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Results of heterodyne mixing of the emitted electric field of synchrotron radiation in the THz-regime
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Synchrotron radiation in a storage ring is a frequency comb
Abstract: Using heterodyne spectroscopy we observe the electric field of f/f,

effects of the filling pattern structure in multi-bunch mode on the beam spectrum
as well as measurements of the synchrotron frequency.

synchrotron radiation in the THz-Regime. Our measurements of the emitted 95?78 95?80 95?82 95?84 95?86 95?88 95?90 95?92 95?94
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While the bandwidth of interferometers or grating spectrometers in the Terahertz

regime are typically limited to some hundred Megahertz, heterodyne =100 ~{utinvotl ot b ! napurtter 50 Lot o) Wauirgn o nsns M2 it i bt 1) Vit B gt o Vet W by et 1 gt 0\ o ot it ¥4 Mg
measurements can provide resolutions of better than 1 Hz. By mixing the | | | | | | | | |
electric field of the radiation into the baseband, off-the-shelf electrical spectrum
analyzers can be used to measure coherent synchrotron radiation.
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° 21 .5 GHz 40 GHz Signal | . A = | |aA 2 1 ,
Generator b | e S (f) X DET {SF (t) f} < Sp (f) 272.63605 27263610 27263615 272.63620 272.63625 272.63630 272.63635 27263640
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Harmonic number (p): 100418 !
7.5 kHz comb ! RBW: 1 kHz
(Synchrotronfrequency) I VBW: 1 Hz
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Beam energy: 1.3 GeV

Accelerator frequency: 499.715 MHz ¢ \iiver: VDI WR3.4SAX The Spectrum consists of a frequency comb with a line spacing of the repetition

Revolution frequency: 2.715 MHz e 220 GHz to 330 GHz frequency, multiplied by the discrete Fourier transformation of the filling pattern and o ,
Synchrotron frequency: 7.5 kHz e 20 GHz IF bandwidth multiplied by the spectrum of a single pulse (broadband synchrotron spectrum) - - - 0
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Influence of filling pattern in multi-bunch fill:

- . See also:
Revolution frequency harmonic
94916 94918 94920 04922 94924 04926 94928 04930 94937 94934 94936 04938 94940 94942 94944 94946 04948 94950 04950 94954 04956 94958 04960 94962 94964 94966 94968 94970 94972 J.L.Steinmann et al., Frequency comb spectrum of periodic patterned signals”, submitted to Phys. Rev. Lett.
70 ! ! , , , , , , , , , , , , ‘ : ‘ : ‘ : ‘ : ‘ : ‘ : ‘ : ‘ : ‘ : ! ‘ : ‘ : ‘ : | J.L.Steinmann et al.,”"Non-interferometric Spectral Analysis of Synchrotron Radiation in the THz regime at
N T T N T N N N N N N N D O B O O A NS A “Filling patern ANKA" IPAC 2015, TUPWA043
75— . I\I/Ieas:.urerlnent: O %200_ J.L.Steinmann et al.,"Influence of Filling Pattern Structure on Synchrotron Radiation Spectrum at ANKA”, IPAC
. oo © Theory(saled RN RN 2010 wEpOOTS
% -85 — | | | | | | | | 0 | ? é 0 I I I I I I I I
= A I T R S A A SN SN S S SN S A NN S S SR ¢ 3 23 46 69 92 115 138 161 184
& ] | | o ‘! . | sl | -y T . | | | | | Acknowledgements: We would like to thank J.L. Hesler from Virginia
e 1 ' W WWWWMWMWWWW sl IR U R U e Diodes for supplying us with the WR3.4SAX Schottky mixer and

-1004 " P> 1 0 e b R,

o excellent support during the beamtime as well as Y.-L. Mathis and his
_105 ; il ; | ; Ii ; | | ; | | ; | | il | | | Ii | | ; 0 | ; | | ; il ; | ; Ii ; | | ; | | ; | | ; | | | 0 Ii | | | | ; | | ; | | ; | ; | ; | ; | | ; | | ; ] ]
257.79 257.80 257.81 257.82 257.83 257.84 257.85 257.86 257 .87 257.88 257.89 257.90 257.91 257.92 257.93 team from the ANKA Infrared-Group. This work is supported by the
Frequency / GHz Helmholtz International Research School for Teratronics (HIRST).

KIT — The Research University in the Helmholtz Association



