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Terahertz (THz) science is attracting a broad
interest as many molecular fingerprints belong to L OSSN SLTX 10T am® L8 < N <28 30" em
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the THz range [1]. A well-known technique to cre- 104 o i
ate efficient THz emitters is to focus a two-color \W / g
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femtosecond light pulse into air [2] and create a SAAS x 1079 65 X 10T g

plasma spot. Recent studies [3,4] showed that in- R T o
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creasing the pump wavelength Ay can enhance the s S

laser-to-THz conversion efficiency which is usually 07
limited to about 10~* for A\g = 0.8 ym. By means
of local-current estimations [4], a gain of about two ~ ~ “ B T b

orders of magnitude can be expected in the THz + (m) > (m)

energy vield with a 10.6-um pump compared with Figure 1: Laser—to—THz conversi.on eﬂ}lciency from the
a near-IR pump [see Figs. 1(a,b)]. Moreover, the local-current model using the two input fluences (a) 5 and

. i . b) 10 J/cm?. Dotted fits in Ag. (c) TH
pump power contained in a filament is limited to (b) /om otted gray curves are fits in Ag. (c) g

- o : energies numerically computed for two-color 100-fs Gaus-
a few times the critical power for self-focusing Per  gjap pulses with Ao = 0.8,3.9,10.6 um. (d) Peak electron

before undesired spatial breakup and multiple fila- density and (¢) THz energy reached along propagation
mentation kicks in [5]. Because P o A3, increas- including (black) or not (gray lines) MBI

ing A9 makes filaments with much higher energies
possible. Long laser wavelengths, e.g., 3.9 pm, are nowadays accessible in the femtosecond regime and
energetic 100-fs COq laser pulses operating at 10.6 pm should be available in the coming years [6].

Using a three-dimensional unidirectional solver [4], we study intense broadband THz fields generation
by such long-wavelength two-color 100-fs pulses ionizing air, with initial power P, = 1.73F,.. Peak
intensities of ~200 TW /cm? are reached, producing electron densities above 1017 cm™3. When increasing
the pump wavelength and so the pump energy, longer filaments are promoted and start to self-focus earlier.
Figure 1(c) illustrates the resulting THz energy yields below 10 THz that reach 0.11 mJ for A\g = 3.9 um
and 3.1 mJ for \yp = 10.6 pm. For this wavelength, we report much smaller angles of the conical THz
emission and a better coupling between the two colors along extended propagation ranges.

Finally, we examine the role of many-body Coulomb ionization (MBI) [7] in THz generation. Under
strong laser field irradiation, excited-state electrons from neighboring atoms are able to collide and thus
increase the ionization rate. MBI becomes relevant for far-infrared pulses at early propagation distances,
where multi-photon and tunnel ionizations remain minor players [see Fig. 1(d)]. With such plasma
contribution, Fig. 1(e) show that THz emission starts at the very beginning of propagation, but saturates
due to accumulated plasma defocusing actions.

800 nm
3.9 pum
10.6 fm

10 F

THz energy (y.J)

THz energy (1]

References

[1] M Tonouchi, Nat. Photonics 1, 97 (2007)

[2] KY Kim, A J Taylor, J H Glownia and G Rodriguez, Nat. Photonics 2, 605 (2008)



[3] M Clerici, M Peccianti, B E Schmidt, L. Caspani, M Shalaby, M Giguére, A Lotti, A Couairon, F
Légaré, T Ozaki, D Faccio and R Morandotti, Phys. Rev. Lett. 110, 253901 (2013)

[4] A Nguyen, P Gonzéalez de Alaiza Martinez, J Déchard, I Thiele, I Babushkin, S Skupin and L Bergé,
Opt. Express 25, 4720 (2017)

[5] A J Campillo, S L Shapiro and B R Suydam, Appl. Phys. Lett. 23, 628 (1973)

[6] IV Pogorelsky, M Babzien, I Ben-Zvi, J Skaritka and M N Polyanskiy, Nucl. Instr. Meth. Phys. Res.
A 829, 432 (2016)

[7] K Schuh, M Kolesik, E M Wright, J V Moloney and S W Koch, Phys. Rev. Lett. 118, 063901 (2017)

[8] A Nguyen et al., Phys. Rev. A., in press



