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BM-D Specs: ID-D Specs:

Beam size (um at FWHM) 6 (H) x 15(V) 5 (H) x 5(V)
Energy range 5-75 keV 5-45keV
Flux (photon/s) at the 5x108 5x1011

sample position at 37 keV
X-ray detectors MAR-IP, MAR-CCD




Diamond Anvil Cell Techniques at 6SECARS

RKR-vray techniques

» X-ray diffraction
» X-ray transmission scattering
> X-ray absorption spectroscopy
» X-ray emission spectroscopy

- » X-ray Raman spectroscopy
» X-ray radiography
» EXAFS

NNS and IR technigues

» Laser heating '
» Brillouin spectroscopy ,
» Raman spectroscopy spectrometer
» Fluorescence spectroscopy

- » Temperature measurements

X-ray detector
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Double side laser heating at 13-IDD

Filter: *
Beam shaping optics %D ccD

Spectrometer
Spectrometer

3 P
N b &6 Filter
100W Fiber Lasers Q%

\ [ J1mw diode taser

APS

B X-ra
MAR IP or CCD % N s -ray

Va4
sample













13IDD_dac_user.adl

Megzure T Dn-str mirror (., 000 0,000 Up—str mirror

e I In 13-ID FE Shutter

102.1 . mA Ii

0 0.0027 } 0 14000, Kev
14.073. Ke¥Y 3 harm
Frant ep1in B m 0, 00034 lisht epiie Station Searched

1] R0, 500 |5 0. 500 1] B L@ E@CO D

downstream = 0. 000 upstream

Lazer shutter Lazer shutter

R _scaler |

Oneshot
Photodicde | futolount

0 the urther Ion Chambers |
0.000 IiCr_ r[ggvl‘ Z 0 0

[MAR-345 TP
. Ex 0.000 |y [1o = el [0 E pane

-« IC-2 Ic-1
T Table Shutter

< —o-

[rcre L ‘. -18. = (fﬁ o

: - I- - ‘- - I_ LY setpoint and readback
MAR—CLD I In T .

—F 00

L

L]
=3040  —2540 -2040 -15.0 —1040 =5.0 0.0
time (zecd

Temperature. C [ = 538
] — Enclosure  (, 0000 Feedback Setpoint Current
beamline control sample . sanple stage 0, 0000 I Off F B59.000 | -0.271




enter

i
|
|
n

Ew

1
TRl

W

—J.598
13100:m3

Range= 0.0045  Center=  -3.98544 _ . .
Previous 1300:m3 position i= 0,890 " -39647 PDS“'D”‘ LIETIIE h'1L"t'|

Difference: -4.874 mm ¥= [ 42235 12¢ o | ot

Zoom | Plt scan| Print

Read End‘ Dplnt‘ Drerivate

Scaler # |4_ | acan Q065 |tE-'5't.I:I1 54

Mlowe | motar | 13100 ma to 23054

Prirt deri




IPG's YLR-SM Series represents a break-through
bt bt generation of diode pumped single mode CW
s | Yiterbium fiber lasers of near infrared spectral
- | range (~1070nm) with a unique combination of
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Melting of Fe-Ni alloy at 60 GPa
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Body-Centered Cubic Iron-Nickel
Alloy in Earth’'s Core

L Dubrovinsky," N. Dubrovinskaia,® O. Narygina,” I. Kantor," A. Kuznetzov,” V. B. Prakapenka,”
L Vitos,"*® B. Johansson,”* A. 5. Mikhaylushkin,®” 5. I. Simak,” I. A. Abrikosov”
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adopts a bodycentered cubic structure
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Simultaneous on-line sample monitoring in IR
(7.5-13.5 um) and visible wavelength range
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Emission spectroscopy setup
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Brillouin scattering

= Acoustic waves present in a solid due to thermal motion of atoms

= Laser light interacts with phonons (or density / refractive index
fluctuations) and is scattered with Doppler shifted frequency Adw

= |n symmetric platelet geometry the Brillouin shift is directly
proportional to acoustic velocity

V. =Awk / 2sin (0/2)

Laser
N Original
Brillouin L Several | Original
shifted, frequencies ||frequency
Vp or Vs
A A Analyser
Frequency

S. V. Sinogeikin, J. D. Bass, V.B. Prakapenka et al, Rev. Sci. Instrum. 77, 103905 2006



Brillouin spectroscopy

Advantages:

QO direct measurements of acoustic velocities
a nondestructive optical spectroscopy

a very small samples (down to 10-20 pum)

a from single crystal to non-crystalline materials

O measurements at P-T conditions of the Lower Mantle
Disadvantages: Iaselting ) Xoray
O complicated optical system

O transparent and translucent samples

Q elastic moduli only for known density
Shear: p=pV2g
Bulk: Kq=pV?,-4/3 n
Single-crystal: C;; = pV %109

7
% X-rav detector
SpeCtrometer 3

S. V. Sinogeikin, J. D. Bass, V.B. Prakapenka, Rev. Sci. Instrum. 77, 103905 2006



Why do we need Brillouin
spectroscopy on-line?

-measuring sound velocities and densities of materials
simultaneously results in a pressure scale without
reference marker and important materials properties
(equations of state, elasticity, etc) as a function of pressure
and temperature

-the experimental data collected with XRD and BS at the
same pressure-temperature conditions provide information
essential for comparing with seismic observations and
modelling the composition and evolution of the Earth

-Brillouin spectroscopy combined with XRD open a new
area of in-situ studies of materials at extreme conditions

S. V. Sinogeikin, J. D. Bass, V.B. Prakapenka, Rev. Sci. Instrum. 77, 103905 2006



To lower level iD LPp| |PRot |SSh|BS MJ I S%;zaser
M " 1D . nm
-0 Ly

‘ W bt ]

L sF2 L PMT

6-pass tandem
Fabry-Perot
M\ Interferometer

M
Upper level
; Upper optical table
* Lower (X-ray) level HMTS! HMTS \
VMTS VMTS

M 800

M 50°
M 500

Focused X-ray beam
— |

e

\ :i
Y
/ SLLB —_——

'\QB\%

S. V. Sinogeikin, J. D. Bass, V.B. Prakapenka, Rev. Sci. Instrum. 77, 103905 2006



Calibration Brillouin system with MgO
single crystal starting with [100]
direction at ambient conditions
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XRD and BS of single crystal MgO in
[100] direction in the DAC at 4 GPa
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XRD and BS of NaCl at 35 GPa
collected simultaneously
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S. V. Sinogeikin, J. D. Bass, V.B. Prakapenka, Rev. Sci. Instrum. 77, 103905 2006



Temperature control

S. V. Sinogeikin, J. D. Bass, V.B.
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XRD and BS of MgO in [100] direction
in the DAC at 8 GPa and ~800 K
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In situ XRD and BS of argon at 60 GPa and ~700 K
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Remarkable combination of in-situ high resolution
microdiffraction at HP/HT in DAC with optical spectroscopy:

*Brillouin spectroscopy
Raman spectroscopy
sFluorescent spectroscopy (ruby)

*Optical spectroscopy (500-1600 nm)

13-BM-D (GSECARS)
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13-BMD, GSECARS

The full spectroscopic characterization
of a sample is possible in-situ at
extreme high pressure/temperature
conditions with powerful combination
of x-ray diffraction, Brillouin, Raman
and fluorescence spectroscopy applied
to a single point on the sample in a
diamond anvil cell
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The gases can be loaded at pressures up to 29000 PSI (~0.2 GPa)

»Able to load many kinds of cells

»Closure mechanism with motor driven screws
»Optical access for in-situ pressure measurements
»Vacuum pump to clean system before loading
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