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Motivation

e Characterization of the FELSs radiation

 Important for user experiments in the field of high-resolution
THz spectroscopy
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1) Hyperfine coherency — coherency between pulses radiated by one intra-cavity pulse:
Av=c/2L,
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2) Fine coherency — coherency between all radiated pulses:

Av=c/A=cm/2L,
A m=2
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3) Intra-pulse coherency — coherency inside pulse:

AV = ¢/ Lyippage = ¢ / AN , unstable regime, side-band instability on trapped electrons
Av=c/L .= 1/At , stable regime, Fourier-transform limit

The all coherency are independent. Hyperfine coherency is present a priory
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Laser Terahertz Far-Infrared Infrared
Status In_operation In_operation In_operation
since 2003 since 2009 since 2015
Wavelength, um 90 — 240 37-80 8 - 11 (7-30)
Relative spectral width (FWHM), % 0.2-2 0.2-2 0.1-1
Monochromaticity 2:108
Maximum average power, kW 0.5 0.5 0.1 (1)
Maximum peak power, MW 0.9 2.0 10
Pulse duration, ps 70— 120 20-40 10-20
Pulse repetition rate, MHz 5.6; 11.2; 22.4 7.4 3.7

Polarization

Linear, > 99.6 %

Beams

Gaussian beams with diffraction divergence

Typical radiation regime of THz NovoFEL
with 1 pulse in optical resonator is
continuous 5.6-MHz train of 100 ps pulses:

Fourier transform of coherent laser pulses:

Number of pulses inside optical resonator:

/\ 178 ns & f=5.6 MHz ~100 ps
y -t
f=5.6 MHz
Hyperfine mode structure with
| 2/At =6 GHz

Av=f=c/2L = 5.6 MHz

i
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I — radiated FEL pulses (beams) 1 — electroformed metallic meshes
II — Iens beam compressors and wavefront correctors 2 — hollow dielectric waveguide (glass tube)
IIT — mesh resonance Fabry-Perot interferometers 3 — different detectors
IV — detector systems
a) KAERI FEL: A =107.2 mm -
L = 53.6 mm (m=1)
il )| v FPI-1 L
A , | L — Lipy,=107.2 mm (m=2) fine
. | e
I )::><
I I ‘\ | T P
— 3 Lpp; ;=536 mm (m= 10)
11 dense 20-um meshes hyperfine
Lrpi .
b) NovoFEL.: -
I I v A =26589 mm .
, ‘ \, ‘ — Lypy=2658.9 mm (n=5) | 0
. | : . == B
I -
| .
3 A =53178 mm
1 2 1 — hyperfine
) Lem . Lip;=2658.9 mm (n=10)~

Resonance Fabry-Perot Interferometer (FPI):
Lpp;= N/ (2n) or Lyp; = (A/2)-m, where A 1s the distance between pulses and n and m are integers.

Two operation modes of the FPI:

a) Slow, Frequency-domain, P, . = P(L zp) ; b) Fast, Time-domain, P, = P(t, Lp; = const)

ransmitted
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On-line
grating spectrometer: i

Filtering & it
Amplification Wavel ength(mkm)
CRC208 20- Windows Position Scanning DATA
hannel ADC Markers
Curr.Counter Pos ()mu-nlwl Range % Cyclic J |
5468 Mtn 132.73 mkm e I 14024 Amp: 0.000 <>
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" OFF DeltawL: 4.70
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142 — Apply | WL = 14 nt)= 1
Data transfer | S!wi imin=f0.000 __TU7 | o
Lattice Selection WL(Maq) = | 142.72 Imax + 0,030
. . % View[lll ~]prev.spectrums. i)« 1,194 Save Data |
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Typical regime of the NovoFEL: 1 pulse inside optical resonator
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Monochromator
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Ultra-long resonance waveguide vacuum Fabry-Perot interferometer: yp P
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Experiment

FPI instrumental function
(Ni meshes)

Lines Av/v = 10”7

Convolution of line
Av/v =107 and
instrumental function

Visible difference in contrast
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NovoFEL lines (longitudinal modes) Av/v < 5-10-% (Av £ 100 kHz) — upper estimate:

(Aviv),,.. = A/ (Quality of passive optical resonator x 2 optical resonator length) = A/(Q - 2L)=2-107
(Av/v),;, = Schawlow-Townes limit = A /(Q - 2L-N); N — number of photons in optical resonator (101°)

Main task here is measuring of real monochromaticity of the hyperfine lines.

Gold meshes with maximal density can increase FPI resolution (fineness) in 4 times only compare to
present nickel meshes. We need to go from frequency-domain to time-domain.
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f=11.2 MHz, 2 pulse inside optical resonator
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Spectra for f= 5.6 MHz (1 pulse) and f=11.2 MHz (2 pulses) are identical.
Full absence of coherency between 2 pulses in optical resonator of the NovoFEL

Reason: Jitter of/f >> A/2A =Am/2L,=5-10

Very useful properties for time-domain experiment
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Conclusion

The fine mode structure of the KAERI FEL radiation with a line
monochromaticity of 10+ was found (10 coherent intracavity
pulses, 1/5 part)

The hyperfine structure of the NovoFEL with a line
monochromaticity of 2.2-10-® was measured (coherency length is
7 km). There 1s no fine mode structure or coherency between
different pulses inside the optical resonator

Knowledge of the real structure of the FEL’s radiation 1s
important both for their characterization and for different user
spectroscopic methods developed on the facilities






