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The generation of coherent vacuum and extreme ultraviolet (VUV and XUV) radiation through high-order harmonic generation (HHG) nowadays became one of the promising technologies of laser physics. This method is rapidly developed especially during last two decades. Well established laser-gas jet technique allowed achieving the generation of harmonics of the orders exceeding 2000 [Seres et al., 2006, 181919]. Although, maximum harmonics generating from laser plasma were achieved only up to the 101st order in the manganese plasma [Ganeev at al., 2007, 023831], the reported HHG conversion efficiency is comparable with the gas media. Some of resonance-enhanced individual harmonics show high conversion efficiency in the case of laser plasma. To achieve maximum cutoff energy, most of previous studies were concentrated on the harmonic generation below 80 nm range using femtosecond pulses.
In this report we presented our studies on the HHG of picosecond radiation from the low-excited plasmas produced on the surfaces of various targets. The experiments were carried out using the passive mode locking Nd:YAG laser (λ = 1064 nm) generating a train of pulses of 38 ps duration and 1.5 Hz pulse repetition rate. Two-stage amplification of single pulse was followed by splitting of this pulse on two parts, one with the energy of up to 12 mJ, which was used for plasma formation on the target surface, and another with the energy of up to 28 mJ, which was used, after some delay, for frequency conversion in the prepared plasma. The heating pulse was focused inside the vacuum chamber containing various targets. The intensity of probe pulse at the focus was up to 4×10I3 W cm-2.
The probe and converted radiation were separated in the vacuum monochromator,  and the harmonic radiation in the range of 50 – 270 nm was detected using the sodium salicylate luminophor and photomultiplier tube (PMT).  The targets were made of various materials. We used the bulk samples of these materials cut with the sizes of 5×5×2 mm3. We have detected the generated harmonics from the 5th up to 21st orders in the range of registration of our monochromator.
The harmonic spectrum from metal (Mn) plasma is presented in Fig. 1a, which shows a monotonic decrease of each next order of harmonics over all spectral range up to the 11th order, above which the harmonics showed a plateau-like behavior described by the three-step model of HHG [Lewenstein et al., 1994, 2117]. Such behavior was observed in most cases of metal targets. An important peculiarity of these studies was the efficient 7th harmonic from the carbon plasma (Fig. 1b). Its efficiency considerably (from 5 to 8 times) exceeded that of the lower (5th) order harmonic, contrary to the expected dependence defined by perturbative theory of lower-order harmonics [Reintjes,1984]. In accordance with this theory, the intensity of each next higher-order harmonic should be two to three times less with regard to the previous harmonic. The enhanced 7th harmonic was a common feature of this class of carbon-containing plasmas, excluding the boron carbide plasma. Probably, in the latter case, the influence of neutral transitions of B4C molecule in the vicinity of 152 nm was not so pronounced compared with other carbon-containing species due to the tuning of corresponding neutral transitions. One can note that, in the case of other types of plasmas, such as one created on the surfaces of metal targets, this peculiarity (i.e. enhanced 7th harmonic) was not observed. 
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Fig. 1. Harmonic spectra from the (a) manganese and (b) pyrographite plasmas. (c) Polarization dependences of the 5th (circles) and 7th (squares) harmonic intensities at different angles of rotation of the half-wave plate.
We analyzed various properties of the 7th and neighboring harmonics. Fig. 1c shows the dependences of 5th and 7th harmonics on the angle of rotation of the half-wave plate, which
caused variation of the polarization of driving radiation from linear (at 00) to circular (at 450). Small deviation from linear polarization led to a considerable decrease of the 5th and 7th harmonic intensity, which is a typical behavior for high-order harmonics. The application of circularly polarized laser pulses led to the complete disappearance of harmonic emission, as it should be assuming the origin of HHG.
Also, we carried out optimization of the HHG by analyzing the emission spectra of plasmas and the variation of several parameters such as heating pulse energy and delay between the pulses. The measurements of conversion efficiency of the harmonics generating in plasmas was carried out using the following procedure. At the first step, the 4th harmonic signal was measured by “monochromator + sodium salicylate + PMT” detection system using known energy of the 4th harmonic of 1064 nm radiation generating in the nonlinear crystals. This allowed the calibration of monochromator at the wavelength of 266 nm. Since the quantum yield of sodium salycilate is equal in a broad spectral range between 40 and 350 nm, the calibration of registration system in the range of 266 nm allowed calculating the conversion efficiency along above-mentioned range. The monochromator allowed observing the harmonics down to the spectral range of 50 nm. The conversion efficiency in the plateau region (15th – 21st harmonics) was measured to be 1×10-6. Maximum achieved conversion efficiency for the 5th harmonic from the Mn plasma and 7th harmonic from the C plasma were 6×10-5 and 5×10-5 respectively. 
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