17 1 Vol. 17 No. 1
2005 1 HIGH POWER LASER AND PARTICLE BEAMS Jan. 2005

Article ID 10014322 2005 01-0071-04

Simulation of Ne-like Ge 19. 6 nm X-ray laser
driven by picosecond laser pulse-
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Abstract  Transient collisional excitation TCE has proved to be an efficient method to significantly save driv-
ing energy. In this paper Ne-like Ge 19.6 nm X-ray laser driven by picosecond Nd glass laser pulse at 1. 053 wm are
simulated. The local gain greater than 60 cm ™' is predicted and calculations of the propagation of X-ray laser inclu-
ding refraction effects are done to understand which regions have the right combination of high gain and low density
gradients for an optimum contribution to the X-ray laser output.
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1 Introduction

X-ray laser has much shorter wavelength compared with other common optics laser and as one kind of light
source it has better coherence higher brightness and shorter pulse length about several picoseconds compared
with other light sources in the same spectral range. It can be used in many fields one of the important applications is
to probe the electron density of warm and dense plasma '* . Using a Ni-like palladium X-ray laser at 14.7 nm pro-

> and large 6 mm long laser-produced plasma with a few pico-

duced interferograms of a dense up to 2 x10* em~
second temporal resolution ' . Whereas the first X-ray laser was demonstrated on a huge laser facility NOVA in
LLNL in 1984 * with two optics laser beams with ~1 kJ energy each which makes X-ray laser unavailable to some
laboratories or companies. To get more compact and cheaper X-ray laser extensive experimental and theoretical works
have been done since that time and significant advances have been made especially in collisional excitation CE
scheme. To dramatically save driving energy transient collisional excitation TCE was recently proposed *~7 and was
first used to demonstrate lasing at 32. 6 nm in Ne-like titanium at the Max Born Institute ®  with less than 10 J of en-
ergy. In experiment the hydrodynamic conditions of TCE scheme can be realized by using a low intensity long pre-
pulse to produce a preplasma with rich populations of Ni-like or Ne-like ions in the ground state. After some delay
time a high intensity short pulse is used to make a jump of electron temperature. Because the gain duration is very
short ®  traveling wave pumping of the short pulse is necessary to synchronize the pump with X-ray laser along the
target axis.

In this paper we simulated the Ne-like Ge 19.6 nm X-ray laser by irradiating the 0.9 cm long Ge slab target
with a 250 ps Nd-glass laser which was preceded by a 3% prepulse 4.5 ns earlier and 40 ps later a 1 ps 10 J high
intensity short pulse heating the preplasma a ~100 um wide and ~1cm long focus line was produced. All the pul-
ses were Gaussian at 1. 053 pum in wavelength. The total energy of the double prepulses was 10 J and the quasi trave-

ling wave pump for the short pulse was adopted.

2 Simulation Results

The one dimensional hydrodynamic code Jb 1 9 was used to calculate the hydrodynamic evolution of the plasma
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and provide the temperatures and densities to the recently developed N61 code which performs the kinetics calcula-
tions to determine the gain. The 37 fine structure levels in the Ne-like Ge 113 fine structure levels in F-like Ge with
main quantum number n up to 3 and 12 fine structure levels in Na-like Ge with main quantum number n up to 4 were
considered for which the level energies and electron collisional excitation rates and radiation rates were provided by
the Atomic Group of Institute of Applied Physics and Computational Mathematics TAPCM . For higher excited states
as well as other ions the energies were calculated using the screened hydrogenic model while the collisional and ra-
diative rates were estimated using empirical formulas. To get the output intensity the results were post-processed by

the two dimensional paraxial ray-tracing code XPBA.
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Fig. 1 Output intensity vs target length for the 19.6 nm line Fig.2  Output intensity of the Ne-like Ge 19.6 nm laser line vs time

Figure 1 shows the analytical curves of the output intensity versus the target length based on the Linford formu-
la " . The small signal gain achieved is ~19.5 ¢cm™' and it decreases with the increase of the target length. The
output energy is 9.5 ] the gain length product is ~17.5 saturation is achieved.

Figure 2 shows the temporal distribution of the output intensity for the 19.6 nm X-ray laser. The short pumping
pulse peaks at 6 ps on the horizontal axis. It indicates that the 19. 6 nm laser output peaks 1.1 ps after the peak time
of the short pulse and that the X-ray laser pulse length is ~1.5 ps. Figure 2 shows that the gain region which con-
tributes most to the output is 1.1 ps after the peak time of the short pumping pulse. Figure 3 shows the plasma status
at this time including the variation of fraction of Ne-like ions and electron temperature and electron density versus
distance from target surface. The dash-dot line in figure 6 b shows the variation of gain at this time. It can be seen
that the fraction of Ne-like ions in the gain region is larger than 0. 6 and the electron temperature sharply increases to
~1.8 keV which results in the rapid rise of gain near the critical surface which is located at 10 pm on the horizontal
axis. The largest gain achieved at this time is larger than 50 cm ™' whereas this largest gain value contributes little to
the output because X-ray lines in this region will be bent out of the gain region as a result of severe refraction near
the critical surface. To give more detailed illustration figure 4 shows the tracing of the X-ray line which samples the
largest gain-length product. Figure 4 also indicates that this line starts at ~ 37.8 pum from target surface with a ~ -
6.9 mrad incidence angle with the target normal direction where the electron temperature is ~ 1.4 keV the electron
density is ~3.4 x 10 ¢m ™ and the gain is 17.5 ¢cm ™' and then it is bent inward to the target surface. At ~15 um
from target surface it samples the largest gain ~32 em ™' where the electron temperature is ~1.76 keV the elec-
tron density is ~4.7 x 10 ¢m ™ and the fraction of Ne-like ions is ~0.68. After that it is bent outward away from
the target surface. At ~38.4 pm from the target surface it travels out with an angle of ~ 6.7 mrad with the target
normal direction and the gain-length product of this line is 21.5. The main gain region which contributes most to the
output of this line is from ~ 25 wm to ~15 pum from the target surface where the gain is near 20 cm ™' and electron
density is less than 5 x 10* em >, It is also in this region that the X-ray line experiences severe refraction.

Figure 5 a shows the dependence of the output intensity on the output position of the X-ray laser in the target

normal direction and figure 5 b shows the refraction angle dependence of the output intensity. One can see that the
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output intensity peaks at ~38 pm from target surface with the refraction angle of ~ 6.8 mrad.
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Fig.5 a the output intensity vs the output position in the normal direction of the target surface

b the output intensity vs refraction angle for the Ne-like Ge 19.6 nm X-ray line
As enough Ne-like ions are produced by the two prepulses and the electron density and fraction of Ne-like ions do
not vary very much in such a short time period figure 6 shows the variation of electron temperature and gain as the

0.4 ps dash line 1.

after the peak time of the short picosecond pulse.

function of the distance from the target surface at the peak time of the short pulse solid line
dash-dot-dot line

One can see that the electron temperature does not get the peak value until 0. 4 ps after the peak time of the short

1 ps dash-dot line 2 ps and 3 ps dot line

pulse resulting in the gain peaking at this time near the critical surface whereas in the underdense region it is not
very high. The temperature near the critical surface dro ps after 0.7 ps while in the underdense region it increases to

get the largest value. Later on the electron temperature falls in the whole gain region. One important fact we must note

is that though the gain peaks near the critical surface 0. 4 ps after the peak time of the short pulse

the gain value in

the main gain region as mentioned above is not the largest until 0.7 ps later as a result of the increase of the electron

temperature which accounts for why the output peaks 1.1 ps after the peak time of the short time.
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We have tested our series code by simulating the experiments done by RAL in 2000 and in 1998 °
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compared our results with the experiment °  which is described in another in preparation. Comparison with the exper-
iment shows that within the uncertainty in measuring the X-ray laser our simulation agrees well with the experi-

ment °  which suggests that our simulation in this paper is believable.

3  Summary

In this paper we have simulated Ne-like Ge 19.6 nm X-ray laser line by irradiating ~ 0. 9cm-long slab target
with two 250 ps prepulses that is followed 40 ps later by a ~1 ps drive pulse. The Jbl19 code provides the densities
and temperatures to the atomic kinetics code N61 which determines the gain. The results are post-processed by the
ray-trace code XPBA. The temporal evolution of the plasma is studied. The output peaks 1.1 ps after the peak time of
the short pulse and the pulse length of the 19. 6 nm X-ray laser is only ~ 1.5 ps for which the main reason is the var-
iation of electron temperature. Simulations predict gains ~19.5 ¢cm ™' and the output energy is ~9.52 wJ. Ray-trac-

ing calculation shows that refraction effect is still one of the important factors affecting the TCE X-ray laser output.

The authors thank the Atomic Group of IAPCM for their atomic data and thank the coworkers in High Computation Center of IAPCM

for the convenience they provided.
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