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Outline
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« Background

* Frequency downshifting in a nonlinear plasma wake
* Mid-IR pulses (3-20 um) using Ti:sapphire lasers
* THz pulses (2-12 THz, or 25-150 ym) using CO, lasers

e Summary
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Applications of ultra-short mid-IR/THz pulses

HHG & Attosecond science
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THz acceleration
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Conventional ultra-short mid-IR/THz sources

Mid-IR sources

« OPA/OPCPA!

* DFG?

« Two-color filamentation?
« CO, lasers*
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THz sources

 Optical rectification®

« DFG®

« Two-color filamentation’
 Laser-solid interaction®

Plasma (frequency converter)
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Laser wakefield acceleration (LWFA)
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Photon deceleration
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Electric field [ mcw,e™ ]

Photon deceleration
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Photon deceleration in a tailored plasma structure
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pulse duration (fs) Density (X 10" cm™)

Wavelength (um)

Photon deceleration in a tailored plasma structure
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Experimental setup
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100 TW laser platform at National Central University, Taiwan

Main beam

Reference beam
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Experimental setup (schematic)
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IR pulse generation, blad d d shock D'STance(mm .
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XFROG results
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Retrieved IR pulse
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Wavelength tunability (3-20 um)
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 Varying plasma density profile and laser energy
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THz pulses generated by CO, lasers
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» Using the same scheme of photon deceleration
* Ti:sapphire laser - CO, laser
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12-2 THz ~30 THz ~300 THz
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Picosecond TW CO, laser facilities
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PIC simulations using OSIRIS gquasi-3D code
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Peak power: 1.1 TW
Peak field: 2280 MV/cm
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InNing

(1) At the beg
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(2) Pulse compression
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(3) THz generation
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Frequency tunability (2-12 THz)
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« Varying plasma density at converter section while keeping other
parameters unchanged
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Summary

1
nature —

Frequency downshifting in a tailored plasma structure was photopics
proposed and demonstrated to generate relativistic single-
cycle infrared pulses tunable in the range of 3-20 um.

Extending this scheme to THz range (2-12 THz, or 25-150 um)
by using CO, drive lasers.

Thanks for your time!
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Back-up slides




InNing

(1) At the beg
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Wavelength tunability
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Plasma structure by blade-induced shock
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Reference pulse measured by Wizzler
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» Statistical results of 60 shots
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Diagnostics of wakes
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Towards sub-picosecond CO, pulses
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BNL-ATF:

Using mixed-isotope CO,

 UCLA-Neptune:
« optical pumping using 4.3 um lasers

« Self-compression to ~300 fs in a CO, cell
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