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Outline

Ellipsometric pump-probe measurements of WDM 

+ Diffuse scattering of probe pulse
+ White-light femtosecond probe beam 

for frequency dependence of AC conductivity
+ Data reconstruction technique to identify surface expansion 

and detect sharp interface inside plasma
+ New EOS calculation and proposal to obtain critical point of metal

*Electron localization in WDM (low conductivity, metal-insulator transition)
*Positive-negative ion plasma in WDM
*Two phase fluid region (gas & liquid)( droplet formation, EOS in 2 phase, .. )
*….



Purpose of this study

Warm dense matter: 
Material properties between solids(liquid) and plasmas

There are a lot of new physics and many uncertain phenomena.

*Chemical force(condensed matter) ~ 
Coulomb force(ideal plasma)

*Electron degenerated plasma 
(Giant planet interior material)

*Strongly coupled plasma

*Metal-insulator transition(minimum 
conductivity, similar to Anderson transition?)

*Two phase region [gas and liquid]
(droplet or debris formation)
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Constant entropy curves
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Adiabatic expansion

We need
heating faster than expansion, and measurements with high resolution.
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Ellipsometric pump-probe 
measurements

in WDM

•X-Y plot (Rp/Rs vs. F(Rp, Rs, δp-s))
•Reconstruction method with Fresnel’s law
•Diffuse scattering measurements
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What optical electromagnetic waves see

Reflection at sharp boundary
Impedance miss-matching

r =
(n + ik) −1
(n + ik) +1

=
ε1 + iε2 −1
ε1 + iε2 +1

Propagation in the expanded matter
n(x), k(x)

n2, k2, d
3 Stokes’
Parameters
or
Rp, Rs, δp-s

AC conductivity
electron mobility+atomic polarizability

Droplet formation when? how?  
Critical point, two fluid region
Conductivity of fluid with droplet 

reconstruction method

diffuse scattering



To check starting time when expansion component cannot be neglected.

0

0.2

0.4

0.6

0.8

1

1.2

1.4

0 500 1000 1500 2000

Au shot 021114-4-1 Rp signal

R
p

time(fs)

measured 
reflectivity

from Fresnel’s lawcold parameter

t=ts

t0

single interface

)exp()tan( Δ= iϕρ

F=2

Fresnel’s
law

measured parameters

Stokes’ parameters
s1(t), s2(t), s3(t), 
(s0)  
F=3

available No

t < ts ts < t
expanded plasma

time

F>3plasma

(t s
-t 0

) [
fs

]

Pumping intensity [W/cm2]

0

200

400

600

800

1012 1013 10
14

Pumping intensity [W/cm2]

0

200

400

600

800

1012 1013 10
14

(t s
-t 0

) [
fs

]

Pumping intensity [W/cm2]

(t s
-t 0

) [
fs

]

Pumping intensity [W/cm2]

0

200

400

600

800

1012 1013 10
14

Pumping intensity [W/cm2]

0

200

400

600

800

1012 1013 10
14

O
ns

et
 ti

m
e 

of
 e

xp
an

si
on

 [f
s]



0

0.2

0.4

0.6

0.8

1

0 0.2 0.4 0.6 0.8 1

Au+Au vapor

0.6+0.1i
0.6+0.15i
0.6+0.2i 
0.6+0.3i
0.6+0.5i
0.6+0.7i
start

Y

X

20A/dot

d=200A

d=100A

d solid

Very sensitive to optical constant and thickness of plasma 

Y
( )
22

43

43 sin2
Y

PS

PS

RR

RR
II
II

+
=

+
−

=
δ

0

0.2

0.4

0.6

0.8

1

1.2

1.4

0 500 1000 1500 2000 2500 3000 3500

040607-4

i12
i34

time [fs]

i 12
, i

34

Change of polarization state of probe beam with target heating

2

2

1

2X
s

p

R

R
I
I

==

X

cold solid(before heating)



Strong reduction of AC conductivity 
in Gold
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experiments
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Multi frequency probe of warm dense Au plasma
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Reconstruction method shows surface expansion   

Probe laser of longer wavelength looks at deeper region?



Different frequency probe observes different plasma?
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Electron localization in WDM
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Two phase region 
Droplet formation
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Summary

1. Strong reduction of AC conductivity is observed in ellipsometric measurements.

2. Frequency dependence also denotes small contribution of free-electron.  

3. We observed some evidence of Au+-Au- plasmas.  

4. These results  give us the evidence of localization of electron in WDM.

5. Diffused scattering signal due to reach the two phase boundary can be detected.

6. Droplet formation looks very fast.

7. New EOS for Tin. We propose new measured method to detect critical point for 

metals.




