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Change History Log  
Rev 

Number 
Revision Date Sections Affected Description of Change 

000 9/27/05 All Initial Version 
001 6/14/06 3.3, 3.5 

 
1.2, 2.1, 7.1, 7.2, 

7.3 

Reduced options for wire diameter 
and wire material. 
Removed replacement shield. 

002 4/18/08 Table 1, 1.2, 2.1, 
4.2, Figure 1, 8.3, 

8.5,  Table2,  
Appendix A 

Added missing texts “rms” to 
figure. Changed X-Wire location.  
Reduced alignment tolerance. 
Removed 8.5 and Appendix. 
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Guidelines to the Reader 
 

• Sentences within the body of this documents have one of two purposes (1) 
General Remarks and (2) Physics Specifications for the Undulator System. For 
clarity, sentences that express Undulator System Physics Specifications are 
typeset in italic.  

• All rms specifications in the document imply a cutoff of ±3 times the rms value. 
 
 
 

Glossary 
 
BFW Beam Finder Wire 
GA Girder Axis (see PRD1.4-001) is parallel to and coincides with the SUSA 

when the Undulator Segment is in its neutral position. 
PRD Physics Requirement Document 
SUSA  Standard Undulator Axis (see PRD1.4-001) 
X-Wire Vertically Oriented Wire (Measures X Position) 
Y-Wire Horizontally Oriented Wire (Measures Y Position) 
 
   
Requirements Summary 
 
Table 1: Summary of requirements listed throughout this document. A reference to the 
section that defines the parameter is given in column 4. Note: the X-Wire is vertically 
oriented and measures the X position, while the Y-Wire is horizontally oriented and 
measures the Y Position. 

 
Parameter Value Unit Ref. 

Number of wires per BFW device 2  3.1 
Wire perpendicularity 10 mrad 3.2 
Wire diameter 0.030 – 0.040 mm 3.3 
Wire material C  3.5 
Ver. Position of Y-Wire from the GA 0.20 mm 4.1 
Hor. Position of X-Wire from the GA 0.40 mm 4.2 
Vacuum hardware clearance radius at target >2 mm 4.3 
Number of independent signal detection methods  2  5.1 
Y-Wire vertical insertion reproducibility, rms 30 μm 6.1 
X-Wire horizontal insertion reproducibility, rms  80 μm 6.2 
Roll, pitch, and yaw tolerance 10 mrad 8.2 
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1. Introduction 
1.1. The primary requirements for the LCLS undulator system are described in PRD 

1.4-001, which includes tight tolerances for positioning the electron beam close 
to the undulator axis, as defined during the tuning procedure. While this 
alignment can be achieved using portable HLS and WPM devices, using such a 
system requires extended tunnel access during the commissioning process after a 
straight electron beam trajectory has been established with the beam-based 
alignment procedure. A Beam Finder Wire Device (BFW), as specified in this 
document, located close to the upstream end of the Undulator Segment and a 
quadrupole located close to the downstream end will allow a beam-based 
Undulator Segment alignment, accomplished from the control room without the 
need for tunnel access. This establishes the requirement for a BFW, mounted at 
the upstream end of every Undulator Segment. The portable HLS and WPM 
devices will serve as backups. 

1.2. The function of the BFW can be summarized as follows: The BFW will be 
mounted upstream of each Undulator Segment and fiducialized so that its 
horizontal and vertical wires will have a fixed and known position with respect to 
the Girder Axis (GA, see PRD1.4-001). The Girder Axis (GA) is parallel to and 
coincides with the Standard Undulator Axis (SUSA) when the Undulator 
Segment is in its neutral position (see PRD1.4-001). The BFW position shall be 
remotely controllable through cam motion, but not be affected by the horizontal 
slide motion of the Undulator Segment. At the time when the BFW is to be used 
for Undulator Segment alignment, the electron beam will be brought into 
collision with the two wires, one at a time, by moving the girder. The amount of 
beam hitting the wire will be measured via the beam-induced current on the wire 
and by detecting scattered particles down-stream of the wire. After the relative 
position of the beam with respect to the wire has been set in this way, the wires 
will be extracted. As a result, the Undulator Segment will then be aligned to the 
electron beam by moving it by 0.2 mm in vertical and 0.4 mm in horizontal 
direction from the interaction locations. 

1.3. Although not their primary purpose, the wires will also provide transverse beam 
profile and rms size information.  This functionality will be preserved as long as 
the wire diameter is not larger than about twice the rms beam width.  With an 
rms beam width of 36 microns, a maximum wire diameter of 40 microns is a 
reasonable upper limit.  The transverse position of the wires will be monitored 
with the CAM mover readback system and also, at sub-micron resolution but at a 
slower rate, using the HLS and WPM.  Local BPMs can also be used to measure 
and compensate for any shot-by-shot trajectory jitter during the scan. 

2. General Requirements 
2.1. The BFW will operate in two modes, active and inactive. In the active mode, a 

pair of wires will be inserted into the vacuum chamber close to the beam axis.  In 
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the inactive mode the wires will be removed. In both cases the BFW device will 
present an open gap to the electron beam that will function as port for the 
vacuum pump. The wakefields created by this gap are small and considered as 
part of the overall wakefield budget for the undulator system vacuum chamber.  

3. Wire Requirements 
3.1. Each BFW will have two wires that can interact with the electron beam when in 

active operation mode. 

3.2. The wires need to be mounted perpendicular to each other to better then 
10 mrad. 

3.3. The cross-sectional diameter of the wires will lie between (0.030 and 0.040 mm). 
The lower limit being based on the ability to detect the wire position for 
fiducialization, and the upper limit to reduce the generation of radiation 
damaging to the undulator magnets. 

3.4. The horizontally oriented wire (Y-Wire) will be used for the vertical alignment 
of the Undulator Segment, while the vertically oriented wire (X-Wire) will 
provide horizontal alignment. 

3.5. The wire material will be carbon.  

4. Wire Locations 
4.1. The Y-Wire shall be located 0.20 mm vertically below the nominal beam axis. 

(See Fig.1) 

4.2. The X-Wire shall be located 0.40 mm horizontally off the nominal beam axis 
towards the aisle side. (See Fig.1) 

4.3. Any vacuum hardware needs to clear a radius of at least 2 mm around the beam 
target location during the beam detection process.  
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Figure 1: Schematic diagram of the positions of the X-, and Y-Wires with respect to the 
nominal beam axis when the system is full aligned. The electron beam direction of travel 
is out of the page. 

5. Beam Detection Requirements 
5.1. There will be two independent methods (for each plane) used to measure the 

beam intensity at the wire location: (1) beam-induced wire current (2) scattered 
particles. In order to allow independent intensity measurements on either wire, 
both wires need to be electrically isolated and independently equipped with 
readout electronics. 

6. Wire In/Out Motion Requirements 
6.1. The reproducibility of the vertical position of the Y-Wire, after extraction and 

reinsertion, must be better than 30 μm rms. 

6.2. The reproducibility of the horizontal position of the X-Wire, after extraction and 
reinsertion, must be better than 80 μm rms. 

7. Vacuum Port Function 
7.1. The BFW device will present an open gap of about 18 mm in length to the 

electron beam. This gap will be used as pump port for the undulator vacuum 
chamber.  

8. Alignment Requirements 
8.1. The support system for the BFW device needs to be adjustable with a resolution 

commensurate with alignment requirements. 
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8.2. The BFW device will be aligned such that the wires will be oriented in the 
vertical and horizontal directions, within a roll-, pitch-, and yaw-angle accuracy 
of 10 mrad rms. 

8.3. The Undulator Segment and BFW Alignment Tolerance Budget numbers are 
listed in Tab.2. The goal of the alignment procedure is to position the BFW 
device based on the actual wire positions as measured on a Coordinate 
Measuring Machine. 

8.4. The BFW device will have two fiducials, one each in the principal planes. The 
fiducial geometry should mirror that of the undulator fiducials. 

 

Table 2: RMS Undulator Segment and BFW Conventional Alignment Tolerance Budget. 
The table contains rms numbers. Sub-budget values are added in quadrature. 
  Vertical Horizontal 
BFW Fiducialization   
 BFW Wire to Reference Stop 20 μm 20 μm 
 Reference Stop Definition 10 μm 10 μm 
 Reference Stop Fiducial 20 μm 20 μm 
  30 μm 30 μm 
    
Undulator Fiducials   
 Hall Probe Resolution/Positioning 20 μm 20 μm 
 Needle Hall Probe Resolution 15 μm 30 μm 
 Needle Hall Probe to Mechanical 20 μm 30 μm 
 Needle Fiducial to Undulator Fiducial 20 μm 20 μm 
  40 μm 50 μm 
    
X-Wire Positioning Repeatability - 80 μm 
    
Y-Wire Positioning Repeatability 30 μm - 
    
CAM Positioning Repeatability  4 μm  4 μm 
   
Undulator Segment Roll-Away Repeatability 10 μm 10 μm 
    
Alignment BFW to Undulator 55 μm  60 μm 
Grand Total 80 μm 115 μm 
 


