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THz source at SwissFEL

Laserhutch

•• low timing low timing jitter FEL jitter FEL �� pump/probe laserpump/probe laser
•• characterize temporal jitter shotcharacterize temporal jitter shot--toto--shotshot
•• large wavelength range to be covered large wavelength range to be covered 
(THz...VIS....DUV...soft x(THz...VIS....DUV...soft x--rays)rays)

•• multimulti--cycle and singlecycle and single--cycle pulses, pulse trainscycle pulses, pulse trains
•• carriercarrier--envelope phase stabilized pulsesenvelope phase stabilized pulses
•• long beam path from long beam path from laserhutchlaserhutch to to EHsEHs (up to 40 m)(up to 40 m)
•• high stability and flexibility at user stationhigh stability and flexibility at user station
•• enduranceendurance

• single-shot FEL pulse duration
• time structure of FEL pulse
• single shot jitter monitor FEL pulse vs pump/probe laser
• arrival time monitor (sidebands)
• proven for soft x-ray FELs

Nature Photonics 3, 523 (2009)

energy stabilityenergy stability < 1< 1--2%2% required for required for OPAsOPAs

timing jittertiming jitter 100 100 fsfs for EH2 and EH3for EH2 and EH3

<10 <10 fsfs for EH1for EH1

wavelength rangeswavelength ranges 750750--850 nm850 nm 20 20 mJmJ fundamental laserfundamental laser

wavelength wavelength Ti:sapphireTi:sapphire

200200--1000 nm1000 nm 0...1mJ0...1mJ SCSC, MC, MC

11--20 um20 um 0...500 0...500 µµJJ SCSC, MC, MC

11--15 THz15 THz 0...20 0...20 uJuJ HC, SCHC, SC, MC, MC

repetition raterepetition rate 0...100 Hz0...100 Hz

fieldfield--sensitive experimentssensitive experiments yesyes CEP stabilizationCEP stabilization in EH1in EH1

power levelpower level 20 20 mJmJ 1 line (freq. conversion) 1 line (freq. conversion) 

20 20 mJmJ 1 line (SC pulse generation)1 line (SC pulse generation)

>>20 >>20 mJmJ 1 line (THz)1 line (THz)
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•• independent THz source for independent THz source for SwissFELSwissFEL foreseenforeseen
•• THz synchronized to hard xTHz synchronized to hard x--ray for experiments andray for experiments and
diagnosticsdiagnostics

•• either lasereither laser--based or acceleratorbased or accelerator--based approachbased approach
•• both schemes currently under investigationboth schemes currently under investigation

EH1EH1 EH2EH2 EH3EH3

• several MV/cm, > 1 Tesla
• single cycle/half cycle pulses of < 1 ps
• THz pump pulse up to 1 ns prio to x-ray probe pulse

• pulse compression
• few cycle pulses CEP 
• jitter < 10 fs
• OPAs
• THz,...
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• pulse compression
• multi-cycle pulses 
• jitter <  100 fs
• OPAs
• THz,...

• pulse compression
• multi-cycle pulses 
• jitter <  100 fs
• OPAs
• THz,...TT
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Requirements laser system

HC: half cycle pulses, SC: single cycle HC: half cycle pulses, SC: single cycle pulses,MCpulses,MC: multi cycle pulses: multi cycle pulses

Laser characteristics

• Ti:sapphire amplifier
• CEP stabilized
• 2x20 mJ, 1x 100 mJ
• 100 Hz
• diode/flash pumped

1st floor
online diagnostics and control at experimentonline diagnostics and control at experiment
-- single shot pulse energysingle shot pulse energy
-- beam pointing/beam positionbeam pointing/beam position
-- timing jittertiming jitter
-- pump probe delaypump probe delay
-- CEP phaseCEP phase
-- temporal and spatial profiletemporal and spatial profile

User information/control
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