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Tunable sub-40 fs ultraviolet pulses from non-collinear
four-wave mixing in CaF2 crystal
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Pulses with a tunable central wavelength from 278–310 nm reaching <27 fs duration and >1 µJ energy
are generated by non-collinear four-wave mixing in a 0.5-mm CaF2 crystal.
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The development of femtochemistry in recent years has
enabled us to study and even control the ultrafast dy-
namics of molecules. Ultrashort ultraviolet (UV) laser
sources are essentially needed for the study of dynam-
ics and reactions in various organic molecules of bio-
logical importance, such as amino acids, proteins, and
DNA, which have UV transitions. The well-established
optical parametric amplification technique is not suit-
able for this region because of the high group-velocity
mismatch and the strong absorption of the pump, etc.
Many efforts have been made to generate ultrashort UV
pulses with frequency up-conversion techniques, such as
sum frequency mixing and second harmonic generation
(SHG)[1,2]. Another effective method is ultrashort four-
wave mixing (FWM) in noble gases[3,4], which usually
requires a complicated vacuum system. Ultrafast non-
collinear FWM in transparent bulk media is compara-
tively a compact method, which also has the advantage
of tunable output wavelength. This method has been
adopted to generate sub-20 fs visible pulses[5,6]. In this
letter, we demonstrate the generation of tunable sub-40
fs UV pulses by non-collinear FWM in an isotropic CaF2

crystal pumped with 120-fs pulses at 393 nm.
As shown in Fig. 1, part of the energy from a com-

mercial 1-kHz chirped pulse amphifier (CPA) pulse laser
with 120 fs duration and 1.6 mJ energy at 785 nm was
selected and focused on a sapphire crystal to gener-
ate a broadband white light seed. After spectral shap-
ing with a filter and temporal shaping with a grating
pair, the seed was amplified by a two-stage nonlinear
optical power amplifier NOPA system in the spectral
region of 500–800 nm. A prism pair was adopted to
compress the amplified broadband pulses; the result-
ing pulse duration was ∼10 fs with energy of 7.5 µJ.
The few-cycle visible pulses were focused on a 0.5-mm-
thick CaF2 crystal pumped with SHG of another part of

the energy from the CPA laser. A concave mirror with a
focus length of 10 cm was used to collimate the generated
UV energy (ωUV = ω393 nm + ω393 nm − ωNOPA).

The output UV spectra are shown in Fig. 2(a). The
angle between the 393 nm pump laser and the few-cycle
visible laser was changed to 8.3◦–15.3◦, and the corre-
sponding output central wavelength changed from 310
to 278 nm. The full-width at half-maximum (FWHM)
of the output spectral bandwidth decreased from 8 to 3
nm with the increase in the phase match angle, which
can support sub-20 fs pulses for the long wavelength side
and sub-40 fs for the short wavelength side.

The output energies for different central wavelengths
are analyzed in Fig. 2(b). The highest output pulse en-
ergy of >1 µJ can be achieved with 120 µJ pump energy
when the central wavelength is around 300 nm. The
low conversion efficiency is mainly caused by two rea-
sons. First, there is a temporal mismatch between the
120 fs pump pulse and the few-cycle seed. Second, only
a small part of the broadband seed energy is involved
in the FWM process because of the limited phase match-
ing angle.

Fig. 1. Schematic of the non-collinear FWM system.
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Fig. 2. (a) XFROG trace for 26.7 fs pulses centered at 301 nm;
(b) output UV spectra with different match angles, and (c)
output pulse energies for different central wavelengths mea-
sured in the CaF2 crystal.

The output UV pulse duration was measured with a
homemade DFG-XFROG, where a fraction of the energy
from the CPA laser was used as reference. The out-
put pulse width can be optimized by adjusting the in-

sert depth of the prism pair, and no additional UV
region compressor is required. Pulse duration of 26.7
fs was observed with the central wavelength of 301 nm
with a slightly negative chirped broadband visible pulse,
whereas 35.5 fs was observed for the output laser pulse
centered at 286 nm.

In conclusion, we have generated sub-40 fs UV pulses
with non-collinear FWM in a 0.5-mm-thick CaF2 crys-
tal without additional compressor. The output central
wavelength can be tuned from 278 to 310 nm.
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