l i l p Institut de Minéralogie, de Physique des Matériaux et de Cosmochimie
l i l c Université Pierre et Marie Curie / CNRS (Paris)

UPMC

IARiI SORBONNE

Institut de Recherche
Développement
FFFFFF

Picosecond Acoustics :
a way to Thermodynamical Properties of Solids
and Liquids at Extreme Conditions

S.Ayrinhac, D. Antonangeli, M. Gauthier, M. Morand, F. Decremps

IMPMC, UPMC, Sorbonne Université, Paris, France

High-Pressure Mineral Physics Seminar (HPMPS-9)

24-28 Sep 2017 Saint Malo (France)




Outline
1. Experimental set-up
2. Some applications



1. Experimental set-up



Picosecond acoustics technique @IMPMC

Ti:sapphire
~100 fs, 80 MHz

C.Thomsen et al, PRB 34 4129 (1986)

B.Perrin et al, Physica B 263 571 (1999)

Y.Sugawara et al, Phys. Rev. Lett. 88, 185504 (2002)
F.Decremps et al, PRL 100, 3550 (2008)

Sump Pl A O M,
orobe delay line (~13.5 ns)
< : : J

ISR 2
i v i DAC
1 ‘[( :
st — PHBH—
surface
= imaging resistive
"""""""""""""""" heating

Michelson interferometer +

detection



Picosecond acoustics technique @IMPMC

diamond anvil cell (DAC)
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Picosecond acoustics technique @IMPMC

Typical signal
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Surface imaging

Y. Sugawara et al PRL 88, 185504 (2002)

in liquid Hg, at ambient
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2. Some applications
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First order phase transition

Example in liquid Ga
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S. Ayrinhac et al, J. Phys.: Condens. Matter, 27, 275103 (2015)



Sound velocity(m/s)
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S. Ayrinhac et al, JPCM 27 275103 (2015)

In liquid Ga

— From adiabatic sound velocity to
isothermal equation of state

— Numerical procedure inspired by :

Davis & Gordon JCP 46 2650 (1967)
Daridon et al, International journal of
thermophysics 19 145 (1998)
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Density of liquid Ga

7-0 L l L) L] l ) l ) I ) l L} I ) l ) I )
- e Yu(2012) T=300K
6.9 |- l—Ga + Lyapin (2008) T=285 K 7
- * Li(2014) T=300 K
6.8 - ¢ Li(2014) T=330 K 7
— 6.7 - 7
-g_ 6.6 |- o Koster (1970) -
E‘D - m  Tamura (1993) 7
6.5 | *
[sp]
S 64] *
[
- [ j —203K
2 6.3 I 323K
c 6.2 Ik
o i — 423K
O 61§ AR
X —523K
6.0 k& —_—573 K
5ok —1L 1L 1.1

0 1 2 3 4 5 6 7 8 9 10
Pressure (GPa)
— our data from sound velocity are in excellent agreement with Koster

— other thermodynamic quantities in liquid gallium

S. Ayrinhac et al, JPCM 27 275103 (2015)
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Anisotropic solid

Example in Si Experiment Simulation

Temps 7500 ps
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Tight-binding DFT
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Sound velocity in polycristalline Fe

F.Decremps et al Geophys.Lett. 41 1459 (2014)

Fe is the most abundant element in the Earth core
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Sound velocity in polycristalline Fe

—> up to 152 GPa (one order of
magnitude higher than previously
published ultrasonic data)

11500 T T T T T T T T RRAR RRLAS R~ 12500E
@QQ ] 12000 f
11000 bee-hep 103 _ 11500
10500 transition @0 E 11000 E
10000 ° 8@ o 4 3 10500 £
9500 o q 4 _ _~ 10000
T 9000 00 q 4 E é 9500 b
E ] — 9000 [
= 8500 < 3 = ;
5 Q 0 d ] 8500 E
8000 o O E 8000 f
7500 °¢_°°. Maximum effects 3 7500
7000 &0 of preferred orientations 3 7000
6s00f © E 6500 f
] 6000 E

6000 £ 85 90 95 100 105 11,0 11,5 120 125 13,0 135

0 {20 40 60 80 100 120 140 160 180 200 220 3
Pressure (GPa) Density (g.cm ~)

— density is obtained with an EOS
bcp-hep structural transition — extrapolation and comparison with
seismic model

F.Decremps et al Geophys.Lett. 41 1459 (2014) 15
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A. F. Goncharov et al, Phys. Rev. B, 95, 214104 (2017)



Compressional sound velocity (km/s)
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— Elastic properties over a large P range

A. F. Goncharov et al, Phys. Rev. B, 95, 214104 (2017)



Conclusion & perspectives

* Picosecond acoustics is an useful technic to measure sound
velocities, elastic properties, phase diagram, EOS @ HP in
solids and liquids

* Review article : F. Decremps et al Ultrasonics 56 129 (2015)

On-going developments

* Laser heating : 1000-5000 K, 0-200 GPa

 Thermal measurements (diffusivity) ?
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