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Amplification of picosecond pulses in F, : LiF crystals
synchronously pumped by picosecond

and nanosecond laser pulses

T.T. Basiev, A.Ya. Karasik, V.A. Konyushkin, V.V. Osiko, A.G. Papashvili, D.S. Chunaev

Abstract. A method for amplification of picosecond pulses in
F, : LiF crystals synchronously pumped by picosecond and
nanosecond pulses is proposed and demonstrated. Due to two-
stage amplification of a train of 22-ps, 1150-nm SRS pulses
generated by a PbMoQ, crystal, a power gain of (2 —4)x
10% is achieved and single 6-ps, 0.88-mJ pulses are obtained.

Keywords: F, : LiF crystals, synchronous pumping, picosecond and
nanosecond pulses.

The LiF crystals with colour centres have broad (~ 2000
em™!) absorption and luminescence bands, large cross
sections for radiative transitions and high quantum yield of
luminescence, which makes them promising for generation
of nanosecond, picosecond, and femtosecond light pulses
[1—4]. The efficient use of F, : LiF crystals for amplifying
nanosecond pulses tunable in the 1090 —1270-nm region has
been demonstrated in papers [5, 6]. Note that LiF crystals
with colour centres are superior in some spectral and opto-
mechanical characteristic [1] to the well-known dye media
and ion-doped glasses and crystals applied for amplification
of picosecond and femtosecond pulses [7]. In this paper, we
studied for the first time the amplification of picosecond
pulses in LiF crystals with the F, colour centres
synchronously pumped by picosecond and nanosecond
laser pulses.

The scheme of the experimental setup is shown in Fig. 1.
A passively mode-locked TEMy, Nd** : YLiF, (Nd : YLF)
laser with a saturable dye-doped polymer film absorber was
used as a master oscillator. The laser emitted ~ 100-ns trains
of ~ 22-ps, 1047-nm pulses [curve (/) in Fig. 2].

The laser radiation was focused into a 30-mm long
nonlinear PbMoQO, crystal, in which a train of the 20—22-ps
SRS pulses was generated at the Stokes wavelength 1150 nm
[8]. A F, : LiF crystal placed behind the PbMoQO, crystal
was pumped by the 1047-nm picosecond pulses propagated
through the SRS crystal. The maximum of the gain band of
F, colour centres is close to the wavelength 1150 nm of the
amplified SRS radiation. The focusing of laser radiation
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through the nonlinear SRS crystal to F, : LiF amplifier 1
allows us to perform the synchronous amplification of the
entire train of picosecond SRS pulses [curve (2) in Fig. 2].
The use of such an amplifier synchronously pumped by
picosecond pulses substantially improves the spatial direc-
tivity of the SRS beam because amplification is developed
only within a narrow pump channel of the F, :LiF
amplifier.

After the synchronous amplification of picosecond SRS
pulses described above, the energy of the entire SRS train
increased by an order of magnitude (from 4.4 to 44 pJ). The
energy gain for pulses varied from pulse to pulse within
8—12 due to the amplitude instability caused by sponta-
neous noise typical for SRS. The duration of the 19—22-ps
SRS pulses decreased after such amplification in the
F, : LiF crystal down to 7—8 ps, which was accompanied
by the corresponding increase in their peak power.

The amplified 7—8-ps, 1150-nm pulses were focused
through a dichroic mirror DM3 and a diaphragm to 80-
mm long F, : LiF crystal amplifier 2 with Brewster faces.
This amplifier provided the amplification of picosecond SRS
pulses upon pumping by collinear high-power 1047-nm
nanosecond pulses from the Nd: YLF laser reflected
from the mirror DM2. The laser resonator was formed
by a highly reflecting spherical mirror with the radius of
curvature r = 3 m and a resonance reflector stack of three
glass plates with the reflectivity R = 30 %. The resonator
also contained a third F, : LiF crystal used for passive Q-
switching. To bleach this Q switch for a synchronous
triggering of the nanosecond and picosecond lasers, a train
of picosecond pulses split from the radiation of the master
oscillator by semitransparent dichroic mirrors DM1 and
DM2 was directed to the resonator of the nanosecond laser.
By varying with the help of the mirror DM?2 alignment the
energy of the 1047-nm picosecond radiation directed to the
resonator of the nanosecond Nd : YLF laser 2 and changing
the energy of the flashlamp pump of the laser, we could
bleach the nanosecond F, : LiF Q switch synchronously
with the selected picosecond pulse in the train.

As a result, Nd : YLF laser 2 emitted high-power 10-ns
pulses synchronised with the 7—8-ps SRS pulses. These
pulses were focused into crystal amplifier 2 with the help of a
spherical mirror and a plane dichroic mirror DM3. Pico-
second radiation amplified in two amplifiers pumped by
picosecond and nanosecond pulses was directed to a
diffraction grating to separate it from the pump radiation
and then to a pyroelectric Joule-meter, a germanium
avalanche photodiode, and an Imacon-500 streak camera
with a time resolution of 1.5 ps for measuring the energy
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Figure 1. Scheme of the experimental setup: SA: saturable absorber; DM1 and DM2: dichroic mirrors with the reflectivity R = 57 % and 30 %,

respectively: DM3: dichroic mirror for coupling radiation out the maste
grating; Ge AP: germanium avalanche photodiode; NF: neutral filters; B

r oscillator; RR: resonance reflector stack with R = 30 %; DG: diffraction
S: beamsplitter.
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Figure 2. Oscillograms of radiation from the 1047-nm pump Nd : YLF
laser (/) and of the amplified train of the 1150-nm SRS pulses in crystal
amplifier 1 (2).

and temporal parameters of the amplified radiation.

Figure 3 shows the dependence of the gain of SRS
radiation on the energy nanosecond pulses pumping
F, : LiF amplifier 2. One can see that the gain curve tends
to saturate at the pump energy close to 15 mJ. A com-
paratively large statistical scatter in the gains upon weak
pumping is due to the absence of the accurate locking of the
10-ns pump pulse of the amplifier to a train of picosecond
SRS pulses (the jitter was less than 8 ns).

Figure 4 shows the oscillogram of the picosecond 1150-
nm radiation after nanosecond crystal amplifier 2. After
amplification of the initial train of SRS pulses [curve (2) in
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Figure 3. Dependence of the SRS radiation gain on the energy of nano-
second pulses pumping crystal amplifier 2.

Fig. 2] in the nanosecond amplifier, only one or two high-
power pulses dominate in radiation depending on the
accuracy of the time synchronisation of picosecond and
nanosecond pulses. When only one picosecond pulse is
predominantly amplified, the radiation energy measured
simultaneously with the oscillogram of the amplified pulse
train is only slightly lower than the energy of two high-
power pulses (Fig. 4b).

After the two-stage picosecond and nanosecond amplifi-
cation using 15-mJ nanosecond pumping, the energy of a
train of amplified 6-ps pulses was 0.88 mlJ, corresponding to
the peak pulse power ~ 150 MW. Note that the duration of
the compressed amplified pulses was well reproduced.
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Figure 4. Oscillograms of the 1150-nm picosecond radiation after
F, : LiF nanosecond amplifier 2 in the case of amplification of one (a)
and two (b) pulses.

The energy was measured with a Joule-meter. The
energy gain for a pulse train at the second stage (crystal
amplifier 2) was 20. The total two-stage energy gain for the
1150-nm radiation amounted to 200. This value was
obtained by dividing the radiation energy at the output
of the second amplifier by the energy of the train of SRS
pulses at the input of the first amplifier and gives only the
lower bound for the pulse energy in the train. Indeed, a train

at the input of nanosecond amplifier 2 consists of ~ 10 @E8.

picosecond pulses separated by the axial interval of ~ 8 ns
[curve (2) in Fig. 2], while the output train consists of one—
two pulses (Fig. 4). Therefore, the energy gain for one pulse
should be multiplied by 4-10 and amounts to
(0.8 —2) x 10°.

We could also determine independently the synchronous
gain of the SRS radiation from the energy after the second
stage of the amplifier directly from oscillograms presented in
Fig. 4, by normalising the amplitude of the output amplified
pulse to the amplitude of the preceding SRS pulses
propagated through the amplification stage before the
arrival of the nanosecond pump pulse. The gain in the
second stage (pumped by nanosecond pulses) measured in
this way was between 55 and 80 in different experiments.
Taking into account the 8§—12-fold amplification in syn-
chronous picosecond amplifier 1, we estimate the total
energy gain for a single pulse as (0.5 — 1) x 10°. Then,
taking into account that pulses are shortened approximately
by a factor of four during amplification, we obtain the total
power gain ~(2—4) x 10°, in good agreement with the
results of measurements described above.
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The replacement of the nonlinear PbMoOQO, crystal by a
KGd(WOQ,), crystal with the close value of the SRS gain [§]
resulted in a change in the temporal parameters of the gain.
In the latter crystal, the initially shorter SRS pulses had
duration of 8.5 ps, which did not change after the first and
second amplification stages. Some reasons for the difference
in the transformation of durations of amplified SRS pulses
from different crystals were discussed in [8] and require
special studies. Note that SRS pulses of duration ~ 1 ps can
be generated in oxide nonlinear crystals [8].

Note in conclusion that the picosecond laser emitting
~ 1-mJ pulses described in this paper is promising for
generating terawatt pulses by increasing the number of
amplification stages based on the F, : LiF crystals pumped
by nanosecond laser pulses.
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