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Beamline system at NovoFEL
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NovoFEL radiation parameters

Laser Terahertz Far-Infrared Infrared
Status In operation since | In operation since | In operation since
2003 2009 2015
Wavelength, mm 907 240 3771 80 81 11 (77 30)
Relative line width (FWHM), % 0.27 1 0.27 1 0.17 1
Maximum average power, kW 0.5 0.5 0.1
Maximum peak power, MW 0.9 2.0 10
Pulse duration, ps 3071 120 207 40 1071 20
Pulse repetition rate, MHz 3.71 224
Polarization Linear, > 99.6 %
Beams Gaussian beams with diffraction divergence
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Typical radiation of THz NovoFEL - 178 ns & 7=5.6 MHz 100 ps
continuous train of 100 ps pulses: ,\/ .




Beamline system at NovoFEL

ATransmission line is filled with dry nitrogen/air mixture now
ATransmissiorline can easily be transformetb vacuum system
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Beamline system at NovoFEL

Transport channels in accelerating hall
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Diagnostics of NovoFEL radiation
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OnHline

grating spectrometer:

Ultra-long resonance waveguideacuumFabryPerotinterferometer:

Diagnostics of NovoFEL radiation
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Two lengths of coherency in FEL

Pulses in resonance unstable regime:

The same colors are coherent, the different colors are not coherent
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LMAX= laser limit = (Laser power/Power of spontaneous emissidg)=b 1 v, (N ¢ number of photons in optical
resonator) 7



Importance of radiation coherency

Intra-pulse coherency is important for spectroscopy based on fieduction decay radiation:

Exciting pulse Free induction decay (FID) d ] ] ! i 1 FID of OHadical
radiation ns .

TR (2 lines)
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Ultrafast spectroscopy of unrepeatable
(unstable, single) phenomena

Total laser coherency is important for creation effective monochromatic tunable laser sour:
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Spectral intensity (a.u.)

Ultrafast (single pulse) time-domain spectrometer
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NovoFEL spectra, Regime of strong SB-instability:
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Fast photochemistry: Dynamics of OH radical
NovoFElpulses
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Sensitive FID spectroscopy in magnetic fields
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Intensities for ignition and quenching of
CW optical discharge sustained by-66 pulses oNovoFEL
at<=130 mm

Terahertz optical discharge

Gas Ar He N, Air .
Breakdown threshold
(GW cnv) 1.1 1.18 1.23 1.36 1.38
Quenching intensity
(GW cnv) 0.51 0.91 1.00 0.90 1.20

argon:
P = latm
T = 30 000 K(record value)

THz range is optimal for higtemperature
optical discharge

Hightemterature point stabilized CW optical discharge i
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EPR spectroscopy. Spintronics of magnetoactive materials

Infrared NovoFELswitch up
TerahertzNovoFELswitch down
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Nanoparticles. Ablation by ultra-sonic waves in water

Terahertz irradiation (5.6 MHz) of water results in formation of nanosized hydrosols of cell material
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Specific damage of living systems by ultra sonic waves

unduced pulse-periodical THz radiation

AFM characterization showed that morphological changes emenpletelydestructive
after 15-seconds of THz radiation exposition

Initial:
a - hepatocytes
b - erythrocyte
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Dynamics of burning and detonation in hydrogen-oxygen mixture

External clock

NovoFElpulses Window
5.6 MHz

Schottky

A A /\ A diode‘

>3

Ignition
Pulse
generator

Trigger pulse

Wavelength of NovoFEls tuned to a determined
absorption line of HO or OH radical



Dynamics of burning and detonation in hydrogen-oxygen mixture
High-speed image acquisition of detonation in transparent pipe
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Material optical properties. THz ellipsometry

Accuracyof measurement®of
ellipsometricparametersis 0.5c
for.- I G/ORforco n v

ma e D TIR Prism

.-II
o %or e Decan N=146:"0.03 |
= = .,
T 75+ . .
< ~ Alcohol N=1.49-0.12
& 60-
S
O 45t “+ Water N= 2.00-0.48i

™ Medical substances

1 1 1 | 1
15 30 45 60 75 90
Psi, degree

MG33

photolithographic
polarizers

Cu & Si

prisms

19



Semiconductors. One-color THz pump-probe spectroscopy
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Surface plasmon polar
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THz Bessel beams with angular orbital momentum
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