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SwissFEL overview 

 

SwissFEL parameters  
e- Energy:  5.8 GeV  

e- Bunch charge: 10-200 pC  

Repetition rate: 100 Hz/ double bunch 

Wavelength from: 1 Å - 70 Å  

Photon energy: 0.2-12 keV  

Pulse duration: 1 fs - 20 fs  

 

 

Aramis:  
1-7 Å hard X-ray SASE FEL, In-vacuum , planar 

undulators with variable gap.  

User operation from mid 2017  

 

Athos : (2nd phase)  

7-70 Å soft X-ray FEL for SASE & Seeded operation . 

APPLE II undulators with variable gap and full 

polarization control.  

User operation end 2019  

Existing test facility 

http://www.psi.ch/swissfel/swissfel 

L. Patthey X-ray FEL sources October 15, 2012 La3Net, Laser School GANIL, Caen (France)  

 

 

 

SwissFEL 
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http://www.psi.ch/swissfel/swissfel


SwissFEL lasers 

Ultra-stable gun laser in the deep- UV with beam-shaping for low emittance 

 

Laser heater in the IR to avoid micro-bunching instabilities 

 

Experimental laser with highly tuneable output  

 

... seeding laser+ diagnostic lasers 
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Photo-injector 

GUN 2.5 cells 
RF:    2998.8 MHz.  

Cavity peak acceleration:  120 MV/m  

Maximum  charge:   200 pC  

Peak current:   20A  

Cathode:    Copper 

Pr. norm.emittance (200pC/10pC):  0.275/0.114 mm 

Thermal emittance (200pC/10pC):  195/92 nm 

 

LASER 
Wavelength:   ~260nm  

Energy on the cathode:  60mJ  

Pulse length:   4-10ps with risetime <700fs  

Repetition rate:   100 Hz, double pulse (28nsec)  

Spot size:    Variable flattop 0.1-0.27mm 

Energy stability :   <0.5%rms 

Pointing stability/size:   <1%rms 

Timing jitter vs RF ref.:   <40fs rms (<10fs*) 

 

Energy stability :   <0.5%rms 

Pointing stability/size:   <1%rms 

Timing jitter vs RF ref.:   <40fs rms (<10fs*) 

SwissFEL 
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* See slide 36 
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Motorized 

apertures 
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Jaguar/Pulsar 

Camera 

Variable attenuator 

Energy meter 

Temp / Hum sensor 

In vacuum 

transfert line 

Fin 250 MeV e- gun 

UHV 

mirror 

Shutter 
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The current setup SwissFEL 

• Jaguar : Nd:YLF oscillator at 1047nm  + 

regen+ 4th harmonic, 150uJ in the UV 

• PULSAR: Ti:Sa broadband FemtoLaser 

oscillator + CPA+ 3rd harmonic + stacking, 

30mJ in the IR up to 1mJ  in the UV   

Common beam-transport 

Mode-cleaning 

Transverse shaping 

Longitudinal shaping 

Photonics experiments 



Jaguar Pulsar  

Directly diode pumped Pumped by diode pumped lasers 

1 Regenerative amplifier stage 4 amplifier stages (3 multipass) 

Short overall path length Long amplification path 

Single box solution Individual optical stages 

Good pointing stability Slow drift 

SESAM mode-locking Kerr-lens ML 

CLX synch and new T&S synch. Femtolock 

Gaussian beam/ fixed pulse length Pulse stacking 

4th harmonic a the gun 3rd harmonic at the gun 

< 1% rms stability (UV at gun) ~1.2% rms stability (UV at gun) 

Low maintenance Low maintenance 

Sufficient for laser heater Sufficient for laser heater 

Could we have best of both? 
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The laser systems SwissFEL 



New gun laser 
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Directly diode pumped compact laser system: 

• Low noise fiber seed (same as our optical reference laser) 

• Fiber preamplifier 

• Yb:CaF2 high power amplifiers 

• Compact sub-ps system 

BUT higher photon 

energy in the 4th 

harmonic  

(see thermal 

emittance) 

 

267nm  260nm 
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Thermal emittance 

For X-FEL ultralow emittance is required for high brilliance: 

 

 
 

 

 

 

 

Thermal emittance from the gun becomes significant 

 

Contributions to thermal emittance: 

 

• Cathode workfunction (material property)  

 

• Cathode surface quality (varies from cathode to cathode) 

 

• Schottky-effect (can be determined at fixed wavelength by changing gun phase or gun field or by keeping 

gun parameters and scanning the well known photo energy) 

 

• Laser wavelength/photon energy 

 

• Laser beamsize 

 

 

Emittance/ 

Charge 

Core slice Projected 

10pC 0.18mm.mrad 0.25mm.mrad 

200pC 0.43mm.mrad 0.65mm.mrad 

One can scale photon energy to get lower intrinsic emittance at the cost of lower QE 



Wavelength tuning at DC gun 

Hauri et al. Phys. Rev. Lett. 104, 234802 (2010) 

 DC electric field   25 MV/m 

 Solenoid field  175.9 mT  

 Beam- energy  6 MeV  

 Charge density  0.42 pC/mm2  

 Measurement method  pepper pot  

    solenoid scan 
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Wavelength tuning at SFITF/ method  
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Tune laser wavelength to determine effective work-function 

 

 



Wavelength tuning at SFITF  

Ti:Sa, 10 ps flattop (stacked);  

10 pC @ s=0.15 mm;  

     7% increase in th 

     55% increase in QE  
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QE Emittance/beamsize 

267.5nm 1.04e-4 584 nm/mm 

260nm 1.62e-4  626 nm/mm 

Nonlinear behavior still to be explained 

Gun model at 200pC 

 at 10pC 

Measure core-slice emittance at different wavelengths  as a function of laser spot-size 

260nm laser is within specification 

New gun laser 

 

266nm  260nm 
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Pulsar 

vs. reference 

Jaguar 

vs. reference 

Limited by relaxation oscillations of the 

laser to ~40fs 

~43fs total integrated jitter limited by 

relaxation oscillations of the laser 
~30fs total integrated jitter, which could be 

improved to 10fs with increased loop bw. by 

an optical lock 
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Limitations 

 

Measurement 

The RF based phase detection can drift by ~10fs (this is not the main limit!!!) 

Optical phase detection can be better ~1fs 

 

Feedback  

Bandwidth of the control determines where noise is improved (piezo-mirror-system and piezo driver)  

Relative jitter above this is higher and is determined by the laser (F.e. for the PULSAR it is ~18fs) 

 

The jitter at the gun is drift at the oscillator!! 3GHz, 80MHz and 10Hz are very different regimes! 

  

The oscillators 

Outside the bw of the loop, 

limited by the laser Much lower inherent noise 

REQUIREMENT 

Timing jitter vs RF reference 

<40fs rms (<10fs*)  

at 100Hz at the gun! 

 



The oscillator can perform very well to 10fs jitter, but what 

happens in the rest of the system? 

 

• Amplifier crystals (cooling, thermal expansion) 

 

• HV electro-optical switches (Voltage change, temperature drift) 

 

• Regenerative amplifier (cavity length changes) 

 

• Compressor/stretcher (relative vibration between optics) 

 

• Long transport lines (vibration, environmental changes) 

 

• Conversion stages (single-cycle, THz, UV…) 

 

Systematic studies are needed to understand possible impact 
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Timing jitter/ drift sources* SwissFEL 

* Drift <10Hz, Jitter >10Hz 



Effect over total 

beampath 

 

PtP 

variation 

 in laser hutch 

PULSAR JAGUAR 

Humidity 5.5% -140fs -50fs 

Pressure 10mbar 740fs 266fs 

Temperature 0.83oC 

 

-220fs -80fs 

Cooling water contribution in pulsar  ~40fs/oC 

M. Kaiser (T&S)  

Environmental parameter/ 

Time drift per meter in air 

 

Ciddor equat. 

Temperature variation  -3.16fs/deg  

At 34%hum. 

Pressure  8.88fs/ 

10 mbar 

Relative humidity  -0.3fs/10%hum 

At 19.7deg 

Confirmed by measurements on the Jaguar laser 
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Environment SwissFEL 



8.6pC/deg 

20.3%/deg 

Phase sensitive 

Operational 

Phase insensitive 

Krasilnikov et al BIW10 measurements at PITZ 

The measurement 

Measure charge on BPM 

Measure all contributors: 

•RF amplitude 

•RF phase 

•Laser amplitude 

 

Map out correlation factors 

Stabilize all parameters  possible 

Work with fixed paramaters 

 

Aim: 

Estimate laser vs RF jitter at the gun 

 

Map out correlation to environmental 

changes 

 

Look into coupling between 

parameters 
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Measurements on the gun/ method SwissFEL 

Using Schottky-slope of the RF pulse 

Residual uncorr. jitter between  BPM’s 

17fs resolution 



CLX 

New T&S synch. 3
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RF feedback OFF 

 

• Laser amplitude stabilization running  

• Charge is measured on 2 BPM’s 

• RF parameters measured at gun+ RF feedback  

• New synch unit available  

• New commercial Femtolock for PULSAR 

• Pointing stabilization available 

Jaguar 
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T. Schietinger 

Marta Divall       La3Net workshop 20th February 2013 CERN, Geneva 

Measurements on the gun/ setup SwissFEL 

https://elog-gfa.psi.ch/SwissFEL+Injector/120315_084529/Laserovernight_15_03_2012_FINSS60deg_RFfeedback_OFF_Laser8uJ.jpg


RMS values over 1 hour RF with 

feedback ON CLX 

RF  

Feedback OFF new T&S 

RF feedback ON  

New T&S synch. 

Pulsar 

New Femtolock 

Charge jitter 26.5% 8.4% 3.3% 2.37% 

Relative phase jitter from charge 1.2ps 374fs 150fs 190fs * 

Laser amplitude 0.78% (36fs) 1% (46fs) 1% (46fs) 1.16% (87fs) 

RF Amplitude 0.29% (13 fs) 0.34% (16fs) 0.32% (15 fs) 0.21% (15.8fs) 

Phase of RF 48fs 335fs 65fs 57.3fs 

Residual jitter of the laser oscillator+ 

beamtransport 

~1.19ps 159fs 126fs 158fs 

Oscillator jitter ** 43fs 43fs 35fs 

Estimated jitter of beamtransport 

(detector noise contribution TBC) 

153fs 118fs 154fs 

Jaguar 

* Different RF slope measured on this day  ** Measured offline at different times (TBC) 

We are in the 150fs range with beam transport jitter! 

What could we do with feedback? 

Pulsar 

2.4%rms 

Measurements on the gun/ results SwissFEL 



Measurements on the laser / Setup 
 

 
Oscilloscope (LeCroy WaveMaser 816Zi-A) 

• Sampling Rate: 40 GS/s 

• Bandwidth: 16 GHz 

 

 
 

 

Photodiode (UPD-50-UD) 

•Rise Time < 50ps 

•Spectral Range: 170 – 1100nm 

90fs resolution 
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Measurements on the laser/ results SwissFEL 
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 Correlate optical reference against gun laser 

Miura et al, Timig stabilized regenerative amplifier with spectral-resolved cross-correlation technique OSA TOPS vol.50 ASSL p517-521 (2001)  
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Timing jitter measurement/ future plans 

50fs steps 

Balance needs to be 

found between 

resolution and range 

800nm vs reference 
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THz generation in organic crystals 

0.1 THz 
(x1012 Hz) 

1 10 100 1000 

Ti:sapphire lasers DFG lasers optical rectification 

in organic crystals 

CO2 laser 

DAST (4-N,N-dimethylamino-4’-N’-methyl stilbazolium tosylate 

Hauri et al, Appl. Phys. Lett. 99, 161116, (2011); Ruchert et al Opt. Lett. 37, 5 (2012); Ruchert accepted for PRL 
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DAST, DSTMS and OH1  



THz streak camera 

Experiment planned with XUV from HHG and THz from organic crystals 

P. Juranic, P. Peier 



IR pulse compression by filamentation 

Self-broadening and self-compression in Xe using 45 fs 

OPA output 

Trisorio et al Opt. Lett. 37, 2982 (2012) 
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Filament cathode 
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High charge/ high QE ~0.9%  

X100 comparred to conventional metal cathodes 

 

Low emittance due to small emitting area   

A. Anghel et al. PRL 108, 194801 (2012) 



HHG development – towards seeding at short  

new HHG 

beamline at PSI 

• PM in capillary up to 8.8nm (140 eV) 

• Elaser 1 mJ in capillary 

• 1 kW in 5% BW @ 140 eV (TL)  

• improvements required for seeding 

•   (peak power, cutoff extension) 

http://www.photonics4life.eu/var/plain_site/storage/images/p4l2/about-photonics4life/members-partners/laboratoire-d-optique-appliquee/33730-4-eng-US/Laboratoire-d-Optique-Appliquee.jpg


The group 

Group leader 

Christoph Hauri 

 

Group members 

Fernando Ardana-Lamas 

Christian Erny 

Clemens Ruchert 

Alexandre Trisorio 

Carlo Vicario 

Beam dynamics/ opertion 

Simona Bettoni 

Eduard Prat 

Bolko Beutner 

Masamitsu Aiba 

Thomas Schietinger 

 

Diagnostics 

Rasmus Ischebeck 
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the whole SwissFEL team 

http://www.psi.ch/swissfel/
http://link.springer.com/journal/340
http://link.springer.com/journal/340/105/2/page/1
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SwissFEL 



Arrival time and bunch energy at 

compressor chicane entry is 

crucial for good compression 

 

 

 

The laser can also be broken down to ‘noise contributors’  

•Reference distribution 

•Laser 

•RF at the gun 
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Why is the timing jitter requirement so tight? SwissFEL 



M. Kaiser T&S 

•Laser energy and phase are both affected 

by the mains 

 

•Triode heater for high voltage EO switch 

was not stable 

 

•External DC powersupply solved the 

problem 

 

•Measurements on machine confirm, that 

phase jumps are also gone 

 

Energy stabilized 

Charge still varies 

 

•To study these effects an independent 

online measurement of the laser phase is 

needed (LAM) 

 

•What can we do without a LAM or BAM 

on the test injector? 
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Sensitivity to mains power SwissFEL 



• relay imaging 2f-2f throughout  

  whole laser system 

• spatial filtering conical capillary  

• deep UV laser propagation  

  in vacuum transfer line (1e-6 mbar) 

• keep same intensity in THG  

  for sake of stability 

Amplifier 

After 4 mm diamter aperture 
E=63 uJ 

Beam ellipticity= 1 

Angular RMS=0.90 

Radial RMS= 0.76 

On the cathode 
E=32 uJ 

Beam ellipticity= 0.98 

Angular RMS=0.90 

Radial RMS= 0.73 E=190 uJ 

Beam ellipticity= 0.99 

Angular RMS=0.91 

Radial RMS= 0.41 

TEM00 
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Mode cleaning in the UV SwissFEL 



S. Bettoni 

https://elog-gfa.psi.ch/SwissFEL+Injector/120413_121555/Simona.png


Projected emittance at high charge 

PULSAR Jaguar 

240nm in X; 283nm in Y 430nm in X; 790nm in Y 
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https://elog-gfa.psi.ch/SwissFEL+Injector/120413_170258/preview20120413T170256.png
https://elog-gfa.psi.ch/SwissFEL+Injector/121206_125742/preview20121206T125741.png

