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Abstract 
SwissFEL [1]  has in its base line design two undulator 

lines for the hard- and soft x-ray, U15 in-vacuum and U40 
/ UE40 APPLE II type undulators with 12 respectively 15 
modules of 4m length each. All undulators are equipped 
with the same frame and gap drive system to profit best 
from the series production. The frame is built up from two 
identical bases and side frames made of cast mineral. In 
this design, the frame transfers its stiffness to the I-beam 
through a backslash-free wedge based gap drive system. 
The interfaces to the inner I-beam for the in-vacuum 
undulator have been rearranged allowing a large reduction 
in the number of columns. Magnets and poles are carried 
by an extruded Aluminium block-keeper, which will 
allow an automatized shimming of the magnet structure. 
The prototype of the support structure has been built up in 
2012 and first mechanical results are presented. The entire 
prototype shall be ready by the end of 2012. 

SWISSFEL UNDUALTOR LINES 
 SwissFEL will have two undulator lines. The one for 

hard X-rays from, 7 Å (2 keV) to 1 Å (12.4 keV), with an 
electron energy of 5.8 GeV, is named Aramis. The second 
one, covering the entire soft X-ray range, from about 
200 eV to 2 keV with full polarization control, is named 
Athos. In the baseline design, the Aramis line has 12 in-
vacuum undulators U15’s with 15mm period. However, 
there are free slots, which can be used i.e. for (self)-
seeding. An overview of the Aramis undulator line is 
given in [2], the magnet array is discussed in detail in [3]. 

The Athos line will follow in 2020 and has a self-
seeding design with 6 planar U40’s and 9 APPLE II type 
UE40’s, both with 40mm period. This sums up to 27 
undulators.  All undulators are 4m long each and have an 
identical intersection length of 75cm. The design large 
number of identical undulators for linac driven FELs is 
well suited for a consequent industrial based small series 
production. 

SPECS AND DESIGN GUIDELINES 
The specifications for the SwissFEL undulators can be 

summarized as follows: 
 Short period undulators for Aramis beamline 
 Variable polarization for Athos beamline 
 Low beam height 
 Low costs 

SwissFEL has in the pool of hard x-ray FELs with 
5.8GeV the lowest electron energy. To achieve photon 
energies of 12.4keV (1Å wavelength), the undulator 
period length has to be very small. For SwissFEL it has 
been optimized to a 15mm period. At a gap of 4.3mm a 

magnetic flux density of 0.85T provides the design K-
value of 1.2. The low electron energy requires in addition 
small tolerances in all parts of the accelerator and the 
undulators .  

As all forms of transport in SwissFEL tunnel are on the 
floor (no crane) a common floor level in the entire tunnel 
is foreseen. The beam height is determined by the 
undulators and needs to be reduced with respect to the 
1.4m beam height at Swiss Light Source. And, of course 
the costs had to be optimized and as a consequence there 
is no technical gallery accompanying the undulator hall.  
   The basic design ideas for the SwissFEL undulators are: 

 Modular undulator concept  
 O-shape structure 
 Use of cast and extruded materials 
 Drive system on board  
 Remote controlled alignment 
 High stability and precise gap drive system.  

SUPPORT AND GAP DRIVE 
The most demanding undulators with respect to the 

support structure are the APPLE II type undulators which, 
when operated in anti-symmetric mode to produce linear 
inclined polarization, bring in not only vertical forces but 
also longitudinal and horizontal forces. Therefore the 
design for a modular undular concept in which the 
support and gap drive is identical for all types of 
undulators and only the magnet array with its vacuum 
system is adapted to the specific undulator type i.e. planar 
in and out of vacuum and APPLE II. The benefit is 
reduced engineering, larger series and a common 
transport concept which overcomes the drawback of 
partly oversized components. 

Support Structure 
For maximum stiffness the support structure is not the 

classical C-structure but a closed O-shape structure. 
Experience with cryogenic in-vacuum undulators where 
magnetic measurements inside the vacuum chamber are 
mandatory lead in recent years to the development of 
smarter measurement systems where the magnet structure 
tightly encloses the vacuum chamber a remote alignment 
required the vacuum chamber to be supported by the 
undulator itself. Best for series production is cast material, 
either cast iron or cast mineral which is used in many 
machine beds. For the SwissFEL undulator supports cast 
mineral is chosen: it has good internal damping 
characteristics, is non-magnetic, is cheap in series 
production and integrated channels for weight reduction 
can be used as cable traces. 
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