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X-ray Laser was already Demonstrated
in a Laboratory with Intense Lasers

D. Matthews et al., J. Opt. Soc. Am. B 4, 575-587 (1987)
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Fig. 5. We-like Se z-ray laser spectrum using a 2-cm amplifier.
Soft-x-ray . 63~ and 20.96-nm lines are not to seale; they are deliberately
pverexpased to show wenker lines.
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Stimulated Free-Bound Emission from X-ray Laser Pumped Plasma

Phys. Rev. Lett. 69, (1992) 77 R Kodama
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FI1G. 1. Absorption spectra {45-60 ¢V) in carbon plasmas at

FiGuR 2. Charge-state abundance in C plasmas as a function of the inident X-ray lase inten- Te=5 eV and N, =2x10% c¢m ~? as a function of the 23 nm
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Experiments on the Radiative Jet G

with the GEKKOXII Laser LEsafa U
e Laser
matrial CH,ALFe,Au pulse duration 100 ps
diametr 1600 pm wavelength 0.53 pm
ipen angle 120deg energy 500J

Intensity 2x1014w scm 2

5 selfem BSsion mage
Plasm a parameter g

E lectron Temp. shadow m age
a few 100eV-a few keV X-ray spectroscopy
density 0.0001-0.1 g/cc




X-ray emissions at same timing (1.3 ns after the laser irradiation)
suggest that diameter of jets increases with decreasing G
atomic number of the target

Jet propagation
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Radiation cooling time and the jet radius
well correlate with <Z> V

ILEOsaka Univ.

Lineouts of normalized self-emission Jet radius and radiation cooling time*
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*Radiation cooling time is by calculated parameters from

LASNEX-2D simulation

Z bar

Radiation cooling time z,

Tc = gk / Qrad
g: Energy density
d,.q - Radiation flux
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Summary

We have observed radiative cooling effect of high-Mach number P
'*ets of astrophysical interest

ILEOsaka Univ.

Dimensionless terms in astrophysical jets and our jets*

Astrophysical : . . _
iets (HH) Au jet| Fejet | Al jet [ CH jet
M 10-20 |10-50{10-405-15| 2-8 X = Viet Trag | Riey
Z 01- 10 ~2 ~2 "'7 "‘30 n:pjet/pambient
n 1-10 >>1000

- Our experimental results suggest that the radiative cooling effect is very
essential for generation of well-collimated high-density outflow.

- The radiative cooling effect is a function of atomic number of the target
(or ionization state <Z>). High-Z jets (Au, Fe) are “radiative jets”, and low-z jets
(Al, CH) are apparently near “adiabatic jets”.

- Calculations from LASNEX-2D simulation well reproduce the experimental
results. The calculations show the radiative collapse for high-Z jet.

- The radiative effect is sensitive to its radiation cooling time vs. its
hydrodynamics time.

- The dimensionless terms in our jets are relevant to those of astrophysical jets
except for the density ratio n. This should be improved using foam
(or gas-bag) targets.



Several efforts are done to create radiative

blast wave with intense lasers

Xenon Hitrogen
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FIG. 2. Blast wave trajectory through
zenon  and nitrogen  gas.  After
~200ns in xenon the trajectory
changes from ¥ indicative of a
highly radiative blast wave, to 1%

1000J, 500ns

consistent with the energy conserving FIG. 3. Dark-field images of blast waves traveling through xenon (left) and
Taylor—Sedov solution. The nitrogen nitrogen (right) gas prodoced by various drive laser energies. In all cases
blast wave trajectory is always consis- drive laser enters from left. From top to bottom drive laser energies are ~—10,
tent with the Taylor—Sedov solution ~=300, and ~1000 J. There iz a contrast both in the small scale structure and
The error bars are smaller than the the laser-zide feature between the gases.

data podnts.

A. D. Edens et al., Phys. Plasmas 11, 4968 (2004)



Radiative blast wave propagates more slower
than “classical” blast wave

Classical blast wave is solved by mass, momentum, and energy conservation

with thin shell approximation (+ Rankine - Hugoniot relationships).

Mass conservation R, =27RIARp, !+ length of cylinder

4 xAR q P 1 o constant
Momentum conservation —(Mv,)=22R¢p, =27R/ap,

. . 2
- N Kinetic energy, Thermal energy E, =5 My E;= y_llﬂR ¢
M ; :
Py 4(y=)y+17 |4 E, .2
YWeloci Shell trajectory R= —(7 )(7 ) 5, t2
elocityv T 3},_1 pog

Strong radiative blast wave is solved by momentum conservation because of

radiative cooling

Momentum conservation zR’p, I’?=7zR02p0 RO

Shell trajectory R = [—




Previous work suggest thin-shelled
Instabilities can arrive in spherical geometry
when y< 1.2

Mgl Biast wave in nitrogen
gas is stable

¢

Blast wave in xenon
gas is unstable —1

J. Grun etal,
Phys. Rev. Lett. 66, 2738 (1991

200 kbar
blast wave

Vishniac
instability







High Energy-Density Science



Diamond under high pressure (over 10Mbar region) P>
and low temperature will transform to metallic phase. 0

ILE OSAKA
Previous theorefical investigation is suggested that diamond will fransform
to metallic phase of BC8 or bct-4 crystal structure.

Reference. D.A. Young and R. Grover, Shock Wave In Condnsed Matter 131 (1988)

Diamond will transform to liquid phase under 10Mbar region
by single-shock compression. Low-eniropy is required for the metallization of diamond.

Diamond Structure P(Mbar) Diamond diagram
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We have demonstrated a preliminary experiment on metallization of diamond
by high power laser to reach 10Mbar region.



The ILESTA 1D-simulation indicates that diamond is compressed

to the metallic-phase by impedance mismatching technique. ’0
v
ILE OSAKA
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In Warm Dense Matter regime large errors exist

even for most studied materials

Aluminum p - T diagram
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Energetic particles generated UUL can
heat the matter rapidly and uniformly to
create isochores (p is constant) and
release isentrops (entropy is constant)
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R. Kodama et al., Nature 432,1005,(2004)
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ILEOsaka Univ.
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R. Kodama et al., Nature 412, 798 (2001).

R. Kodama et al., Nature 418, 933 (2002).
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