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Outline

« Hydrodynamics feature in 2¢ fluid
e Metal — Non-metal transition in WDM

What for

 Searching critical point for high-temperature
melting-point metal

e EOS
e Check liquid metal model in WDM plasmas



How to create WDM

even the two phase fluid region
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We need
heating faster than expansion, and measurements with high resolution.



Measurements of ellipsometric parameter and diffuse scattering
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There are large variety of parameters.
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Gold rarefaction with recombination (t=1ps)

Gold rarefaction with recombination (t=1ps)
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We need highly spatial and temporal resolution.
X normal interferometer



Change of polarization state of probe beam with target heating
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Very sensitive to optical constant and thickness of plasma




We have measured Au, Cu, Al, W, Mo, Sn, Fe, SS304, SiO.,.

For A=745nm | |
various trajectory
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+Sn, Zn..

to be continued




+Intensity dependence data (different T,)
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Droplet formation and detection
of its signal In 2¢ fluid region



Energy density of T|n (calculatlo
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Critical point:

T~0.8eV(=9280K), p~1.5¢/cc,

Pc~370MPa

Vc=79m3/Mmol, Zc=PcVc/RTc=0.38

atom Tc[K] Pc [MPa] | VC [m3Mmol] ZC
Na 2485 25.6 76.7 0.095
Se 1903 38.0 42.7 0.103
Hg 1750 167.3 34.8 0.40
Cs 2057 14.5
Sn 8720 210 --

Pb 5400 85 --

W 230007 | >1000 --

*D. A. Young, Phase Diagrams of the Elements
** F Hensel, et al., Rev. Mod. Phys., 40, p.697 (1968)
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Time required to form droplets (expansion time + formation time)
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Time resolved diffuse scattering by Au targets

lower pump intensity higher pump intensity
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Turn-on time of W scattering is shorter than that of Au.

X=Y
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Scattering particles may have small contribution
to optical constant.
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The éJn versity of
Electre-Lommunications

To check starting time when expansion component cannot be neglected. UEC
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Metal-Nonmetal transition
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Electrical Resistivity (Ohm-cm)
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AC conductivity in Au

experiments simulations
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1,-1,)/(15+1,)

Multi frequency probe of warm dense Au plasma
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2D pump-probe image observations
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We observed bright fringe in Hg illumination spot.

80 \ T T T
70l plpT)
\ = 13.6 g/cc {1200 BAR, 20°C) P
\ == =" B
\
60— —
\
- F \ 4
§ 50 12 (1865, 650) FIG. 1, Reflectivity as a
x [ ’ 7 function of frequency at dif-
. L ferent densities. Solid
> N .
[ lines; experimental values.
= 40 Dashed lines; calculated
5 values by using Egs, (1)=(3).
5 The numbers labeled on
o 30 each line are the density
w in g/em=, the pressure
r in bar, and the temperature
- 9(1790,1440) . ——— - <] in °C.
20 - 1790,1440) 96 (1770,1300) _.57
| 83(1810,1475) - R )
°or Msg:ﬂmm 1510) -
P o= 4°(1750,1550) 5 (1875,1575) B
0 1 ] |

0 1 2 3 4
o (eV)

F Hensel, et al., Rev. Mod. Phys., 40, p.697 (1968)

Snapshots with 100-fs time resolution. Silll.excited
with 0.47 rame ¢ ;

20 ns >

D. von der Linde, Applied Surface Science 154-155(2000), p.1-10



Metal-Nonmetal transition

Hg model(5d1° 6s2)1)
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High temperature Zn goes to non-metal condition.

Zn 060216-03
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High density
metalic material
(electron rich,
Drude features)

negative-positive
lons’ plasma

e-plasma frequency
lon frequency??
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Equilibrium condition for gold plasma
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Summary

« Hydrodynamic features in 2¢ fluid region will
help to detect the critical point.

(diffuse scattering to detect droplets)

 Hg M-NM transition occurs within ~1ps. That
Indicates M-NM is located at high density In
WDM region. (1.e., above critical density)

* Phenomenon of increased reflectivity Is
observed in Hg WDM material.

e Observe Metal-nonmetal transition in Zn



