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Abstract 
The CESR Test Accelerator (CESRTA) program targets 

the study of beam physics issues relevant to linear collider 
damping rings and other low emittance storage rings.  
This endeavour requires new instrumentation to study the 
beam dynamics along trains of ultra low emittance 
bunches.  A key element of the program has been the 
design, commissioning and operation of an x-ray beam 
size monitor capable, on a turn by turn basis, of collecting 
single pass measurements of each individual bunch in a 
train over many thousands of turns. This new instrument 
utilizes custom, high bandwidth amplifiers and 
digitization hardware and firmware to collect signals from 
a linear InGaAs diode array.  The instrument has been 
optimized to allow measurements with 3x109 to 1x1011 
particles per bunch.  This paper reports on the operational 
capabilities of this instrument, improvements for its 
performance, and the methods utilized in data analysis.  
Examples of key measurements which illustrate the 
instrument’s performance are presented.  This device 
demonstrates measurement capabilities applicable to 
future high energy physics accelerators and light sources. 

INTRODUCTION 
The X-ray Beam Size Monitor (xBSM) provides 

experimenters in the CESRTA program with the ability to 
measure the vertical beam size of individual particle 
bunches on a turn-by-turn, single pass basis.  At present 
two xBSM instruments have been installed in 
experimental areas of the Cornell High Energy 
Synchrotron Source (CHESS).  One is used for positrons 
and the other is used for electrons.  Each setup has its own 
x-ray source, which is a dipole magnet within the Cornell 
Electron Storage Ring (CESR). The critical energy is 0.6 
keV during 2 GeV CESRTA operations.  A set of in-
vacuum optics focuses the photon flux onto the detector.  
The geometry of the beam line provides an optical 
magnification of 2.34 for the positron line and 2.52 for 
the electron line.  A continuous vacuum vessel, containing 
optics elements and filters which are inserted into the x-
ray beam, extends from the x-ray source to the detector.  
Images are collected via a custom data acquisition system. 
Figure 1 shows the functional layout of the positron line.  
The electron line is a near mirror image. 

 
Figure 1:  Layout of the xBSM positron line  

VACUUM 
A multi-stage differential pumping scheme has been 

implemented to allow “windowless” transmission path 
from the x-ray source to the detector.  The scheme 
features a series of apertures, turbo pumps and gate valves 
along the x-ray beam line.  This setup allows us to have 
electronics (printed circuit board, cables, etc) which are 
not vacuum compatible within the detector box without 
contaminating CESR.  This is critical for the proper 
operation of the instrument.  The vacuum system pressure 
is automatically controlled and monitored via 
programmable logic controllers.   

DETECTOR 
The detector is a vertical linear array of 32 InGaAs diodes 
with a 50 µm pitch and horizontal width of 400 µm. The 
InGaAs layer is 3.5 µm thick, and absorbs 73% of 
photons at 2.5 keV. The time response of the detector is 
sub-nanosecond.  

OPTICS 
The xBSM utilizes four different optical elements.  For 

all beam energies, a vertically limiting slit (referred to as 
a pinhole) is available.  For beam energies less than 2.5 
GeV, a low energy Fresnel zone plate and a coded 
aperture are available.  At 4 GeV and greater, a high 
power coded aperture can be inserted into the x-ray beam.  
The low energy optics are contained on one “chip” which 
is made from a 2.5 µm silicon substrate with a 0.7 µm 
layer of gold forming the optical features.  The high 
energy coded aperture is made from a 625 µm silicon 
substrate with a 10 µm layer of gold.  The coded aperture 
features of the high energy optics are the same but one 
half the scale of the low energy optics.  Figure 2 shows 
the coded aperture features. 
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