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Background 

 Knowledge of the electron beam trajectory through the injector is needed to control the 
emittance growth due to misaligned RF fields and stray magnetic fields as well as wakefields.  In 
general, the preferred or “golden” electron trajectory will not be straight and there is a need for 
knowing the beam’s position relative to an absolute center line.  In addition, there are some 
diagnostics (such as the OTR profile monitors) which require precise angular and positional 
alignment relative to the electron beam.   The on-axis alignment laser provides these functions. 
 
 

Description of the On-Axis Alignment Laser 
 The LCLS injector beamline is shown in Figure 1.  The alignment laser will be injected onto 
the electron beamline axis using a mirror, AM01, which can be inserted in the gun-to-linac region.  
The laser beam is aligned to an iris on the air side of the vacuum window and to a target on the 
YAGS1 profile monitor.  The details of the AM01 mirror location is given in Figure 2. 
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Figure 1.  Drawing of the LCLS injector showing the positions of where the alignment laser is 
injected at AM01 and the profile monitors, YAG01 and YAGS1, which are used to align the laser 
beam. 
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Figure 2.  The injection mirror (AM01) for the on-axis alignment laser is located immediately 
upstream of the first YAG/faraday cup diagnostic, YAG01. 
 
 The alignment laser beam needs to have a Rayleigh range, ZR, of approximately 9 meters to 
produce a beam waist half way between AM01 and YAGS1 as shown in Figures 1 and 3.  The 1/e2 
waist size, w0, is determined by the laser wavelength, λ, and the Rayleigh range, 
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The alignment laser is assumed to be a HeNe with a wavelength of 632 nm. 
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Figure 3.  The alignment laser beam will have a waist between the injection mirror, AM01 and 
YAGS1. 
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 The beam center can be measured with an accuracy of approximately 1/20 of its diameter, 
therefore the laser beam position at AM01, YAG01 and YAGS1 will have an uncertainly of 200 
microns which will be 2 smaller at the waist. 
 The laser beam will be aligned using a pair of adjustable mirrors located just before the 
vacuum window to allow the in-vacuum mirror to be fixed except for an in- and out-motion.  In 
order for the laser beam to remain on the YAGS1 screen, the actuator for AM01 requires an angular 
reproducibility of less than ± 7.5mm/18m=± 0.42 mrad.  The pair of adjustable mirrors is used to 
center the laser on YAG01 and YAGS1.  In order to move the laser with an accuracy of 100microns 
these mirror mounts require an angular resolution of 100microns/18meters=5.5 microradians or 1.1 
arcseconds.  An angular resolution of 1 arcsecond is commercially available for a stable flexure 
mirror mount. The laser optical system should include a light attenuator (e.g. a polarizer which can 
be remotely rotated) to control the laser intensity seen by the YAG and OTR cameras, and a shutter 
(or “off” switch) to eliminate all stray laser light. 
 It is suggested that the target pattern shown in Figure 4 be placed on the YAG01 and 
YAGS1 screens to aid in aligning the laser.  The box dimensions should be 15x15mm and the screen 
label (“YAGS1”) in the upper left corner indicates “up” and “left” when walking in the direction of 
the electron beam.  These are TRANSPORT coordinates.  The controls video software should be 
capable of locating the pixel location where the four diagonal line segments intersect at box center.  
The video display should show this coordinate along with the laser beam center.  The precision laser 
mirrors near the widow at AM01 then adjusts the alignment mirror until the laser beam is center 
coincides with the box center. The on-axis laser is aligned when centered on YAG01 and YAGS1. 
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Figure 4.  Alignment markings suggested for the YAG profile monitors.  The name of the profile 
monitor is in the upper left hand corner for identification and for orientation.  The video software 
should extrapolate the four diagonal lines to determine and mark the target center.  The box 
dimensions are 15mm x 15mm. 
 

Implementation and Use of the On-Axis Alignment Laser 
 The on-axis alignment laser will be used as an absolute reference for determining the 
electron beam position.  After the on-axis laser is aligned it can be used to establish the centerline 
for all the diagnostics.  For the purposes of this discussion, assume all the YAG and OTR profile 
monitors have the target shown in Figure 4. 
 
Align the On-Axis Alignment Laser: 

1. Insert AM01 and adjust the laser intensity to a minimum. 
2. Insert full attenuator for YAG01 
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3. Insert YAG01 and adjust the laser intensity and YAG01 attenuator to utilize the camera’s 
full dynamic range without saturation. 

4. Remove YAG01. 
5. Insert full attenuator for YAGS1. 
6. Insert YAGS1 and reduce the attenuation to observe unsaturated laser profile. 
7. Adjust the laser mirror closest to YAGS1 to center laser on YAGS1. 
8. Insert YAG01 
9. Adjust laser mirror furthest from YAG01 to center laser on YAG01. 
10. Remove YAG01 
11. Iterate Steps 7-8 Until laser is centered on YAG01 and YAGS1 
 

Mark the Profile Monitor Centers: 
1. Use controls software to locate the laser center relative to the profile monitor center, and 

have the computer store the laser coordinates for YAG01. 
2. Repeat Steps 2 & 3 for all the YAG and OTR profile monitors. 
3. Now all YAG and OTR profile monitors have coordinates of alignment laser indicated on 

video displays. 
4. Remove AM01. 

 
Transfer the laser coordinates from the profile monitors to the BPM’s. 

1. Turn on electron beam and establish nominal beam quality. 
2. Insert YAG01 and center electron beam on alignment laser coordinate stored by computer.  

(Laser coordinate should be indicated by a software marker on the video display to aid the 
operator, and the relative x,y coordinates of the beam center should be continuously updated 
in the margin of the display.) 

3. Remove YAG01 and allow beam to drift to BPM02 with all intervening magnetic elements 
off. 

4. Establish readings from BPM02 and have the computer save the beam coordinates. 
5. Repeat Steps 8 to 9 for each YAG and OTR profile monitor, and for the BPM nearest each 

of the profile monitors. 
6. Now the BPM’s all have the coordinates of the laser center stored in the database. 

 
 After following the above procedure, the video and BPM databases have the coordinates of 
a straight centerline down the injector.  The location of this centerline can be used as a reproducible, 
absolute reference when steering to optimize the beam quality.  Once a “golden” orbit is found, the 
beam’s centers relative to the alignment laser should be stored in the database and indicated with a 
software marker on each profile monitor.  Implementing this reference system will allow the 
operator to track any steering changes and quickly re-align the electron beam to its best trajectory 
through the injector. 
 

Controls Issues 
 The actuator for AM01 should be interlocked to the controls system so it can be insert only 
when the RF is OFF!  As described above, the controls video system should be capable of locating 
the profile monitor centers using the Figure 4 target, placing s/w cross hairs at this location in each 
profile monitor’s video image, computing the laser beam center, saving it and indicating it with a 
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different s/w marker, and continuously displaying the e-beam center and rms width when the profile 
monitor is inserted. 
 

Alignment Laser for the SAB Spectrometer Beamline 
 The SAB beamline is shown in Figure 5.  In this case, a temporary HeNe laser will be used 
to establish the centers of YAGS2 and OTRS1.  The laser is injected using two mirrors to center the 
laser at a target on the entrance window of the spectrometer dipole and to the center of YAGS2.  
There are no special requirements for the mirror mounts as the distance is short compared to the 
on-axis system.  Therefore the BXS vacuum chamber should be an X-style chamber with a standard 
vacuum window on the laser injection port.  The laser center is logged by the control s/w as 
described above.  The laser and the two mirrors are removed when the alignment is completed to 
avoid radiation damage. 
 
 

Temporary alignment 
laser and mirrors

Target on vacuum flange

BXS

YAGS2 OTRS1

Temporary alignment 
laser and mirrors

Target on vacuum flange

BXS

YAGS2 OTRS1

 
 

Figure 5.  Layout of the temporary alignment laser system for the SAB spectrometer.  The distance 
from the center of BXS to the beam dump is approximately 2.5 meters. 


