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1.  Electro-optic Bunch Length Monitor Overview 
 
Spatially resolved electro-optic sampling (EOS) is a technique that can be used to non-invasively 
measure the absolute temporal profile of a relativistic electron bunch, including substructure, on a 
bunch-by-bunch basis. The main components of this monitor are a femtosecond laser system, 
various laser diagnostics  and an electro-optic (EO) material held normal to the electron beam 
trajectory. The electric field associated with the electron bunch induces a transient birefringence in 
the EO material as it propagates near the sample.  A femtosecond laser pulse, incident in a non-
collinear geometry, probes the transient birefringence. The polarization state of the laser is altered 
when the bunch field is present. By using a non-collinear geometry, a time sweep is produced across 
the spatial profile of the probe laser.  In this manner, the temporal profile of the electric field is 
mapped into the spatial profile of the probe laser. A temporal resolution of 180 fs temporal 
resolution of this monitor was obtained in previous experiments at the Sub-Picosecond Pulse Source 
with a dynamic range of 8 ps.  
 
In addition to providing bunch length information, EOS also yields the relative time of arrival 
between the probe laser and the electron bunch.  This information is used to characterize the 
combined jitter between the accelerating components, electron gun, RF distribution network and the 
laser system.   
 
2.  Laser System 
 
An Erbium doped fiber laser will produce the optical pulse train that will probe the transient 
birefringence induced in the electro-optic material. This laser operates with a center wavelength of 
1560 nm but will be frequency doubled to 780 nm before probing the EO crystal. Table 1 displays 
the laser specifications.  The repetition rate of the laser will be frequency locked to the SLAC RF 
with <250 fs (rms) phase jitter integrated from 1 Hz to 10 kHz. In normal operation, an optical 
switch will be used to reject pulses that do not coincide with the electron beam.   
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Table 1. Laser specifications for EOS. 
 

Parameter 1560 nm 780 nm unit 
Pulse Duration 70 70 fs 
Repetition Rate 34 34 MHz 
Average Output Power 40 10 mW 
Pulse Energy 1 0.3 nJ 

 
 

3.  Laser/Electron Beam Geometry 
 
The vacuum chamber that houses the electro-optic crystal will be designed for a 30° angle of 
incidence of the laser beam for both transmission and reflection geometries (figure 1).  The 
coordinate system is defined such that the electron beam is traveling along the z-axis. The x-axis is 
defined to be in the horizontal plane and the y-axis the vertical. The laser beam will propagate in the 
x-z plane. 
 

         
 
Figure 1: EOS transmission (left) and reflection (right) geometry. Purple cylinder represents the 
electron beam and the pink cylinder represents the laser beam at 30° incidence.  The yellow square is 
the electro-optic sample.  
 
 
4.  Electron Beam Aperture Effects 
 
A 2” stay clear boundary must be maintained 4” prior to and after the EO material to prevent 
manipulation of the electron beam field due to aperture effects.   A 1” stay clear should be 
maintained over a 12” region before and after the interaction point.  
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5.  Crystal Imaging Aperture 
 
A clear aperture extending 7.5° from the interaction region about the optical axis (laser propagation 
direction) shall be maintained.  This clearance allows a sufficient resolving power such that the 
detector pixel size (13 µm) becomes the limiting factor in resolution with 1:1 imaging. This clearance 
also allows the ability to steer the laser spot about the EO crystal. 
 
 

6.  Sample Motion and Manipulation 
 
The ability to remotely insert multiple samples (~8-12) into the interaction region is required to tune 
the experimental apparatus and to test various electro-optic materials. A proposed sample 
manipulator using a rotary motion is displayed in figure 1. The typical crystal dimensions are 1 cm x 
1 cm with thicknesses varying from 0.1 mm to 1 mm. In addition to the ability to change crystals, 
the sample needs to have the ability to translate perpendicular to the electron beam trajectory for 
both the horizontal (x-axis) and vertical (y-axis) directions (see figure 2). Table 2 contains the 
specifications for these motions.  
  

 
 
Figure 2. EO crystal geometry perpendicular to the electron beam trajectory. 
 

 
Table 2.  Sample motion specifications. 

 
Motion Nom. Position Range Accuracy Repeatability

Horizontal  
Translation 
(x position) 

5 mm -3 mm < x < 7 mm 50 µm 50 µm 

Vertical Translation 
(y position) 0 mm -2 mm < y < 2 mm 50 µm 50 µm 

Sample Rotation - Continuous 360° 
Rotation 1° 1° 
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7. Samples 
 
A preliminary list of samples is presented in Table 3. Additional electro-optic materials may be 
added to the list to research the temporal response of different materials.  
 

Table 3. Samples that will be inserted into the interaction region. 
 

Sample (Thickness) Temporal Response Purpose 

Zinc Telleride (1 mm) 1 ps Find initial signal 

Zinc Telleride (100 µm) 150 fs Monitor for normal operation 

Gallium Phosphide (100 µm) 100 fs Monitor for normal operation 

Glass Substrate with vacuum 
deposited Chrome --- Ruled target for imaging 

optimization 

OTR Foil --- Coarse Synchronization 

Aperture --- Determine electron beam 
location 

 
 

8.  Coarse Timing/OTR 
 
An OTR monitor (PRD 1.2-021) must be housed within the laser enclosure to provide a timing 
reference for synchronization of the optical pulse and electron bunch to within 500 ps.  Ideally, the 
OTR foil will be inserted at the interaction point and will emit OTR and reflect the probe laser onto 
a 2 GHz photodiode to ensure near identical optical path lengths. The photodiode signal will be 
analyzed by a 2 GHz oscilloscope mounted near the EO setup.  
 

9.  Laser Optics and Diagnostics 
 
Various laser optics (polarizers, waveplates, mirrors, lenses, etc…) will be used to condition the laser 
to probe the transient birefringence produced in the EO crystal. These optics, along with diagnostics 
used to characterize the laser beam (spectrometer, diode, CCD area detector), will be mounted onto 
an optical table (~ 48” x 48” ) whose surface shall be ~4-6” below the electron beam height. A 
schematic of the proposed optical setup is pictured in figure 3. 
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Figure 3. Layout of optical components and diagnostics for EOS. mWP is a motorized wave plate, 
mMR is a motorized mirror, tET is a translating etalon and tMR is a translating mirror. 

 
10.  Laser Enclosure 
 
The surface of the optical table supporting the laser optics and detectors, as well as the EO vacuum 
chamber, must be housed in a light-tight enclosure that is lockable.  This enclosure will remain 
locked with the exception of the initial laser alignment and during configuration changes.  In normal 
operation, the laser system will operate in a Class I mode since no laser radiation will be present 
outside of the enclosure. The enclosure serves the dual purpose of providing a clean, controlled 
environment (AC and filters) to increase the lifetime and performance of laser optics and detectors. 

 


