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Beam-Based Alignment System Requirements 
 
The electron trajectory through the FEL undulator must be straight to a level of about 2 
microns over one FEL gain length (~5 m). This level is difficult to achieve using standard 
component survey methods, and therefore requires a special electron beam-based alignment 
algorithm which samples undulator BPM readings at three different beam energies (13.6, 6.5, 
and 4.3 GeV). 
 
Detailed simulations have been made which indicate that adequate beam-based alignment 
can be achieved if undulator quality and beam stability are within tight tolerance 
specifications. Table 1 summarizes these specifications for the most critical parameters, 
while Fig. 1 shows the simulated x and y trajectories after 3 passes of the beam-based 
alignment (BBA) procedure, under the conditions shown in Table 1. 
 
 

Table 1:  Undulator and beam specifications for the most critical parameters 
(quadrupole magnet length-integrated gradient is 3 T with mean quadrupole spacing 
of ~4 m). 

Parameter Description Value Unit notes
BPM rms position measurement resolution (x and y) <1 µm  
Max. quad. magnet-mover x and y position repeatability ±7 µm 1 
Steering coil field strength relative setting reproducibility ±0.5 %  
Initial max. rms uncorrelated quad and BPM alignment 100 µm 2 
Initial max. rms correlated quad and BPM alignment 300 µm 3 
Maximum BPM mean and rms calibration error 10, 3 % 4 
Maximum quadrupole mean and rms relative gradient error 0.3, 0.3 %  
Maximum quad-mover mean and rms rel. calibration error 5, 3 % 5 
Maximum undulator 1st field integral < 40 µT-m 6 
Maximum undulator 2nd field integral < 50 µT-m2 6 
Incoming rms trajectory centroid jitter (% rms beam size) <15 %  
Maximum uncertainty in knowledge of beam energy 2 %  
BPM read-back and position stability over one hour ±2 µm  
Quadrupole absolute position stability over one hour ±2 µm  
Minimum quadrupole-mover dynamic range ±750 µm  
Uncompensated  Earth’s magnetic field in undulator <0.1 G  
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1 This specification is fairly loose (±7 µm) due to the addition of weak x and y steering 
coils at each quadruple magnet which can steer the beam the equivalent kick angle of 
a ±100-µm quadrupole translation. The final iteration of BBA is implemented with 
the steering coils, not the magnet movers. 

 
2 This is the initial rms misalignment component (before BBA), which is uncorrelated 

along the z-axis (i.e., a random variation from component to component which is not 
accumulated along the length of the undulator). 

 
3 This is the initial rms misalignment component (before BBA), which is correlated 

along the z-axis (i.e., a random variation from component to component which is 
accumulated along the length of the undulator, such as a random walk-off effect). The 
rms level quoted is the standard deviation (over many random seeds) accumulated 
over the full undulator length. 

 
4 This percentage refers to the maximum allowable BPM relative calibration (gain 

factor) error as an average over all BPMs (mean) and as an rms over all BPMs (rms). 
A 10% mean calibration error indicates that all BPMs read within ±10% of the true 
BPM reading (e.g., a 1-mm beam offset is reported as 0.9-mm or 1.1-mm). A 3% rms 
calibration error indicates that each BPM is scattered around this mean value by an 
additional level of 3% rms. 

 
5 This percentage, just as in note 4 above, refers to the maximum allowable quadrupole 

magnet mover calibration error, with a mean (over all movers) and an rms scatter 
(from mover to mover). 

 
6 No similar kicks were included in the non-wiggle plane (the y-plane), which explains 

why the vertical trajectory is significantly straighter than the horizontal trajectory in 
Fig. 1. 
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Fig. 1.  Electron x and y trajectories through undulator at 13.6 GeV after 3 passes of 
the BBA procedure.  The true trajectory is in solid-blue (3.2 µm and 2.5 µm), the 
BPM read-backs are green-circles (1.6 µm and 1.6 µm), and the final quadrupole 
centers are red-plus-signs (19.5 µm and 8.7 µm).  The total phase error due to 
trajectory straightness at 1.5 Å is 98˚. 

 


