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3 4 . Near field imaging of transient collisional excitation
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We observed the spatial profile of the transient collisional excitation Ni-like Ag laser (A^=13.9nm)for
various plasma lengths using the near field imaging method. The gain coefficient of the x-ray laser was
estimated as 24cm-1. The gain region was a 50|im crescent shape and included localized high gain areas.
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1. INTRODUCTION

Since the first demonstration of x-ray lasers was accomplished [1], compact and applicable x-ray laser systems
were intensively studied [2]. Saturated amplification of x-ray lasers with low pumping energy have been
achieved by the transient collisional excitation technique in Ne- and Ni-like series [3-6]. X-ray lasers with
wavelength around 13nm is very useful for laser processing, since it is suitable for multilayer optics. In order
to use x-ray lasers for various applications, it is indispensable to characterize the x-ray lasers in terms of the
spatial gain profile, output energy, and the far field pattern.

We have been successful in generating x-ray lasers such as the Ne-like Ti (X=32.6nm), Ni-like Ag
(X=13.9nm), and Ni-like Sn (A,= 11.9nm) in the transient collisional excitation scheme by the use of a
picosecond CPA hybrid laser system with a pre-pulse technique. We will report the near field imaging of the
spatial gain profile and far field images of the Ni-like Ag laser.

2. EXPERIMENTAL

Generating the x-ray laser, we used a CPA hybrid laser system as a pumping laser. The laser system consisted
of a Ti:sapphire front end and Nd:glass amplifiers. The Tirsapphire laser light was stretched then amplified up
to 20J with a Tirsapphire regenerative amplifier and a Nd:glass amplifier chain. To produce the nanosecond
pre-pulse, a part of the laser light after the regenerative amplifier was split and stretched again using a variable
stretcher, then brought back to the beam axis of the main pulse. The time separation between the pre-pulse and
the main pulse was adjusted to be Ins with an optical delay. The pulse duration of the pre-pulse was 600ps or
1.5ps and of the main pulse was 1.5ps after compression. The energy ratio of the pre-pulse and the main pulse
of the 600ps - 1.5ps case was 1:2 and of the 1.5ps - 1.5ps case was 1:5. The laser pulses were line-focused
onto flat slab targets of silver using an off axis parabolic mirror and a spherical mirror. The length of the line-
focusing was 6mm and the plasma length was varied by changing the target length. The x-ray lasing was
confirmed using an x-ray spectrometer.

Measuring the spatial gain profile of the x-ray laser, a near field imaging system with magnification
10 was used. The near field imaging system was constructed with a concave mirror, two planar mirrors, and a
soft x-ray CCD camera (Princeton Instrument) as shown in Figure 1. The x-ray laser light was focused at the
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Figure 1. Experimental setup

Soft x-ray CCD

CCD camera with a concave mirror of curvature 1020mm and diameter of 25mm. The mirrors were coated
with molybdenum/silicon multilayers for 13.9nm x-rays by NTT Advanced Technology Corporation. The
coating of the concave mirror and the first turning mirror were for an incident angle of 90° and of the second
turning mirror for 45°. In order to eliminate visible light and attenuate the x-ray laser intensity we used 0.2|im
thick Si3N4 filters coated with 0.15|J.m Al, 0.1|j,m Al, or 0.3|xm Y.
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3. RESULTS AND DISCUSSION

The output intensity of the x-ray laser against the
plasma length is plotted in Figure 2. The x-rays
were exponentially amplified until a plasma length
of 4mm and show saturation at plasma lengths longer
than 4mm. Since propagation time of the x-ray laser
for the plasma length of 6mm seems to have
exceeded the gain lifetime, it is better to use a
traveling wave construction for this scheme. The
gain coefficient was estimated to be 24cm-1 using
the data up to 4mm plasma length fitted to the
Linford formula [7]. The x-ray laser generation with
large gain coefficient was achieved with low energy
pumping using transient collisional excitation.

Shown in Figure 3 and 4 are the results of
the near field imaging with 600ps and 1.5ps pre-
pulse, respectively, for the plasma lengths of (a)
2.5mm, (b) 4.3mm, and (c) 6.0mm. The target
surface is on the right hand side of each image and
the pumping laser is incident from the left hand side. The target position was determined using a reference
marker on the target surface irradiated with a He-Ne laser. It was found that the target position was at the sharp
edge of the x-ray images, which are on right end in the figures. As seen in the images for the plasma length
2.5mm, two kinds of x-ray emission were observed. Emission near the target surface had a round shape and
was similar to typical plasma emission. The other emission far from the target surface was jet-like shape, which
is not analyzed yet. As seen in Figure 3 (b) and (c), crescent shape x-ray images were observed in the round
shape emission area. Since the x-ray intensity of the crescent area apparently increased with increasing the
plasma length, this area corresponds to the x-ray laser gain region. The size of the gain region was
approximately 50|im at the end of the plasma. The gain region was 30-50|im distant from the target surface
and there was no gain in the jet shape emission area. It can be the center of the plasma generated with first
pulse was heated with the second pulse and over ionized, so that the gain region formed around the over heated
area and became crescent shape.

Very intense spots appeared in the gain region with the plasma length longer than 4.3mm. The size of
the intense spots were 10-20|j.m. We consider that these spots arisen from localizing of the high gain area or a
refraction effect due to the density gradient of the plasma, although it is necessary to investigate details.
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Figure 2. Peak intensity as a function of plasma
length. The solid line shows the Linford formula
fitting of the out put intensity.
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Figure 3. Near field image of the
Ni-like Ag x-ray laser with a 600ps
pre-pulsc. The target surface is on
right end of each figure. The length
of the plasma is (a) 2.5mm, (b)
4.3mm, and (c) 6.0mm.

Figure 4. Near field image of the
Ni-like Ag x-ray laser with a 1.5ps
pre-pulse. The target surface is on
right end of each figure. The length
of the plasma is (a) 2.5mm, (b) A
4.3mm, and (c) 6.0mm.

4. SUMMARY

We have observed saturated amplification of Ni-likc Ag 13.9nm laser with transient collisional excitation and
estimated the gain coefficient as 25cm-l. The near field images of this laser was observed for various plasma
lengths and showed the gain region was a 50|im crescent shape and 3O-5Ojim distant from the target surface.
The gain region included very intense spots, which are evidence of the localizing of the high gain area or a
refraction effect.
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