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One of the directions for generating short mid-IR pulses utilizes nonlinear multiwave mixing of two-
color laser pulses in gases, including ambient air [1-8]. In particular, mid-IR generation can be realized
using two-color laser pulses with angular frequency ratio w;/wo &~ 2. In this case, the generation occurs
at the detuning frequency of the higher frequency from the doubled lower one, wi — 2wg. The underlying
physical mechanism can be the hyperpolarizability of neutral atoms or molecules or the ionization-induced
response of free electrons in a symmetry-broken electric field [1-8]. Recently we proposed a method
for creating and controlling the frequency detuning in two-color laser pulses, which consists of using a
stretched-in-time fundamental field and its second-harmonic field, which is assumed to be created by
frequency-doubling crystal [8]. The fields have linear chirps and a group time delay, which corresponds
to the instantaneous component frequencies Qo(t) = wo + Bt and Q4 (t) = 2Qy(t — 74), where wy is the
fundamental central frequency, 8 is the chirp of the fundamental field, and 74 is the time delay. The
resulting detuning frequency is 21 — 2y = —20874 and is constant throughout the laser—gas interaction.

This paper generalizes the proposed method to generate multicolor low-frequency pulses. To do
this, we propose to use several second-harmonic components with different group time delays relative to
the fundamental field. We show analytically and numerically that for high intensity of the laser pulse,
the current density resulting from isotropic gas ionization contains several components: the detuning
frequencies and triple combination detuning frequencies. Intensities of the triple combination frequencies
can be compared with that of the main detuning frequencies, which significantly enriches the generation
spectrum. Moreover, the presence of a large number of generated components and the ability to control
their spectra opens up the possibility of generating a broadband supercontinuum covering the THz and
mid-IR ranges [9)].

Acknowledgements: This work was supported by the Russian Science Foundation (Grant No. 22-72-
10133).

References

[1] T Fuji and T Suzuki, Opt. Lett. 32, 3330 (2007)
[2]| M D Thomson, V Blank and H G Roskos, Opt. Express 18, 23173 (2010)
[3] F Théberge, M Chateauneuf, G Roy, P Mathieu and J Dubois, Phys. Rev. A 81, 033821 (2010)

[4] T Bal¢iunas, D Lorenc, M Ivanov, O Smirnova, A Zheltikov, D Dietze, K Unterrainer, T Rathje, G
Paulus, A Baltuska and S Haessler, Opt. Express 23, 15278 (2015)

[5] A A Silaev, V A Kostin, I D Laryushin and N V Vvedenskii, J. Exp. Theor. Phys. Lett. 107, 151
(2018)

[6] V A Kostin and N V Vvedenskii, Phys. Rev. Lett. 120, 065002 (2018)
[7] Z Fan, C Lu and Y Liu, Opt. Commun. 505, 127532 (2022)
[8] A A Silaev, A A Romanov and N V Vvedenskii, Opt. Lett. 45, 4527 (2020)



[9] A A Silaev, A A Romanov and N V Vvedenskii, J. Opt. Soc. Am. B Opt. Phys. 40, A28 (2023)



