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Abstract. The efficiency of second-harmonic generation The recently proposed [2—4] method for predelay of an
and the degree of compression of picosecond pulses froe wave relative to an o wave of the fundamental-frequency
a neodymium—glass laser were enhanced by a delay betwegadiation when it reached KDP doubler crystal (where
the ordinary and extraordinary pulses interactingkibP  the type-Il interaction takes place) has made it possible to
crystals. The conversion efficiency was increased by a factancrease the ultimate energy efficiency of the conversion pro-
of 1.5 (from 33% to 50%) and the second-harmonic pulsesess and also to compress significantly the converted pulses,

were compressed by a factor of 2.4 (frdrB to 2 p9. increasing greatly the power efficiency [5—7] as well as the
contrast of converted pulses [8].
PACS: 42.65 The method is as follows. If e pulses are delayed rela-

tive to o pulses by~ 11 (where 17 is the duration of the
pulses), then at some radiation intensities the length of the in-

The technique of the generation and amplification of “chirpedieraction in a negative nonlinear crystal is doubled and this
pulses, which has recently become so popular in the attaimacreases the efficiency of nonlinear optical conversion. The
ment of intensities exceedin@'® W cm~2, makes it possible feasibility of simultaneous compression of the converted ra-
to implement new regimes for the interaction of high-powerdiation is related to the following circumstance. If the group
laser radiation with matter. The most important parametevelocities are different, then one point on a temporal pro-
here is the contrast of a pulse (i.e. the ratio of the intensitjile of a second-harmonic pulse interacts with all points of
at the pulse peak to the background), which shouletdi®’  the o and e waves. The energy (75%-80%) [5, 6] and power
in order to avoid depletion of a pulse caused by the absor240%) conversion efficiencies [7], and a greater than 20-fold
tion in a plasma created by a prepulse. Frequency conversipulse compression [9] achieved by this method demonstrate
of radiation generated by powerful neodymium—glass lasets great promise for solving the tasks outlined above. This
systems combined with second-harmonic generation in nomrethod was extended for optical parametric oscillators [10—
linear crystals makes it possible to perform this task. Powerful2]. Recently the feasibility of the compression of tunable
high-contrast second-harmonic radiation is currently used tpulses by means of sum-frequency generation under special
generate a dense high-temperature laser plasma [1]. group-velocity mismatch conditions was demonstrated [8]. In

One of the principal aims in conversion to the secondhis article we demonstrate the use of this method both for
harmonic of laser radiation is an increase in the energy anan increase of the frequency conversion efficiency in long
power efficiencies of this nonlinear process. The efficiency oKDP crystals cut for the type-Il phase-matching and for com-
frequency doubling of pulses with durations from fractionspression of radiation pulses (~ 5 p9 of a neodymium—glass
of apsto a few picoseconds is hindered by the influence ofaser.
the dispersion of the group velocities of the interacting puls-
es in a nonlinear crystal. For example, when pulse2 jp$§
duration are used, the group-velocity dispersion iK@P 1 Experimental setup
crystal encountered in the type-Il (oe-e) interaction between
ordinary (0) and extraordinary (e) waves of the fundamenWe used a picosecond master oscillator witiNd:glass
tal radiation and of the second harmonic leads to separaticarctive element and negative feedback. Bandwidth-limited
of these waves in space after they have traveled less thamlses were injected into an oscillator—amplifier system [13].
1cmin a crystal. This limits the energy efficiency of conver- The radiation at the output of the system had the following
sion of sub-picosecond pulses to belew40% for optimal parameters: pulse enerd® mJ, duration4.8 ps diameter
(~ 4 GW cm?) intensities of the radiation to be converted. at half-amplitude of the intensity distributichmm, power
At high intensities the second harmonic is converted back tdensity up t8 GW cm2, and divergence x 10~ rad.
the fundamental frequency and the role of other nonlinear The apparatus used is shown schematically in Fig. 1. Lin-
optical processes is enhanced. early polarized radiation was passed through a quarter-wave
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Fig.1. Schematic diagram of the apparatus: PL-picosecond laser; PP— ) . . : s .
polarisation prism; M, My-mirrors; NC—nonlinear crystal; F-filters; A— 0.5 10 15 10 10 10
autocorrelator; PD—photodiodes; P4 plate; OW-optical wedge a) al, mm b) I, W-em?

Fig. 2. Dependencies of the duration of the converted radiation puls-
plate (P) and was split by &DP polarizing prism (PP) into s _on thg delay between orthogonal polarized pulses obtained or
two beams with orthogonal polarization. The beams were rq5i_0(?]\/(\t/))cm 2 (a) and on the intensity of the fundamental (pump) radia-
flected by mirrors (M and Mp) and were then combined in
the prism so that they passed through a nonlinear crystal (NC)
along the same path. The frequency converter wD® Since the group velocity of the e wave £ 1054 nn) in
crystal cut for type-ll phase-matchin@dmmx 20mmx  the KDP crystal exceeded the group velocity of the o wave
40 mm). The second harmonic passed through a SZS-21 fikvo t = 1.966x 101°cm 71, ve f = 2.019%x 101%cm s71), the
ter (F) and reached a homemade autocorrelator (A). Theelay of the o wave relative to the e wave simply resulted in
radiation energies at the fundamental frequency and at thee steep fall of the conversion efficiency because the waves
second harmonic were recorded with calibrated FD-24K phodid not overlap in the mixer crystal. An opposite situation
todiodes (PD) and the signals from them were measurechused compression of the converted radiation pulses. For
with V4-17 pulse voltmeters (not shown in Fig. 1). As wasconverted pulses of this duratiod.8 p9, there was an opti-
shown in previous works [4,12] an optimal ratio betweenmal delay between the pulses with orthogonal polarization.
intensities of interacted o and e waves (lo/le) inthe crys- A further increase in the delay produced a situation in which
tal should be close to the ratio of group lengthhsALe), the e wave did not catch up with the o wave within the nonlin-
whereLo = 7/[1/(ve ) — 1/ (ve,2w)] andLe = 7t /[1/(vo f) — ear crystal. An important condition for efficient compression
1/(ve2w)]. In our case the ratipLo/Le| was~ 1.4. We kept  was intersection inside the crystal of parts of the pulses with
the ratio of intensities of 0 and e waves close to this value inthe maximum intensities (in the temporal profiles). The dura-
the experiments of pulse compression. tion of the second-harmonic pulses varied fré@psfor the

One of the mirrors (M) was placed on a stage capable ofcase when the o and e waves coincided at the entry of the non-
micro-displacements. This produced a variety of delays bdinear crystal ta2.2 psfor Al = 0.9 mm (Al is the difference
tween the o and e waves, which interacted in the convertdretween the optical paths of the e and o waves).
crystal. The autocorrelator was used to determine the duration Figure 2b shows the dependency of the duration of the
of the pulses of the interacting fundamental-frequency andecond-harmonic pulses on the intensity=(1,+ lg) of
second-harmonic radiation, and the time delay between therthe fundamental wavek(= 1.4) obtained for a fixed delay

The pulse duration was deduced from noncolinear secondbetween the pulses4 9. The pulses duration decreased
harmonic generation in one shot and also from the spatidinearly (to 2 p9 with an increase in intensity, this was ob-
distribution of the second-harmonic radiation, which wasserved from0.7 GW cm 2. It should be possible to reduce
recorded with a CCD linear array. The information was an{further the duration of the converted pulses and to subse-
alyzed on a personal computer and reached a monitor [14§uently increase their intensity, because at the investigated
The temporal characteristics of the second harmonic geneintensities (up t@ GW cmi2) the influence of other limiting
ated in theKDP crystal (NC) were determined by suitable factors (Raman scattering, self-focusing, etc.) was slight. The
modifications of the autocorrelator system. In this case, theeturn of the second-harmonic energy to the sub-harmonic
doubler crystal in the autocorrelator WE®P cut for type-  could give rise to a structure in the temporal profile of the
| (oo—e) interaction withd = 85°; the angle between the second-radiation pulses when the intensity is increased.
interacting beams with the wavelengths- 527 nmwas5°. Figure 3 shows the dependency of the energy-efficiency (

of conversion to the second harmonic on the delay between
the waves. An increase in the delay between the e and o waves
increased the conversion efficiency from 33% to 50% (for
2 Experimental results and discussion k =1). However, when the delay was increased still further,
the conversion efficiency fell for exactly the same reasons
In the first series of experiments we determined the depernwhich limited compression in the first series of experiments.
dence of the duration of the second-harmonic pulses on th& further increase in the conversion efficiency and pulse com-
delay between the o and e waves produced by displacing omeession for an optimal delay may be limited by phase modu-
of the mirrors (M). This gave the results plotted in Fig. 2a. lation of the pulses, which was induced in the preamplifier.
The equality of the optical paths of the o and e waves was The length of the effective interaction zone (in the
deduced from the spatial position of the second harmonicrystal) ofthe pulses with orthogonal polarizatiobes =
in the autocorrelator, which measured the duration of thet/[1/(vo ) —1/(ve ], was3.6 cm. WhenKDP crystals with
fundamental-frequency pulses. the type-I interaction were used, the influence of the group-



43

(%)

. radiation ( = lo+ le) is plotted in Fig. 4 for different de-
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lays, between the pulses. In the absence of such a delay,
the conversion efficiency reached saturation at the intensi-
ty | =3GWcen2 (i = 33%) and did not vary for a wide
. range of intensities. Introduction of a 4-ps delay between the
pulses had the effect that the maximum conversion efficiency
. (50%) was achieved dt=4 GW cm?; the efficiency then
fell to 40% at8 GW cn 2. When the delay was equal to the
duration of the fundamental-frequency pulsds8(ps9, the
» maximum efficiency (42%) was reachedlat 5 GW cn?
and fell at higher intensities. The measured contract (ratio of
~ 2 0 2 4 the pulse energy to the background) increased fi@h: 1
Fig. 3. Dependencies of the efficiency of conversion to the second harmonit:O 5x 10°: 1 after conversion to the second harmonic in the

on the delay between the e and o wave&DP crystal with lengthad =  predelay scheme.
40 mm (e) and4 mm (A)
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3 Conclusion

velocity dispersion could be ignored because the difference
between the group-velocities of the fundamental radiatioOur experiments demonstrated pulse compression (by a fac-
and the second harmonic was slight. However, in view otor of 2.4) and an increase in the conversion efficiency (from
the much weaker dependency of the conversion efficiency 083% to 50%) when the delay between the e and o wave8was
the angular mismatch and the possibility of using the methodnd4 psrespectively. The increase in the efficiency of the en-
of predelay of the interacting pulses—which would make itergy conversion process and the pulse compression were the
possible to achieve temporal compression in addition to aresult of “prolonged” (compared with the usual case) overlap
increase of)—it would be preferable to employ crystals with of the e and o waves in the converter crystal. Phase modula-
the type-Il interaction in order to use the second harmonition of fundamental waves can play an important role in these
in the interaction of ultra-strong optical fields with matter. processes and restrict the value of one of them.
These processes are being currently investigated with high- Our investigations demonstrate the promise of the nonlin-
power neodymium-—glass laser systems and amplification afar optical methods for the compression of picosecond pulses
“chirped” pulses. and an increase of the efficiency of nonlinear processes.

For comparison, we plotted in Fig. 3 the dependency of-urther optimization of the conversion and compression of
the conversion efficiency on the displacement of one of th¢éhe pulses, subject to selection of the optimal power densi-
mirrors (Mz) when a thin 4 mm) KDP crystal with the inter-  ty (which may be different for these two processes), can be
action of the same type was used. The dependency repeatexpected in the future.
exactly the autocorrelation function of the second harmonic
for a step-by-step autocorrelator. This function could be use#cknowledgementshis work was partially supported by the International
to determine the duration of the pulses at the fundamental fr%aence Foundation (Grant RU 7000) and the Uzbek Foundation for Basic
quency ¢ = 1q/+/2 = 4.8 ps assuming a gaussian shape of esearch.
the pulse).
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