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1. Introduction 

Strong electric and magnetic fields in the terahertz fre-
quency range are required for many applications, including 
particle acceleration, molecular orientation, and terahertz 
streaking techniques. The strongest fields are currently 
generated by optical rectification of ultrashort laser pulses 
in nonlinear crystals. Multiphoton absorption is considered 
as one of the main factors that limits the optical pump in-
tensity. It leads to a depletion of the pump pulse and pho-
togeneration of free carriers that absorb terahertz radiation.  

Recently, it was however found that concurrent pro-
cesses of optical rectification and free carrier generation 
can give rise to quasistatic electromagnetic fields (DC pre-
cursor) propagating ahead of the pump pulse [1]. The pre-
cursor’s fields can exceed the ordinary terahertz wave gen-
erated behind the laser pulse. The detrimental effect of the 
pump depletion on the precursor generation can be circum-
vented by using chirped-pulse pumping [2]. 

Here, we propose a way to enhance the precursor’s 
fields by orders of magnitude by using tilted-pulse-front 
excitation scheme and higher orders of multiphoton absorp-
tion. Three cases are considered: LiNbO3 pumped at 0.8 µm 
and 1.05 µm and ZnTe pumped at 1.7 µm. 
 
2. Approach 

We consider a tilted-pulse-front laser pulse propagating 
in an electro-optic crystal in the normal to its phase fronts 
direction with a group velocity c/ng (ng is the group refrac-
tive index, c is the speed of light). The pulse front is tilted 
at angle a to the phase fronts. The projection of the group 
velocity on the z direction normal to the pulse front is V = 
(c/ng)cosa = c/neff. The optical intensity, with the envelope 
I(z,t), in the crystal is assumed high enough to produce 
n-photon ionization with the density of free carriers  

 , (1) 

where bn is the n-photon absorption coefficient and ℏω is 
the quantum energy of the laser. We put n = 3 and 4 for 
pumping LiNbO3 at 0.8 µm and 1.05 µm, respectively, and 
n = 4 for pumping ZnTe at 1.7 µm. Due to optical rectifica-
tion, the laser pulse induces the nonlinear polarization  
 

PNL(z,t) = P0D(z,x)exp(–x2/t2)  (2) 
 

with the depletion factor D(z,x) [3] and x = t – z/V. To find 
the fields emitted by PNL(z,t), we solve the Maxwell equa-
tions and equations of the photogenerated time-varying 
plasma by using in-house developed FDTD code. 

3. Results 
In Fig. 1, the precursor is a unipolar pulse of negative 

polarity. Its magnitude is two orders of magnitude higher 
than for the collinear excitation scheme [1,2]. The magni-
tude can be further increased by using chirped-pulse 
pumping at higher intensities [2]. 
 

Fig. 1. Snapshots of the electric field at four moments of time for 
t = 300 fs and different I0. (a) LiNbO3 at 1.05 µm, neff = 5.05. (b) 
ZnTe at 1.7 µm, neff = 3.27. The shaded regions show the crystals. 
 
4. Conclusions 
   Tilted-pulse-front excitation with high-order multipho-
ton absorption is promising for generating high-field DC 
precursors in LiNbO3 and ZnTe. Strong unipolar fields can 
be a useful tool for particle acceleration, molecular orienta-
tion, and in terahertz streaking techniques.  
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As a result, the slant of the plateau is less pronounced and the plateau magnitude increases with
I0 even for I0 > 50 GW/cm2 [Fig. 4(b)].

For ZnTe, increasing I0 above 30 GW/cm2 adds little to the precursor’s magnitude [Fig. 4(c)]
due to a fast pump depletion [Fig. 4(d)].

Figure 5 confirms the prediction of the stationary analysis (Fig. 3) that approaching ne�
g to p

"0
allows one to enhance the precursor’s magnitude, both in LN and ZnTe, but at the expense of its
shorter length. The magnitudes of the precursors in Fig. 5 are as high as ⇠ 400 kV/cm for LN
[Fig. 5(a)] and ⇠ 150 kV/cm for ZnTe [Fig. 5(b)]. The precursors’ lengths are ⇠ 0.5 mm and
⇠ 0.3 mm, respectively.
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Fig. 5. (a) The same as in Fig. 4(b) but for ne�
g = 5.05. (b) The same as in Fig. 4(c) but for

ne�
g = 3.27.

Figure 6 shows the precursor generation by longer, than in Figs. 4 and 5, laser pulses with
⌧ = 600 fs. For LN, increasing ⌧ allows one to enhance the precursor’s magnitude at low pump
intensities. For example, for I0 = 30 GW/cm2, the precursor’s magnitude in Fig. 6(a) is two times
as large as in Fig. 4(b). The enhancement can be explained by a higher plasma density behind the
longer laser pulse and, therefore, a stronger Edc according to Fig. 3(a). For high pump intensities,
increasing ⌧ provides practically no enhancement due to a saturation of the dependence Edc( fp)
in Fig. 3(a). For ZnTe, increasing ⌧ removes oscillations from the precursor’s shape and decreases
to some extent its magnitude at high pump intensities [Fig. 6(b)]. The decrease is in accord with
Fig. 3(b), where the dependence Edc( fp) demonstrates a slight decline at high fp .

5. Tentative proof-of-principle experiment

For proof-of-principle experimental verification of our predictions, one can use the conventional
tilted-pulse-front setup, where the tilt of the pump pulse front is introduced by di�racting the
pulse o� an optical grating and imaging the front into a 63� prism-cut LiNbO3 crystal by a lens
(or two-lens telescope) [26]. To realise, for instance, the situation shown in Fig. 5(a), the LiNbO3
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