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Development of Terahertz Molecular Optical Modulator Based
on Hollow-Core Photonic Crystal Fiber
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A molecular optical modulator operating at a frequency in the terahertz region based on
a hollow-core photonic band gap crystal fiber (HCPCF) was proposed. The theoretical
consideration revealed that the proposed scheme is achievable under feasible conditions of
a pump beam power, a length of the HCPCF, and a pressure of molecules introduced in a core
of HCPCF. It was also found that an interval time between pulses in a pump pulse train has
a critical role to determine the efficiency for the excitation of coherent molecular motion in
a HCPCF. Fortunately, the rotational transition of hydrogen (S¢(1)) at a pressure of around 1
atm has a dephasing time enough to maintain its molecular coherence against a commercially
available mode-locked laser operating at a frequency of 1 GHz. Although the phase mismatch
between the fundamental (probe) beam and sidebands or the pump beam affects the molecular
modulation process significantly, we expect that it can be optimized by the use of a kagome type
HCPCEF that has a moderate waveguide dispersion because the phase-matching condition is
satisfied under zero-dispersion regime. In the experiment, we tried to excite coherent molecular
motions of pressurized hydrogen injected in the newly designed pressure-resistant HCPCF cell
by a highly repetitive ultrashort-pulse laser and to probe the coherent molecular motion using a
continuous-wave laser. Unfortunately, Raman sidebands as a result of the molecular modulation
have not been observed at this time. However, we believe that an appropriate control of the
total dispersion of the HCPCF will lead to the modulation frequency of more than 10 THz and
it will open a door for excited applications in optical communication, precision physics, and

other fields of optical science.
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