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THz gap: 0.1- 15 THz (3 mm-20 pm)
IR: 15-300 THz (20 - 1 pm)

useful for FEL facilities

" photon diagnostics for FELS
" experiments

Pulse characteristics
" many cycles/single-cycle
" broadband spectrum
" high fields
" carrier envelope phase stabilized/controlled

" close to experiments
" synchronized to FEL, and other laser sources
~ Christoph Hauri— 2012 Free Electron Laser Conference  —Nara, Japan, Aug 31,2012 2
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® Terahertz laser

" Infrared few cycle pulses

" Implementation at
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®" HHG beamline at PSI

® Conclusion

Organic crystal as optical rectifier
broadband, single cycle pulses
carrier-envelope phase

NL pulse compression by filamentation

Seeding towards shorter wavelengths
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Frequency 0.1 1 10 100 1000
[THZ]
Wavelength i . i
1 :
k[um] 1000 100 10 0.1 )

Rectification in LINDO, %0

Opt. Lett. 33, 2497 (2008) = 4a0f

Opt. Lett. 37, 557 (2012) 2
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Plasma based source : =

Opt. Lett. 2005, 30, 2805. o O

Plasma DFG Org. cryst  LiNbO3

. . THz sources
- Difference frequency generation

Opt. Lett 33,2767 (2008)
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*AT>15 fs : : @ Wollastone prism
*A=800 nm - : ’

................ N
Detection

Switch

*E=23 mJ
*AT>15 fs High energy
M<tionm [ T "Measure field strength
*100 Hz Electric field
E<3mJ *Energy o
«AT=65 fs *Transverse distribution
A=1.2-1.6 pm
*100 Hz
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* Highest THz generation efficiency for optical rectification
Organic crystals: =1% conversion efficiency
Inorganic: = 0.1% conversion efficiency

* Velocity matched THz generation for telecom A DAST crystal

* Collinear pump and THz output \NAQ—\
/ /' N—
SO,

* Intrinsically CEP stable

» Crystal types differ in THz absorption
=> crystal according to requested THz range ;

NC

X
Chemical structure

DAST: X =H
CH 8 Co3H6N,05S

3

Chemical structure OH1 DSTMS: X = CHs
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ND filter
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DAST Low [ T Bcse il v
Pass filter
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» good focusability

e >MV/cm

eV =23 THz

» broadband (up to 5 THz)
» close to single cycle
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spectral power density [a.u.]
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Hauri et al, Appl. Phys. Lett .99, 161116, (2011)
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* Thickness: 0.49 mm
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» Free aperture: 9 mm ;zo
» Pump energy: 2 mJ £ .
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> 025
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» Central frequency: 2.65 THz
» THz focus waist: 0.3 mm 35 o2 0 025 05
« Diffraction limit; 0.27 mm
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" limited by diagnostics and pump laser
" half-cycle pulse feasible
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" Infrared few cycle pulses NL pulse compression by filamentation
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Focus depth

Lens ‘

%
P&NP/ -
//L“\

\\ Plasma + saturation of qd >

L Focal length Beam waist Intensity  Kerr effect: diverging “lens” /
s profile

Kerr “lens”: n=ny+n,/r)

yN

Self-broadening and self-compression in Xe using 65 fs OPA output

Ti:Sapphire OPA SW-IR
55 fs FWHM - 20 mJ AT=55 fs FWHM selfreferenced
100 Hz 1200 <A, (nm)<2000 spectral
interferometer

Gas cell (Xenon)

dispersion
compensation

Trisorio et al Opt. Lett. 37, 2982 (2012)
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0 separate dispersive line for experiment and diagnostics
2 online beam arrival time monitor at experiment
2 in nearest neighborhood to endstation
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" HHG beamline at PSI Seeding towards shorter wavelengths
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(=Athos)
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AE=0.35 MeV energy spread
E,=2.4 GeV

40 mm undulator period
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" developed new approach for high power,
single cycle THz pulses based on organic crystals
(1-10 THz, up to 1.5 MV/cm, 0.5 Tesla)

THz electric field [MV/cm]
TR

" Few-cycle pulse generation by nonlinear pulse
compression @ 1.5 um

Temporal Intensity

" Pump-probe laser installation at SwissFEL
endstations

" HHG developments towards seeding
at shorter wavelengths
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" developed approach for high power, R
single cycle THz pulses based on organic crystals ¥ ] WMN -
(1-10 THz, up to 1.5 MV/cm, 0.5 Tesla) W
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" HHG developments towards seeding
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Thank you for your attention




