUBL10XU

E=14.4keV or 43.2keVE=14.4keV or 43.2keV

Dia.Dia.(111)(111)xDia.(111)xDia.(111)
VVDACDAC

5757FeBOFeBO33

 

(333)@(333)@75.875.8

 ℃℃

XCRLXCRL

SlitSlit

HH

NMCNMC

NaINaI

11550Oe0Oe

SIngle-line ultra monochmatized beam
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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.



SummarySummary

HighHigh--pressure  researches for deep Earthpressure  researches for deep Earth’’s materials s materials 
using DAC at SPringusing DAC at SPring--88

BL10XUBL10XU : : fundamental  but still upgraded fundamental  but still upgraded 

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

-- Simultaneous measurement (XRD & Brillouin spectroscopy)Simultaneous measurement (XRD & Brillouin spectroscopy)

Resent developedResent developed spectroscopy technique at SPringspectroscopy technique at SPring--88
-- EnergyEnergy--domain SR Mdomain SR Möössbauer spectroscopyssbauer spectroscopy

electronic and magnetic properties for iron containingelectronic and magnetic properties for iron containing materialsmaterials
under deep Earthunder deep Earth’’s conditions condition

Presenter
Presentation Notes
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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