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D
ynam

ic com
pression: 

laser-driven shocks

> 1 kJ energy 
~10 ns pulse duration

Study: 
- equation of state and phase diagram

 
-

conductivity and transport properties 
of (pure and m

ixed) w
ater, m

ethane, am
m

onia

W
ater phase diagram

Redmer et al. (2011) Icarus
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hat to do?

H
ow

?
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O
ptical diagnostics probe the shocked sam

ple

(D
oppler velocity 

interferom
eter)

(Streaked O
ptical 

Pyrom
eter)

D
rive laser

- therm
al em

ission- T
e
m

p
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r
a
t
u
r
e

-
shock velocity 

-
reflectivity of the shock front
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D
ifferent techniques to vary P-T conditions

- D
ecaying shock: w

e explore a segm
ent 

of the m
ain H

ugoniot
- A static pre-com

pression allow
s 

to explore a colder H
ugoniot path

- The sam
ple can be dynam

ically 
pre-com

pressed: double shock
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-
Principal H

ugoniot of planetary m
ixtures

Projects

-
D

evelopm
ent of a double shock technique

-
Study of pure liquid am

m
onia

ongoing

ongoing

G
uarguaglini et al., arXiv:1804.06595, 

subm
itted to Sci. Rep.
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Principal H
ugoniot of planetary m

ixtures

D
ifferent com

positions: 
-

pure w
ater 

-
a w

ater/ethanol (C:H
:O

) m
ixture 

-
a w

ater/ethanol/am
m

onia (C:H
:N

:O
) m

ixture

D
ecaying shock

180 um

15 ns

VISA
R

SO
P

Experim
ents: 

- G
EKKO

 XII (O
saka 2016) 

- LU
LI 2000 (Palaiseau 2017)

Target filling procedure

“synthetic U
ranus”



 6  8

 1
0

 1
2

 1
4

 1
6

 1
8

 2
0

 2
2

 2
4

 4
 6

 8
 1

0
 1

2
 1

4
 1

6

Us (km/s)

U
p
 (km

/s)

w
a
te

r
C

H
O

 m
ixtu

re
C

H
N

O
 m

ixtu
re

N
e
llis, 1

9
9
7
 (C

H
N

O
)

fit o
n
 K

n
u
d
so

n
, 2

0
1
2 W

ater &
 C-H

-(N
)-O

: sam
e equation of state

N
o significant change in the U

s-U
p relation 

betw
een w

ater and m
ixtures 

The only pressure-density difference is only due to 
initial density (1.00 vs. 0.88 g/cm
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D
iscrepancies in the shock-front reflectivity

-
Fresnel: refractive index                            

-
D

rude: conductivity                    
(high frequency: only e- contribution)

planetary dynam
o m

odels 
(explain peculiar B fields)

R m
easured 

@
 2 frequencies 
for 1st tim

e

1064 nm
1064 nm

532 nm
532 nm

C:H
:N

:O
w

ater
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Study of pure liquid am
m

onia

-
Toxic 

-
Chem

ical reactions (no glue for target w
indow

s!) 
-

G
aseous at am

bient pressure, but liquid state is 
needed for shock experim

ents

Issues

D
iam

ond anvil cell
Cryostatic filling

1 bar, 25 °C

1 bar, -30 °C

15 bar, 25 °C

2 - 5 kbar

Bethkenhagen et al. (2013), JCP
-

Key endm
em

ber of planetary m
ixtures 

-
Interesting phase diagram
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Reflectivity of shocked am
m

oniaLi (2013), J.Chem
.Phys.

-
Evidence of “m

etallization” 
-

Peak around 2 M
bar to be confirm

ed (m
ore high-energy shots needed) 

-
Anom

aly around 1 M
bar? N
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Sum
m

ary

-
H

igh pow
er lasers to recreate planetary interiors in the laboratory 

-
D

ifferent com
pression techniques to explore (P, T) diagram

-
Sam

e EoS (w
ith density scaling) 

→
 planetary m

odels  

-
1st R m

easure @
 2 freq. 

→
 planetary m

odels

H
ugoniot of w

ater and C:H
:N

:O
Study of pure am

m
onia

-
D

evelopm
ent of cell + filling system

  
-

First high-pressure data: m
etallization

D
ouble shock technique

-
M

ethod developm
ent 

-
Explore phase diagram

s  
@

 low
-T

 planetary conditions

N
e
x
t
 s

t
e
p
s
…

-
Com

plete liquid am
m

onia study 
-

D
ouble shocks on m

ixtures &
 am

m
onia

-
Couple static &

 dynam
ic pre-com

pression 
-

Include X-ray diagnostics to probe 
m

icroscopical structure

L
o
n
g
 t

e
r
m

 p
e
r
s
p
e
c
t
iv

e
s
…
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