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1.0  INTRODUCTION 
 

1.1  Purpose 
 
This Engineering Specification Document (ESD), in conjunction with the associated 

fabrication specifications and drawings, defines the requirements for the optical transition 
radiation (OTR) beam imaging system that is to be used in the Linac Coherence Light Source 
(LCLS) undulator system. Technical justifications for this ESD are discussed in more detail in 
LCLS Tech Note LCLS-TN-05-21, “A design report for the optical transition radiation imager for 
the LCLS undulator.” 

 
The purpose of the optical transition radiation (OTR) imaging system is to provide high-

resolution measurement of the electron beam profile, preferably at a single shot. It is based on 
optical imaging using transition radiation produced by electron beams traversing from vacuum into 
a flat metal surface. 

 
The LCLS OTR imager will be used in all long break sections. It includes a stray-light filter, 

an OTR screen, an in-vacuum mirror, a vacuum window, and a camera module. A schematic of the 
OTR system is shown in Section 2.0. 

 
1.2 Scope 
 
This ESD defines the requirements for the design, materials, inspection, and packaging of 

the LCLS OTR beam imaging system.  
 
1.3 Required Equipment 

 
This ESD specifies the requirement for the design, fabrication, and testing of the OTR beam 

imaging system assembly.  
 
In-vacuum motion components shall be prototyped, tested, and evaluated in a vacuum test 

chamber. The equipment required for this testing will be specified in a separate document. In 
addition, prototype assemblies will be tested for positioning accuracy both under air and vacuum 
conditions. Equipment required for these tests is specified under a separate document. 

 
Equipment required for inspection and testing of the final article will be specified in a 

separate document. 
 

2.0  TECHNICAL REQUIREMENTS 
 

The Advanced Photon Source/Argonne National Laboratory (APS/ANL) shall supply the 
detail drawings and procurement specification for fabrication of parts and purchasing of catalog 
items. Vendors shall supply parts in accordance with these documents. Any deviations from these 
documents must be approved in writing by APS/ANL. 
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General requirements for materials, fabrication, cleaning and surface treatment, handling 

and assembly, welding and brazing, quality assurance and testing, and preparation for delivery will 
be specified in a separate document. 
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Figure 1: Major components and schematics of the OTR beam profiler. 
 
Figure 1 schematically shows major components including: 
 
 1. Stray light filter 
 2. OTR screen assembly 
 3. In-vacuum mirror assembly and window 
 4. Camera module 
 
2.1  Stray-Light Filter 

 
The stray-light filter, a thin opaque foil, will be used to block stray-light background from 

upstream sources, including the spontaneous undulator radiation. The existence of small pinholes 
in the filter will be tolerated as long as they do not seriously impact its function. 

 
The selection of the filter material and thickness will be reviewed and approved by the 

Stanford Linear Accelerator Center (SLAC), based on allowed radiation dose for the undulators. 
 
The assembly includes the following major components: 
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1. Filter media  
2. Filter holder 
3. Positioning mechanism 

 
 

2.1.1 Filter Media 
 
Material: Optically opaque, low Z metal or diamond 

 
Operating Environment: High vacuum, 10-7 Torr or better 
 
Size: 8 (H) x 5 (V) mm2 

   
2.1.2 Filter Holder 

 
Material: Aluminum or stainless steel 

 
Operating Environment: High vacuum, 10-7 Torr or better 
   

2.1.3 Filter Positioning Mechanism 
 
Positioning accuracy: 100 µm in all directions 
 
Operating Environment: High vacuum, 10-7 Torr or better 

 
Insertion and extraction time: 30 seconds maximum (Each direction)  

  
2.2  OTR Screen Assembly 
 
The OTR screen is used to intercept electrons in order to produce an optical footprint of the 

electron beam. 
   
The assembly includes the following major components:  

1. Screen media and holder 
2. Screen positioning and changing mechanism 

 
   

2.2.1 Screen Media and Holder 
 

A metal or metal-coated mirror surface will be used to produce optical 
transition radiation for imaging. The selection and test of the OTR screen will 
be the joint responsibility of SLAC and ANL. The material and thickness of 
the screen will be reviewed and approved by SLAC, based on allowed 
radiation dose for the undulators. A spare OTR screen shall be installed to be 
used for beam profile measurements when the main screen is damaged. 
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Screen Material: Low Z, high temperature, i.e, diamond, titanium; to be 
determined through experimentation 
 
Screen Size: 5 × 8 mm2 
 
Operating Environment: High vacuum, 10-7 Torr or better 
Survive and maintain its optical qualities under in-beam conditions (The 
screen is not required to survive the FEL beam). 
 

2.2.2 Screen Positioning and Changing Mechanism 
 

Changing Mechanism: Requires the positioning of two OTR screens and one 
calibration target or pinhole 
 
Operating Environment: High vacuum, 10-7 Torr or better. 
 
Insertion and extraction time: 30 seconds maximum  (each direction) 
  

2.2.3 Overall Positioning Accuracy 
 
Positioning repeatability: +/-25 µm normal to the screen, +/-50 µm in the 
plane of the screen  
   
Angle repeatability: +/-0.5 degree  

 
2.2.4 Screen Orientation Adjustment 

 
Orientation of each OTR screen shall be adjustable with a two-axis mount 
before vacuum closure; resolution to be consistent with the accuracy 
described in section 2.2.3. 

 
Operating Environment: High vacuum, 10-7 Torr or better 

 
2.3  In-Vacuum Mirror Assembly and Vacuum Window 
 
An in-vacuum mirror assembly is used to reflect the OTR light into the camera module. 

Also, the mirror may be used as a part of an optical design to help maintain the entire field of view 
in focus on the camera module. The assembly includes the following major components: 

1. Mirror 
2. Holder and base 

  3. Vacuum window 
 
2.3.1 Mirror 

 
Mirror Material:  BK7 glass or equivalent 
 
Mirror Coating: Protected aluminum 



 

____________________________________________________________________________________________________________ 
ESD  1.4-109-r0                                                                          Check the LCLS Project website to verify  
7 of 9  that this is the correct version prior to use. 

 

 
Surface Finish: λ/4 or better 
 
Operating Environment: High vacuum, 10-7 Torr or better 
 
 

2.3.2 Holder and Base 
 

Material:  Aluminum or stainless steel 
 
Adjustment and alignment capability: None 

 
Operating Environment: High vacuum, 10-7 Torr or better 
 

2.3.3 Vacuum Window 
 

Material:  Fused silica or quartz 
 
Flatness: λ (before brazing) 
 
Surface finish: 40-20 scratch-dig  

 
2.4  Camera Module 
 
A camera module will be used to read out the optical image produced on the OTR screen. 

The camera module includes the following major components: 
  

1. First lens assembly 
2. Second lens assembly 
3. Main body and stand 
4. Camera, camera mounting, and shielding 

  
2.4.1   First Lens Assembly 
 

Diameter: 2” or 50 mm 
 
Adjustment capability: X-Y adjustment for centering the OTR screen image 
 
Shielding: Provide ambient light shielding 
 

2.4.2   Second Lens Assembly 
 

Diameter: 2” or 50 mm 
 
Adjustment capability: Remote focus adjustment for the camera using stepper 
or servo motors 
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Shielding: Provide ambient light shielding 
 
2.4.3   Main Body and Stand 
 

Material: Aluminum 
 
Operating Environment: Ambient air 

 
2.4.4  Camera, Camera Mounting, and Shielding 
 

Camera Type: Digital video camera 
 
Camera frame rate: 10 frames per second minimum 
 
Interface: CameraLink or other standard interface 
 
Radiation shielding: 6mm-thick Tungsten or lead enclosure; shielding the 
camera from direct exposure from radiation scattered from OTR screen 

 
Operating Environment: Ambient air 

 
2.4.5 Overall Resolution 
  

The rms radius of the electron beam in the LCLS undulator is 37 µm (at 13.6 
GeV) to 55 µm (at 4.3 GeV). The required image resolution is 12 µm or 
better. 

 
2.4.6 Charge Sensitivity 
 

The sensitivity of the OTR profiler should be consistent with operations with 
a minimum bunch charge of 0.2 nC at 4.3 GeV and a maximum charge of 1.0 
nC at 13.6 GeV. 

 
2.4.7 Camera Calibration 
 

Calibration aids (moving pinholes, pinhole patterns, etc.) shall be provided to 
permit in situ calibration of the camera. 
 

 
3.0  OTHER REQUIREMENTS 

 
 

3.1 Wakefield Shield  
 

  During normal FEL operations, the OTR imager will be replaced by a wakefield shield, 
which maintains the wall current continuity and minimizes wakefield effects on the beam. The 
detailed design of this shield will be specified at a later date. SLAC is responsible for establishing 
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general guideline for acceptable geometries. ANL will submit all proposed designs to SLAC for 
final approval before fabrication. 

 
3.2 Equipment Protection Interlock 

   
  The design is based on the assumption that, when the OTR screen is inserted and removed 
from the beam, the LINAC beam will be turned off or parked upstream of the undulator line to avoid 
damage due to beam scattering on the OTR profile components by LCLS equipment protection 
system interlocks. 

 
The OTR imager will not be used in the region of high x-ray power. 

 


