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Photon Science at SwissFEL 



SwissFEL	
  a	
  “green	
  facility”	
  

Linac  
Undulator hall Exp.Hall 

Injector 

Surface areas not accessible by wild game  

G-­‐G‘	
  



Aramis:	
   1-­‐7	
  Å	
  hard	
  X-­‐ray	
  SASE	
  FEL,	
  	
  
In-­‐vacuum	
  ,	
  planar	
  undulators	
  with	
  variable	
  gap.	
  	
  
User	
  operaIon	
  from	
  mid	
  2017	
  	
  
	
  
	
  
	
  

Athos	
  :	
  
(2nd	
  phase)	
  

7-­‐70	
  Å	
  soN	
  X-­‐ray	
  FEL	
  for	
  	
  SASE	
  &	
  Seeded	
  operaIon	
  .	
  	
  
APPLE	
  II	
  undulators	
  with	
  variable	
  gap	
  and	
  full	
  	
  
polarizaIon	
  control.	
  
User	
  operaIon	
  end	
  2019?	
  

SwissFEL	
  	
  

715 m 

Phase 2, 2017-19 Phase 1, 2012-16 

SwissFEL	
  parameters	
  

Wavelength	
  from	
  	
  	
  	
  	
  	
  	
  1	
  Å	
  -­‐	
  70	
  Å	
  

Photon	
  energy 	
  0.2-­‐12	
  keV	
  

Pulse	
  duraIon	
   	
  1	
  fs	
  -­‐	
  20	
  fs	
  

e-­‐	
  	
  Energy	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  5.8	
  GeV	
  

e-­‐	
  Bunch	
  charge	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  10-­‐200	
  pC	
  

RepeIIon	
  rate	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  100	
  Hz	
  	
  



ATHOS	
  Exp.	
  surface:	
  
1	
  single	
  hutch	
  (692	
  m2)	
  
	
  
ARAMIS	
  Exp.	
  surface:	
  
	
  3	
  separate	
  hutches	
  (522.6	
  m2)	
  

Experimental Areas  



ARAMIS beamlines 



@	
  1.7	
  KeV	
  

Mirrors:	
  low	
  and	
  high	
  energy	
  branch	
  

Low	
  and	
  High	
  energy:	
  	
  
Mirror	
  length	
  800	
  -­‐>	
  500	
  mm	
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Pulse arrival Time 



AR1:  Offset  Mirror  1

H: -6 mrad
V: 0 mrad  
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ARAMIS’s ID fine tuning 

Only photon beam overlapp counts!.... 

Eph 

Eo θ	



Tetsuya Ishikawa’talk: Jump meeting, 16.09.11  

L. Patthey, SAC 11.07.07 
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W. Roseker et al. Opticla Letters, 34, 12, 2009	
  

Picosecond	
  X-­‐ray	
  delay	
  for	
  probe-­‐probe	
  experiment	
  



Be Lens Optics

Reserved area
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V: 0 mradH: -12 mrad

V: 0mrad

AR1
AR2 AR3H: 0 mrad

V: 0 mrad  

AR2:  Offset  Mirror  2

H: 0 mrad
V: -4 mrad  

100.5 m

90 m

109.4 m

100.9 m

109.2 m

108.1 m

106.1 m

116.2 m

116.6 m

712 mm 459mm

4  Bounce  Monochromator  

4  Bounce  Monochromator

or

X-­ray  Delay  Line  

Experimental	
  Hutch	
  1	
  



ES-­‐A:	
  MulIpurpose	
  pump-­‐probe	
  

  e.g., "CAMP" chamber at the LCLS




   


MPI ASG Heidelburg, Munich, DESY (2010)
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ES-­‐B:	
  pump-­‐probe	
  crystallography	
  

  e.g., SXR chamber at the LCLS




   


cryo-cooled sample

goniometer


Doering, D. et al. Rev. Sci. 
Instrum. 82, 073303 (2011).  
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ES-C: cryo X-ray/TEM imaging 
  e.g., tandem XFEL-TEM




   


JEOL (2011)




Research Department

Research with 
Neutrons and Muons 

(NUM)

Dr. Kurt N. Clausen
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Finance and 
Administrative Services

Karlheinz Falk

Spallation Neutron
Source Division

Dr. Werner Wagner

Buildings and Services
Lilian Jakob
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Prof. Dr. 

Horst-Michael Prasser
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Prof. Dr. Aldo Steinfeld
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Development and
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Dr. Michel Kenzelmann

Particle Physics
Prof. Dr. Klaus Kirch

Radiochemistry and 
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Prof. Dr. Andreas Türler

Research Department
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(BIO)

Prof. Dr. Gebhard Schertler

Center for 
Radiopharmaceutical 

Sciences
Prof. Dr. Roger Schibli

Biomolecular Research
Prof. Dr. 

Gebhard Schertler i.P.
Hot Laboratory 
Dr. Didier Gavillet

Waste Management
Dr. Michael Bradbury

Nuclear Materials
Hans-Peter Seifert a.i.

Combustion Research
Dr. Peter Jansohn

Electrochemistry
Prof. Dr. Thomas J. Schmidt

Atmospheric Chemistry
Prof. Dr. Urs Baltensperger

Department

Large Research
Facilities

(GFA)

Prof. Dr. Leonid Rivkin

Accelerator/Concepts 
and Development
Dr. Terence Garvey

Accelerator/Operation 
and Development

Dr. Mike Seidel

Technical Support, 
Co-ordination and 

Operation
Jürgen Duppich

Infrastructure and 
Electrical Engineering

Max Huser

Mechanical 
Engineering Sciences

Dr. Urs Ellenberger

Information Technology
Dr. Stephan Egli

Radiation Safety 
and Security

Christian Wernli

 Director: Prof. Dr. Joël Mesot
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Dr. Oliver Bunk
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Prof. Dr. Jeroen van Bokhoven

Micro- and 
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Prof. Dr. Jens Gobrecht

Condensed Matter 
and Materials Science
Dr. Christoph Quitmann

Energy Systems Analysis
Dr. Stefan Hirschberg

Communications
Dagmar Baroke

Research Committee
Prof. Dr. Roland Horisberger

Large Project SwissFEL
Dr. Hans-Heinrich Braun / Dr. Rafael Abela

Center for Proton Therapy
Gudrun Goitein a.i.

Human Resources Karsten Bugmann
Safety Dr. Werner Roser
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Science Dr. Thierry Strässle
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Technology Transfer Robert Rudolph

P A U L  S C H E R R E R  I N S T I T U T
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SwissFEL in PSI 



Delay	
  
Fluence	
  

RXS Experiments in the SXR- Station at LCLS 
(Stanford) 
(Collaboration: Stanford, SLAC, ALS, PSI,...)  

Femtosecond	
  resonant	
  soN	
  x-­‐ray	
  scahering	
  experiment	
  
Stripe	
  state	
  of	
  La2-­‐xSrxNiO4	
  



CO	
  order	
  parameter	
  dynamics	
  



Femtosecond	
  Dynamics	
  of	
  the	
  Collinear-­‐to-­‐Spiral	
  
AnIferromagneIc	
  Phase	
  TransiIon	
  in	
  CuO	
  

S. L. Johnson, et al. PRL (2012)	
  



• Beam optics

 which hutch?

 monochromator? Wavelength scanning?

 Focus size? Wavefront quality?

• diagnostics

  intensity (10^-3 ?)

 pump-probe interval – as close to experiment as possible

 position, focus, central wavelength (not single shot)

• liquid jet 

 aerodynamic focusing; problem of jet evaporation, leading to salt 

crystallization

  thin (2 mu), continuous stream

  recapture material?

 Detect (synchronize?) sub-mu crystals in beam (SONICC?)

 Time-vernier mode

• near and far 2D detectors

 AGIP?

 Size, position; minimize central hole

 Long-wavelength limit?

 DAQ, storage, processing


ESA: Challenges 





• limited cryogenic (77K) goniometer and translation stages

  thermal contact, LN2 consumption

 degrees of freedom, movement speed and accuracy

 sample mounting and exchange philosophy

• single-shot spectrometer: XAS

  resolution, geometry, detector

 dispersive detection for transmission through jet and fixed sample

 normalization – statistics; reference for sample out / no pump

• single-shot spectrometer: XES

  resolution, geometry, detector

 normalization, reference

• pump laser

 which wavelengths, which priority?

 Variable attenuator; intensity measurement

 Local laser optics

 Pump-probe delay – range, accuracy, speed, DAQ

• add-ons

 compact microwave cell (EMPA Thun) ?

  ion TOF?

  ...


ESA: Challenges 



• Beam optics

 which hutch?

 monochromator? Wavelength scanning?

 Focus size?

• diagnostics

  intensity (10^-3 ?)

 pump-probe interval – as close to experiment as possible

 position, focus, central wavelength (not single shot)

• LHe cryostat

 Which technology? He return line?

 Thermal contact, thermometry, Tmin

• goniometer

 which motions (including detector)

 sampe mounting / exchange

• near and far 2D detectors

 AGIP?

 Size, position; minimize central hole

 Long-wavelength limit?

 DAQ, storage, processing


ESB: Challenges 



• pump laser

 which wavelengths, which priority?

 Variable attenuator; intensity measurement

 Local laser optics

 Pump-probe delay – range, accuracy, speed, DAQ

• add-ons

 high T, B, E?

  ...


ESB: Challenges 



• Beam optics

 Maximum flux

 Sub-mu focus (KB, CRL, zone plates?)

• diagnostics

  intensity (10^-3 ?)

  illumination function

 coherence

• LN2 cryo-stage, cryo-transfer

 Thermal contact

 Sample mounting / exchange / scanning

 Sample transfer from SLS, TEM (adapt OMNY?)

• In-situ microscopy

 SEM

 Geometry

 Measurement philosophy

 Detection of 2D membrane protein crystals

• Sample holder

 TEM grid – watch Cu grid lines

 Pre-positioned samples in matrix vs. pre-measurement mapping

• add-ons

 pump laser?

  ...


ESC: Challenges 





13. March 2012: Endstation ESA, R. Abela



27. March 2012: Endstation ESB, L. Patthey



24. April 2012:  Endstation ESC, B. Pedrini



28. May 2012: Others, B. Patterson



19. June 2012: DAQ/scientific computing


ARAMIS Instumentation Workshops 



Diffraction Optics: Hans Hertz (SU), Ch. David (PSI)


Instrumentation (end-station)

-Long list of Challenges for ESA,B,C from Bruce

-crazy ideas (think out of the box)

-catcher system (injector alignment), plasma emission, spectrofluorimeter, 
iToF, eTOF, native mass spectrometer 

-Fast chopper, for hybride mode at SLS, Magnetic bottle: Raimund Feifel



ARAMIS (3 end-stations) and others


ATHOS, green field!



Spectroscopy

-FELCO Multi-particle correlation Spectro. (spike free spectra), THz pump-
probe DCH: Raimund Feifel

-RIXS, XES: alternative spectrometer, 1-D imaging spectrometer, hv2 with BBW 
(flux issue: may be may be not)

-Solid sample: large sample, scan sample, PLD thin film samples

-Electron spectroscopy, ToF with spin detector (space charge issue: may be 
may be not)






Collaboration 


