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Slotted Foil in the BC2 Chicane 
 

The nominal LCLS FEL x-ray pulse duration is about 200 fs full-width at half-maximum (fwhm).  
This can be greatly reduced to the level of about 2 femtoseconds (fs) [1] by differentially spoiling the 
electron beam emittance with a thin, slotted foil located in the center of the BC2 chicane.  With a 
tapered foil slot, any pulse duration from 200 to 2 fs can easily be arranged by simply adjusting the 
vertical position of the foil.  At a reduced bunch charge it is also possible to produce a pulse as short 
as 400 attoseconds (as) pulses [2].  The concept is illustrated in Fig. 1 below. 
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Figure 1.  a) Sketch of electron bunch at center of magnetic bunch-compressor chicane (BC2) with 
tilted beam in horizontal, x, and longitudinal coordinates, t. b) The slotted foil at chicane center 
leaves a narrow, unspoiled beam center. 

 
The foil will be remotely insertable, with continuous vertical translation motion capability over about 
one centimeter when inserted, and is located at the center of the BC2 chicane, preferably just 
downbeam of the BPM and just upbeam of the BC2 collimator jaws.  The foil will be Beryllium with 
15-µm thickness and a narrow, tapered, vertically oriented slot at its center, as depicted in Fig. 2.  
The slot will be 0.1 mm in full width at its base (y = 0) and 2 mm in full width at its top (y = 10 mm), 
following the non-linear relationship 

2
022 ayxx +∆=∆ , 

where 2∆x is the full width at an value of y, 2∆x0 (= 0.1 mm) is the full width at y = 0, and the 
coefficient is a = 0.019 mm−1, providing a 2-mm full-width at y = 10 mm.  The foil is stretched 
reasonably flat and should be kept clear of any outside supporting frame (~10 mm by ~30 mm). 
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The foil should also be easily replaced on the moving frame mechanism in order to substitute 
thicker foils, or double-slotted foils, etc.  A canister allowing the remote insertion of a selection of 
foils will be quite useful, if possible.  It will also be useful to provide a horizontal foil edge, for 
example along the line y = 0.  Such an edge might be used, in conjunction with a local beam loss 
monitor or downstream emittance measurements, to co-locate the beam and the foil at a known y-
position (such as y = 0).  The parameters of the foil and its required motion are listed in Table 1. 
 

 
Figure 2.  Beryllium foil with vertically oriented, tapered slot and typical 1-sigma electron 
beam overlaid in red (beam direction here is into paper). 

 
Table 1.  Parameters of thin slotted foil and its required motion. 

Parameter value unit 
Foil material Be - 
Foil thickness 15 µm 
Foil width (full span not shown in x direction of Fig. 2) 30 mm 
Foil height (full span in y direction of Fig. 2) 10 mm 
Slot width at base (at y = 0; see Fig. 2) 0.1 mm 
Slot width at top (at y = 10 mm; see Fig. 2) 2 mm 
Vertical translation required for foil extraction from beam 25 mm 
Minimum step size used to adjust vertical position 0.05 mm 
Maximum time required to move foil 0-10 mm (when inserted) 10 sec 
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