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Femtosecond laser-based THz pulse generation and detection methods make it possible to measure
easily the temporal shape of the field of the generated and transmitted or reflected THz pulses, and in this
way, performing time-domain-terahertz spectroscopy (TDTS). TDTS measurements use THz pulses with
only 10 fJ energy and 100 V /cm field, yet can, for example, simultaneously result in both absorption- and
index of refraction spectrum. However, it does not make it possible to follow ultrafast changes.

The invention of tilted-pulse-front velocity-matching first made it possible to generate THz pulses with
energy on the pJ and field on the 100 kV /cm level [1,2], suitable for following the ultrafast dynamics of
electrons and lattice excitations (applying THz pump-probe and other nonlinear optical techniques) [3],
controlling material excitations [4], and material structure [5].

Existing and foreseen THz pulse sources generate pulses with a few mJ energy and tens of MV /cm
field strength [6]. Such powerful pulses could boost the energy of THz-driven ultrashort electron bunches
from 10 keV to above 1 MeV [7,8].

This talk will comprehensively overview the high-field THz generation methods, explicitly focusing
on setups using tilted-pulse-front velocity-matching. It will also overview the already demonstrated and
expected applications of THz pulses with high and extremely high field strength.
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