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Outline

▪ FLASH THz Afterburner @ Hamburg, Germany

▪ TELBE (ELBE-HZDR) @ Dresden-Rossendorf, Germany

▪ Fritz Haber Institute (FHI) @ Berlin, Germany

▪ CLIO (Paris University) @ Orsay, France

▪ FELIX (Radboud University) @ Nijmegen, the Netherlands 

▪ Novosibirsk FEL (BINP) @ Novosibirsk, Russia

▪ Kyoto University @ Kyoto, Japan

▪ Tohoku University @ Sendai, Japan

▪ CAEP THz FEL @ Mianyang, Sichuan, China 

▪ FELiChEM (USTC) @ Hefei, Anhui, China

▪ 2 facilities in USA

▪ Summary and Outlook



Page 3

FLASH: Superradiance
undulator radiation 

References: 

• R. Pan et al., J. Synchrotron Rad. 26, 700–707, 2019

• T. Golz, PhD thesis, Universität Hamburg. 2018
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FLASH: Superradiance
undulator radiation 

References: 

• R. Pan et al., J. Synchrotron Rad. 26, 700–707, 2019

• T. Golz, PhD thesis, Universität Hamburg. 2018

Topic Detail

Gun DESY L-band gun

Accelerator Superconducting cavities

Bunch compressor 2 chicanes, 1 dogleg

Beam energy & bunch charge < 1.25 GeV & 0.6 - 0.9 nC

Undulator parameters Planar, λU = 400 mm, 9 periods, Kmax = 49

Radiation mechanism
Afterburner undulator, edge radiation and 

bending radiation

Radiation wavelength/frequency 1 - 300 um (and 20 – 900 um)

pulse energy/power Up to 150 µJ

Pulse repetition rate 1 MHz

Pulse duration < 1 ps (micro), < 650 µs (macro)

Polarization Linear and radial

THz window & environment Diamond, UHV to HV

Power/energy measurement
- Radiometer RM3700 (Laser Probe)

- Pyroelectric detector LMW-501(InfraTec)

Temporal profile measurement

- Electro-Optic Sampling (EOS) 

- Spectral decoding electro-optic detection

(EOSD)

Transverse profile measurement
- Pyrocam III camera (Ophir)

- Microbolometer camera

Spectral measurement FTIR based on a reflective lamellar grating

The lamellar grating interferometer

Measured EOSD

Measured

transverse

Profile

Measured interferogram
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TELBE (ELBE-HZDR): 
Superradiance Undulator Radiation

References: 

• M. Gensch presentations

• B. Green, PhD thesis, KIT, 2017

• B. Green et al., Scientific Reports 6: 22256, 2016

Quartz window?

THz pulse-resolved diagnostic system
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TELBE (ELBE-HZDR): 
Superradiance Undulator Radiation

References: 

• M. Gensch presentations

• B. Green, PhD thesis, KIT, 2017

• B. Green et al., Scientific Reports 6: 22256, 2016

Topic Detail

Gun Thermionic DC gun, SRF photo-gun

Accelerator Two 1.3 GHz CW linacs

Bunch compressor RF buncher, two chicanes

Beam energy & bunch charge < 40 MeV & < 1 nC

Undulator parameters Planar, λU = 300 mm, 8 periods, K <  8

Radiation mechanism Undulator radiation

Radiation wavelength/frequency 0.1 – 3 THz

pulse energy/power Several µJ – 100 µJ

Pulse repetition rate 1 - 200 KHz or 13 MHz (CW)

Pulse duration Picoseconds (micro)

Polarization Linear 

THz window & environment Quartz window

Power/energy measurement
- Pyroelectric detector

- Schottky diode

Temporal profile measurement

- EOS

- EOSD

- Arival time monitor system

Transverse profile measurement Pyrocam (Ophir)

Spectral measurement FTIR (Bruker 80V)

Transverse Profiles

Spectral

profiles

Temporal profiles
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Fritz Haber Institute (FHI)
MIR FEL oscillator

References: 

• W. Schoellkopf et al., Proc. of SPIE Vol.9512, 95121L, 2015

MIR Undulator
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Fritz Haber Institute (FHI)
MIR FEL oscillator

References: 

• W. Schoellkopf et al., Proc. of SPIE Vol.9512, 95121L, 2015

Topic Detail

Gun Gridded thermiomic gun

Accelerator Two S-band (2.99 GHz) standing-wave copper linacs

Bunch compressor Subharmonic buncher, chicane, isochronous bends

Beam energy & bunch charge 15 – 50 MeV & 200 pC

Undulator parameters Planar, λU = 40 mm, 50 periods, K = 0.5 - 1.6

Radiation mechanism FEL oscillator

Radiation wavelength/frequency 4 – 48 µm

pulse energy/power 5 – 10 µJ (micro)

Pulse repetition rate 1 GHz (micro), 5 Hz (macro)

Pulse duration 1 – 5 ps (micro), 10 or 12 µs (macro)

Polarization Linear 

THz window & environment Diamond, UHV to unknown

Power/energy measurement

- photovoltaic IR detector (VIGO PEM-10.6)

- Powermeter (Ophir PE50BB)

- Pyroelectric detector (Eltec 420M7-0)

- a sensitive liquid-nitrogen cooled MCT (Judson 

J15D24)

Temporal profile measurement ?

Transverse profile measurement ?

Spectral measurement
an in-vacuum Czerny-Turner grating spectrometer 

(Acton VM-504)

Measured

FEL pulses

Autocorrelation measurements
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CLIO: FEL oscillator References: 

• http://old.clio.lcp.u-psud.fr/clio_eng/accel.html

• J.K.Ortega et al., IPAC2014, THPRO004

Two-colors operation

http://old.clio.lcp.u-psud.fr/clio_eng/accel.html
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CLIO: FEL oscillator References: 

• http://old.clio.lcp.u-psud.fr/clio_eng/accel.html

• J.K.Ortega et al., IPAC2014, THPRO004

Topic Detail

Gun Triode thermo-ionic gun

Accelerator 3 GHz accelerating section

Bunch compressor
500 MHz sub-harmonic buncher

3 GHz buncher

Beam energy & bunch charge 8 – 50 MeV & 100 A in 10 ps

Undulator parameters Planar, λU = 46 mm, 50 periods, K = 0.5 – 3.2

Radiation mechanism FEL oscillator

Radiation wavelength/frequency 3 – 150 µm

pulse energy/power
Pavg ~ 1 W @ 16ns/25Hz

Ppeak ~ 100 MW in 1ps ➔ 100 µJ

Pulse repetition rate 6.25 – 25 Hz (macro), 1/16 GHz (micro)  

Pulse duration 0.5 – 6 ps (micro), 10 µs (macro)

Polarization Linear

THz window & environment ?

Power/energy measurement
- Cooled IR-detectors (INSB, HgCdTe...) 

- Monochromator

Temporal profile measurement ?

Transverse profile measurement ?

Spectral measurement FTIR

Energy vs wavelength

Measured THz transverse profiles

(waveguide effects?)

Power vs wavelength

http://old.clio.lcp.u-psud.fr/clio_eng/accel.html
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FELIX: FEL oscillator References: 

• https://www.ru.nl/felix/

• R.Chulkov et al., Phys. Rev. ST Accel. Beams17,05070, 2014

https://www.ru.nl/felix/
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FELIX: FEL oscillator References: 

• https://www.ru.nl/felix/

• R.Chulkov et al., Phys. Rev. ST Accel. Beams17,05070, 2014

Topic Detail

Gun Triode thermo-ionic gun

Accelerator 3 GHz accelerating section

Bunch compressor
500 MHz sub-harmonic buncher

3 GHz buncher

Beam energy & bunch charge 8 – 50 MeV & 100 A in 10 ps

Undulator parameters Planar, λU = 46 mm, 50 periods, K = 0.5 – 3.2

Radiation mechanism FEL oscillator

Radiation wavelength/frequency 3 – 150 µm

pulse energy/power
Macropulse energy <200 mJ @ 1 GHz

Peak power 150 MW

Pulse repetition rate 25,50,100 MHz (micro), 10 Hz (macro)

Pulse duration ?

Polarization Linear

THz window & environment ?

Power/energy measurement ?

Temporal profile measurement ?

Transverse profile measurement ?

Spectral measurement ?

Example of user’s measured spectrum

FELPower vs U.gap

vs Cavity detuning

Measured transverse temporal profiles

https://www.ru.nl/felix/
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Novosibirsk FEL Oscillator References: 

• O.A. Shevchenko et al., AIP Conf. Proceedings 2299, 020001 (2020)

• O.A. Shevchenko et al., Materials 2019, 12, 3063.
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Novosibirsk FEL Oscillator References: 

• O.A. Shevchenko et al., AIP Conf. Proceedings 2299, 020001 (2020)

• O.A. Shevchenko et al., Materials 2019, 12, 3063.

Topic Detail

Gun 300 kV electrostatic thermionic gun

Accelerator
two 180.4-MHz linacs

Multi-turn ERL, 16 180.4-MHz RF cavities

Bunch compressor
180.4-MHz bunching cavity

A chicane

Beam energy & bunch charge 11 – 42 MeV & < 1.5 nC

Undulator parameters Planar, λU = 120 mm (first FEL)

Radiation mechanism FEL oscillator

Radiation wavelength/frequency 5 – 340 µm

pulse energy/power Pavg < 0.5 kW, Ppeak ~ 1MW

Pulse repetition rate 5.6 MHz (micro)

Pulse duration 50 – 100 ps (micro), 10 µs (macro)

Polarization Linear

THz window & environment Quartz and diamond windows

Power/energy measurement

• a Gentec-EO UP19K-15S-VR detector

• the Schottky-barrier detector

• Scontel Superconducting bolometer 1a

• MCT LN2 mid-IR detector

Temporal profile measurement ?

Transverse profile measurement IR TV camera

Spectral measurement

• a modernized MDR-23 monochromator

• fourier-transform infrared spectrometer

Vertex 70v (Bruker)

THz macropulse

THz macropulse

Measured

transverse profile
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Kyoto University: Coherent 
Undulator Radiation (CUR)

References: 

• S. Krainara et al., IOP Conf. Series 1067 032022, 2018

• N.Terunuma et al., NIM A Vol. 613 (1), 2010 

• S. Suphakul et al., FEL2017, MOP049

THz diagnostic layouts

Measured electron beam parameters
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Kyoto University: Coherent 
Undulator Radiation (CUR)

References: 

• S. Krainara et al., IOP Conf. Series 1067 032022, 2018

• N.Terunuma et al., NIM A Vol. 613 (1), 2010 

• S. Suphakul et al., FEL2017, MOP049

Topic Detail

Gun Photocathode RF(S-band) gun

Accelerator N/A

Bunch compressor A chicane

Beam energy & bunch charge 4.6 MeV & 60 pC

Undulator parameters Planar, λU = 70 mm, 10 periods, K = 0.1 – 3

Radiation mechanism Coherent undulator radiation

Radiation wavelength/frequency 0.16 THz

pulse energy/power 1 µJ

Pulse repetition rate 1.56 Hz

Pulse duration < 1 ps (micro), microseconds? (macro)

Polarization Linear

THz window & environment Quartz and fused silica windows

Power/energy measurement THz10 + VPA

Temporal profile measurement N/A

Transverse profile measurement Pyroelectric detector (PYD-1, PHLUXi)

Spectral measurement Michelson interferometer

Measured interferograms

Spectra from FFT

Measured

transverse

Profile
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Tohoku University: Coherent 
Undulator Radiation (CUR)

References: 

• S. Kashiwagi et al., Infrared Physics and Technology 106 103274, 2020

• S.Kashiwagi et al., IPAC2019, TUPGW033

Variable polarization 

manipulator (VPM) using 

a Martin-pulpett interferometer
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Tohoku University: Coherent 
Undulator Radiation (CUR)

References: 

• S. Kashiwagi et al., Infrared Physics and Technology 106 103274, 2020

• S.Kashiwagi et al., IPAC2019, TUPGW033

Topic Detail

Gun S-band thermionic RF gun

Accelerator A 3m TW linac

Bunch compressor An Alpha magnet, velocity bunching

Beam momentum / energy 30 – 50 MeV

Undulator parameters
Planar, λU = 100 mm, 25 periods, 

Bmax = 0.41

Radiation mechanism Coherent undulator radiation

Radiation wavelength/frequency 2.75 – 3.4 THz

pulse energy/power ?

Pulse repetition rate 5700 pulses / macropulse

Pulse duration < 2 ps (micro), ~2 µs (macro)

Polarization Linear

THz window & environment Fused silica, UHV to air

Power/energy measurement Pyroelectric detector (PYD-1 [PHLUXi])

Temporal profile measurement N/A

Transverse profile measurement Scan detector position

Spectral measurement
• Michelson interferometer

• Martin-puplett interferometer

Measured interferograms and FFT spectra

Measured

transverse

Profile (CTR)
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CAEP THZ FEL: FEL 
oscillator

References: 

• Dai Wu et al 2018 J. Phys.: Conf. Ser.1067 032010
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CAEP THZ FEL: FEL 
oscillator

References: 

• Dai Wu et al 2018 J. Phys.: Conf. Ser.1067 032010

Topic Detail

Gun GaAs photocathode DC gun

Accelerator 1.3 GHz SCRF linac

Bunch compressor RF buncher

Beam energy & bunch charge 6 – 8 MeV & 10 – 100 pC

Undulator parameters Planar, λU = 38 mm, ? periods, B = 0.2 – 0.55 T

Radiation mechanism FEL oscillator

Radiation wavelength/frequency 0.7 – 4.2 THz

pulse energy/power Micro-pulse power >0.3 MW

Pulse repetition rate 54.167 MHz (micro), 1 – 20 Hz (macro)

Pulse duration Picoseconds (micro)

Polarization Linear

THz window & environment A diamond window

Power/energy measurement

TK energy meter

a GeGa detector

a  graphene detector

Temporal profile measurement N/A

Transverse profile measurement Pyrocam IIIHR

Spectral measurement A Fourier spectrometer (Bruker VERTEX 80V)

FEL

energy

FEL 

macropulse

E-beam

signal from CT

Measured

spectra

Measured

transverse

Profile

Interferogram

FEL 

macropulse

FEL signal

from 

graphene

detector
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FELiChEM: FEL oscillator References: 

• H.Li et al., FEL2019, MOA07
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FELiChEM: FEL oscillator References: 

• H.Li et al., FEL2019, MOA07

Topic Detail

Gun An 80 KeV electron gun

Accelerator Two s-band linacs

Bunch compressor A 476MHz SW pre-buncher, A chicane

Beam energy & bunch charge 25 – 60 MeV & 1.2 nC

Undulator parameters Planar, λU = 46 mm, 50 periods, K = 0.5 – 3.2

Radiation mechanism FEL osclillator

Radiation wavelength/frequency 15 µm

pulse energy/power > 1 µJ

Pulse repetition rate 29.75 MHz (micro), 10/20 Hz (macro)

Pulse duration < 5 ps (micro), 5-10 µs (macro)

Polarization Linear

THz window & environment Diamond window

Power/energy measurement A liquid-nitrogen cooled MCT (HgCdTe) detector

Temporal profile measurement N/A

Transverse profile measurement Pyroelectricity camera

Spectral measurement N/A

Measured

transverse

Profile

Blue: Beam current (gun)

Red: Beam current (linac)

Green: Beam current (dump)

Black: FEL intensity
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UCSB FEL Oscillator
Santa Barbara, USA
References: 

• http://www.itst.ucsb.edu

• http://sbfel3.ucsb.edu/

PBPL UCLA 
PEGASUS FEL, USA
References: 

• http://pbpl.physics.ucla.edu/Research/Facilities/PEGASUS/

• G. Andonian et al., PAC2003, 1220-2111

Since 2007: Research in ultrafast 

beam sources and diagnostics

Undulator used for 12 µm SASE at LANL 

(M. Hogan, et. al., PRL, 81 22 (1998))

Waveguide THz

SASE FEL

http://www.itst.ucsb.edu/
http://sbfel3.ucsb.edu/
http://pbpl.physics.ucla.edu/Research/Facilities/PEGASUS/
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Summary & Outlook

▪ Popular THz FEL mechanisms: Oscillator ➔ SUR ➔ SASE

▪ Most popular THz power/energy meter: Pyroelectric detector

▪ Popular THz spectrometer: Fourier Transform Interferometers

▪ Temporal profile measurement methods: EOS and EOSD

▪ Transverse profile measurement: Pyroelectric camera

▪ Find ways to measure 

• pulse-to-pulse energy stability ➔ Fast detector with response time + decay time constant < 1 µs 

• Arrival time

▪ Future presentations

• Review of THz detectors

• Final design and simulation of THz diagnostic system for PITZ4


