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Intense J=0-1 soft-x-ray lasing at 28.5 nm in neonlike chromium
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Intense $-3s, J=0-1 soft-x-ray lasing at 28.5 nm in neonlike chromium has been observed experimentally
using a compact Nd:glass laser as the driver. 2.4-cm-long polished chromium slab targets were irradiated with
up to 100-J/500-ps pulses at the fundamental wavelength of Ju@%4The prepulse technique was applied
using a defined prepulse 5 ns before the main pulse and with a prepulse-to-main pulse energy ratio of 0.7%. It
is demonstrated that a pump energy~80 J, corresponding to a pump irradiance of approximately 9 TW/cm
is sufficient to observe soft-x-ray lasing at 28.5 nm. At a drive laser energy9®f J a gain coefficient of
(2.2+0.5) cm™! was measured. The one-dimensional space-resolved measurements show that the 28.5-nm
laser line is emitted from a 6@m-wide (full width at half maximum plasma region.
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PACS numbes): 42.60.By, 32.30.Rj, 52.50.Jm

Since the first demonstration of soft-x-ray lasing in colli- maximum irradiance on the target was estimated to be 10
sionally pumped neonlike selenium at wavelengths near 2TW/cn?. The authors mentioned that the brightest signals are
nm [1,2] the possibility of scaling to shorter wavelengths asobserved about 500 ps after the second pump pulse. This is
well as the development of tabletop x-ray lasers driven ain contrast to measurements in the case of nickellike neody-
pump energies well below the kilojoule level has been eximium (Z=60), where lasing is observed on the rising edge,
tensively discussed. It is obvious that for practical applicad.e., before the peak, of the main driver pulse, as reported
tions the size and costs should be reduced in comparison tecently by Nilsen and Moreni®0].
the high-power laser facilities currently needed. Important Alternative successful approaches to the development of
progress in this direction was made through the introductiottabletop XUV lasers were reported by Roocstaal. [21] on
of the prepulse technique in which a low-energy prepulseneonlike argon at the wavelength of 46.9 nm using a high-
irradiates the target a few nanoseconds before the main driypower capillary discharge and by Lemdf al. [22] on pal-
ing pulse[3—17]. X-ray laser research now seems to be posdadiumlike xenon at 41.8 nm driven by a 10-Hz Ti:sapphire
sible also for laboratories that are equipped with drive lasershirped pulse amplification system with a pulse duration of
well in the sub-kJ energy range. Nilsen al. [4] recently — approximately 40 fs.
reported on -3s, J=0-1 lasing in neonlike chromiurtz Using a pump-laser energy of gr8 J high-gain lasing in
=24) at the wavelength of 28.5 nm, applying the prepulseneonlike titanium at the wavelength of 32.6 nm was reported
technigue and using a delay of 7 ns between the prepulse amécently by Nickelst al.[23]. A 1-ps short main pulse of 3-J
the main pulse, a prepulse-to-main pulse energy ratio oénergy was preceded by an 1-ns-long prepulse of 5-J energy.
0.5%, and a drive laser energy of 1100 J in a pulse of 600 pat the pump irradiance of-1 PW/cnf a gain coefficient of
duration. The authors worked with a 5.4-cm-long line focus19 cmi ! was measured. Using a line focus of 5 mm length a
irradiated at 34 TW/ckhby two beams of the NOVA laser- total gain-length product of 9.5 was evaluated.
fusion facility. In this work we report on an experimental demonstration

Recently it was reported that in neonlike plasnias0—1  of 3p-3s, J=0-1 soft-x-ray lasing at 28.5 nm in neonlike
lasing in the extreme ultravioléXUV) region was observed chromium using a compact Nd:glass-drive laser. Applying
with drive laser energies considerably below 200 J. Li, Pretthe prepulse technique at a fixed prepulse-to-main pulse en-
zler, and Fill[9] demonstrated lasing on the 38.3-nm line in ergy ratio of 0.7% we demonstrate lasing on the 28.5-nm line
neonlike calcium at a pump irradiance of 5 TW/camd Prg  at a pump energy of 82 J corresponding to an irradiance of 9
et al. [14] and Zhanget al. [15] achieved lasing on the TW/cn?. This represents, to our knowledge, the lowest pump
32.6-nm line in neonlike titanium at an irradiance as low asrradiance for which soft-x-ray lasing at a wavelength shorter
2.5 Twi/cnt. Furthermore, the possibility of establishing than 30 nm in a neonlike ion has been reported to date.
compact x-ray lasers also at shorter wavelengths was dis- The experiments were performed using the tabletop Nd-
cussed. :glass laser of the Institut ftAngewandte Physik at the Uni-

A tabletop laser-driven nickellike soft-x-ray laser was re-versity of Berne, which is capable of delivering up to 120 J
ported by Bastiet al. [18] and Hagelsteiret al. [19] using a  at 1.054um with a pulse duration of 500 d$ull width at
multiple-pulse technique with 3—5 pulses of 80 ps durationhalf maximum (FWHM)]. An actively mode-locked and
separated in time by 7.5 ns, and approximafel ofenergy.  Q-switched Nd:glass master oscillator is followed by a chain
The authors observed a line at the wavelength of 20.4 nrof five rod amplifiers with clear apertures increasing stepwise
that was identified with the predicted wavelength of tltk 4 up to 90 mm. The host material is phosphate glass and the
4p, J=0-1 lasing line in nickellike niobiuniZ=41). The  Nd doping is chosen between 3% and 0.7% with the lower
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FIG. 1. Setup of the target chamber, the focusing optics, and the
x-ray diagnostics used for the measurements. FIG. 3. Spectral scans along the wavelength axis for two differ-
ent main pulse energies and a 0.7% prepulse.
values for the rods of higher diameter. The beam is expanded

stepwise by a telescope and three spatial filters applying tlﬁ@, working at the grazing-incidence angle of 3°, and a

image relay techniqui24]. In front of the second amplifier 40-mm-diameteiP20 phosphor screen coupled to a cooled
an apodizing aperture is used in order to obtain a nearI)CCD camera having a pixel size of 2525 um?. The spec-
rectangular intensity profile and a high-energy extraction efy,meter |ooked axially onto one end of the plasma column
f|C|en(_:y at the end of the amplifier cha|_n. . with the spatial resolution in the direction perpendicular to
. A line focus 2'5 c¢m long and .apprOX|mat(_er #n wide the target surface. The one-dimensional spatial resolution,
is produced by using an qplanauc. dOL_JbIet with a.focal length, hich was measured to be better than 28, was realized

of 500 mm combined with a cylindrical lens W'th a foqal by using a spherical gold mirror with a radius of curvature of
length of —1700 mm. All the surfaces of the focusing optics , m, which was adjusted at a grazing-incidence angle of 5.5°.
are antireflection-coated and have a clear aperture diamet{,o irror forms an image of the plasma column on the

of 100 mm. The beam diameter is 85 mm. A define_d hosphor screen with a magnification of 3The diameter of
prepulse of 0.7% at a constant delay of 5 ns is produced wit e gold mirror is 30 mm and the acceptance angle of the

the aid of an antireflection-coated beam;plitter in the.bean%pectrometer is 22 mrad. The grating disperses the incident
.pat.h of the double-passed 90-mm ampllfler. The spgtlal COradiation perpendicularly to the direction of the spatial reso-
incidence of the prepulse and the main pulse was adjusted {5 The wavelength coverage was 12 nm with a spectral

better than 10um, given by the resolution of the charge- resolution of 0.2 nm. The experi

5 . . . perimental setup of the target
coupled devicgCCD) camera used for the adjustment. Thechamber, the focusing optics, and the spectrometer are
energy of the main pulse was varied between 60 and 100 &,qvn schematically in Fig. 1.

by varying the gain in the amplifier rods. The laser irradiated o measurements were performed with a fixed prepulse-

2.4-cm-long polished chromium slab targets with the lineyj .-iq pulse energy ratio of 0.7% and without a prepulse.
focus slightly overfilling the target on both sides for maxi- Without an intentional prepulse, lasing on thep-3s
mum uniformity[25]. ' '

The principal diagnostic used was a time-integrating,
space-resolving spectrometer. The spectrometer consists ofa  *
1200 grooves per mm, concayedius of curvature: 5649
mm), Harada-type aberration-corrected reflection grating

Pump energy: ~90 J
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FIG. 2. One-dimensional space-resolved spectrum for a 2.4-cm-
long chromium target. For this shot a 0.7% prepulse was used and FIG. 4. Lasing intensities for th&=0-1 lasing line at 28.5 nm
the energy of the main pulse was 82 J. The0-1 lasing line at  as a function of the target length for a drive laser energy of®0
28.5 nm is observed to dominate the spectrum. The wavelength axand a 0.7% prepulse. A least-squares fit to the Linford-forrRilfa
is in the horizontal direction and covers the spectral region betweegields a gain coefficient of 2:20.5 cni * and is shown as a solid
23 and 35 nm. line.
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J=0-1 line at 28.5 nm in neonlike chromium was not ob-and dividing by the pump laser pow€ra “gain-producing
served. Figure 2 shows a typical CCD image of a oneefficiency” of gL/P=30 TW ! can be evaluated.
dimensional space-resolved spectrum for a 2.4-cm-long In summary, we have experimentally demonstrated
chromium target irradiated at a main pulse energy of 82 J3=0-1 soft-x-ray lasing at 28.5 nm in neonlike chromium.
The wavelength axis is in the horizontal direction and theThe prepulse technique was applied with a constant delay
spatial resolution is given in the vertical direction. The-3  time of 5 ns between the 0.7% prepulse and the main pulse.
3s, J=0-1 lasing line at 28.5 nm is clearly seen in the specq asing with a gain coefficient of 2:20.5 cni* was ob-
trum that covers the wavelength range of 23-35 nm. Th&eryed for a drive laser energy 6/90 J, corresponding to a

Ia}sing line is emitted ir;] an ap;?roxirr:at_ely iﬂ‘?{"vide pump irradiance of 9 TW/cfn To our knowledge, this is the
plasma regior(FWHM). The spatial resolution of the spec- lowest pump laser energy reported to date for a neonlike

trum shows a considerable difference between the lasing "ngoft-x-ray laser at a wavelength shorter than 30 nm. Further

and other nonlasing lines. . : .
In Fig. 3 intensity traces along the spectral coordinate aréQdUCtIon of the drive aser energy may be possible, for ex

plotted for two different main pulse energies but the sameample’ by variation of the delay time between the prepulse

prepulse-to-main pulse energy ratio of 0.7%. The scans al%nd the main pulse and_/or by-using a series c.)f pump laser
taken at the position of peak intensity of the x-ray lasing line.PU!Ses of shorter duratiofmultiple-pulse techniqye The

The 28.5-nm line is seen to dominate the spectrum at a pumpfomium laser is pumped with a very compact tabletop
energy of 90 J, corresponding to an irradiance of 10drive laser, which is capable of delivering a maximum of 120
TW/cn?, whereas it is not observed at the lower-pump en-J in 500 ps, and which can be operated by a single person.
ergy of 61 J. For a drive laser energy of98 J and a 0.7% The total laser system and the target chamber including the
prepulse, the intensity of the lasing line at 28.5 nm was meadiagnostics can be accomodated in a laboratory area of about
sured for the different target lengthsbetween 1.6 and 2.4 9x4 nr.

cm. The experimental result is shown in Fig. 4. A least- The authors would like to thank Professor H. P. Weber for
squares fit to the Linford formulf27] gives a gain coeffi- stimulating discussions and B. Locher for the chromium tar-
cient ofg=2.2+0.5 cm ! and is represented as a solid line get preparation. This work was supported in part by the
in the figure. The total gain-length productgé =5.3=0.8  Swiss National Science Foundation.
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