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performance and future plans
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q SwissFEL overview

§ Experimental area

§ Schedule Aramis (hard X-rays)

§ SwissFEL Machine Evolution

qElectron source - 2.5 cell S-band RF gun

qBeam dynamics progress

qC-band Linac and stability

qUndulator, FEL setup and characterization

qOutlook Athos (soft X-rays) 
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SwissFEL site
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SwissFEL Overview
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SwissFEL experimental area
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Aramis schedule (hard-X-ray line)
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SwissFEL Machine Evolution
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Beam dynamics progress (1)
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q Optics and emittance

§ After initial problems optics now well understood

§ Emittance of uncompressed beam in injector optimized to ≤250 nm (projected), ≈150 nm 

(slice) for 200 pC bunch charge (10 ps rms bunch length).
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Beam dynamics progress (2)
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C-band Linac
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C-Band module
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C-band structures

! -1%D*1D%(E#&%(#A&*+'3(F#G63#1D3(H,#36#@%6)'E'63E#76%#F'A@5(#1D3'3>I
! $D@#A&3D7&*1D%'3>#J'1+#A'*%63#@%(*'E'63#&1#KL2#MNO#-J'1P(%5&3F
! $6D@5(%#A&3D7&*1D%'3>#&1#KL2#MNO
! -1&*Q(F#BR#%6B61#&3F#)&*DDA#B%&P(F#&1#!-.
! !%6FD*1'63#%&1(S#9;/#E1%D*1D%(ET#J((Q
! U'>+#@6J(%#%(ED51E#76%#7'%E1#E1%D*1D%(S

" $63F'1'63(F#16#V/#WKTA#J'1+#<LX#Y/#Z#9C;?

" 41#36A'3&5#/:#WKTA,#B%(&Q;F6J3#%&1(#3(>5'>'B5(#[J(55#B(56J#1+(#
E@(*'7'(F#1+%(E+65F#67#9C;:\

!"#$%&'((%)"#*'+")",-%. /0%-',1,2

XW-#@+&E(#(%%6%#1R@'*&55R#]#9#F(>



!"#$%&'()'*+,#!-.# /01+#2'3(&%#4**(5(%&16%#$637(%(3*(,#2.84$#9:#; <('='3>,#$+'3&,#9?;/9#-(@1(AB(%#/C9:"

Conditioning of first C-band module
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Consolidation of the RF technology at PSI 
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q PSI has developed a production line of high technological content for high-quality, high-gradient C-band 
accelerating structures for the SwissFEL project.

q PSI is interested in extending, consolidating and broadening its know-how to S-band and X-band 
frequencies

à RF group is establishing international collaborations on different topics: 

Ø CERN-PSI: development of X-Band high-gradient accelerating structures structures in tuning-free C-
band design;

Ø CERN-DESY-PSI: development of innovative X-band tuning-free transverse deflecting structure with 
a novel variable polarization feature;

Ø FERMI@Elettra-PSI: development of S-band high-gradient accelerating in tuning-free C-band 
design.

q Consolidation of the exiting C- band technology in accelerators applications: development of C-band 
traveling-wave photo guns for the SwissFEL project and for a multipurpose compact photo-injectors.
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Solid-state modulators for C-band linac

Type-µ prototype for SwissFL K2-3 prototype for SwissFEL

ü Two prototypes were tested at PSI for evaluation of the series.

ü 50 MW / 3µs RF, 370kV / 344A

- 13 modulators (Linac 1, Linac 2) 13 modulators (Linac 3)

ü Measured stability pulse to 
pulse at 100 Hz < 15 ppm

Page 16
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Linac Stability (1)
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Linac Stability (2)
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Aramis Undulator Line
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q In-vacuum, variable-gap undulators “U15”
q Undulator period 15 mm
q Nominal gap 4.5 mm for K = 1.2
q Array of 1060 permanent magnets per module
q 13 modules of 4 m length

§ Total length 65 m
§ Active length 52 m
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Aramis undulator line
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FEL setup and characterization
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FEL setup:
After optics and compression setup and verification, we 
apply the following steps for optimal FEL output:
1. Optimization of pre-saturation taper (linear)

o Compensate for energy loss from wakefields
2. Adjustment of K values and phase shifters for 

uniform gain (if necessary)
3. [Optimize laser heater energy for max. pulse energy] 

– on going 
4. Optimization of post-saturation taper (linear and 

quadratic)
o Compensate for energy loss from wakefields and 

from FEL  
5. Readjustment of K values and phase shifters for 

uniform gain (if necessary).
6. Random walk optimization of electron orbit in 

undulator section.

FEL characterization:
à Gain length around 2 m, in rough agreement with 

expectation

à Photon pulse energy at saturation: 350 μJ for K = 1.45 at 
2.3 GeV (2.0 keV photon energy).

à Lasing on 18.09.2018: 8.9 keV (photon energy) at 5.8 GeV and e-beam at 25 Hz
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Example of FEL performance
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Outlook Athos (soft-X-ray line)
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Flexible undulators and chicanes for a compact and bright beam line!

Aramis line
Hard X-ray Athos line

Soft X-ray
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Outlook Athos (soft-X-ray line)
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Beam manipulation in SwissFEL linac
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