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1. Introduction 
NSLS booster diagnostics consisted of tune measurement system, system for turn-

by-turn measurement on the electron beam, and beam intensity monitor, which is not 
absolutely calibrated. We present design and implementation of synchrotron light 
monitor for the booster, which expands diagnostics capabilities. The system allows to 
measure an orbit, beam sizes and coupling of the electron beam along the ramp. 

2. Set-up 
There are eight synchrotron radiation ports available for diagnostics. We chose 

the most accessible one, which is close to the achromatic bend cave. The layout of 
synchrotron radiation monitor is shown in Fig. 1. Synchrotron light is emitted by the 
circulating electron beam in the middle of B4BM1 magnet. An aperture, installed 
immediately after output window, cuts off the radiation scattered from the walls of 
booster vacuum chamber. Light passes through an iris, which is used for precise control 
of the light intensity and is reflected up by a broadband metallic mirror. A lens with 30 
cm focal length creates image of the electron beam with demagnification of 5.7. Coarse 
intensity control is performed by a filter wheel, which has six positions. Five positions 
are filled with neutral density filters with optical density varying from 1.0 to 5.0, while 
the sixth position is left empty. The wheel has remote control, which allows adjustment 
of the image intensity from the NSLS control room. View of the whole installation one 
can find in Fig. 2. 
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Figure 1. Present layout of synchrotron radiation monitor for booster. 



Over the ramping cycle the critical wavelength of the synchrotron radiation 
changes from 6.87 microns to 28 nanometers (see Fig. 3). To decrease intensity changes 
associated with this effect we installed a narrowband optical filter with central 
wavelength of 630 nm. 

 
 

 
Figure 2. View on the synchrotron radiation monitor for booster. 
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Figure 3. Spectra of synchrotron radiation from the booster bend magnet at 

different energies. 

3. System resolution budget 
One of the most important issues for the imaging system is its resolution. We can 

neglect geometrical aberrations because the optical system is very close to paraxial. The 
chromatic aberrations are eliminated by usage of the narrowband optical filter.  
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Figure 4. Calculated beam profile in the plane of camera sensor. 

The actual beam size 5.7 times larger. 



An optical system, where source is at distance L from the lens with focal length of 

f, creates image at distance
fL
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= . An aperture with diameter d will create divergence 

due to the diffraction with angle d/22.1 λα = , which will define resolution in the image 
plane dlldiff /22.1 λασ == . For 1” mirror tilted by 45º effective d=17.8 mm and 
resolution in the CCD plane will be 15 microns. 

The observation wavelength λ=620 nm is longer then critical wavelength at 
extraction energy. Therefore, the radiation forming the image of the beam will have 
opening angle of 31)(41.0' ρλσ γ ±= , where ρ=1.91 m is radius of curvature of the orbit 
in the NSLS booster. Substituting the values gives opening angle of 2.8 mrad and 
radiation formation length 323182.0 ρλ=z equal to 11 mm. The images of the electron 
beam at different parts of the trajectory will be focused at different locations and the 

image length will be 2
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≈ . Resolution due to the non-zero source length can be 

estimated using demagnification factor 2/''7.5 zsource γσσ =  and is 2.7 microns. The 
obtained value is much smaller then the diffraction resolution and could be neglected. 
The numerically calculated profile of the image of the electron beam is shown in Fig. 4. 

The BLH201 CCD camera manufactured by Cohu has a sensor with 1/3” diagonal 
and number of pixels 768×494 (pitch of 8.8(H)×10(V) microns). Matrox Meteor-II 8-bit 
frame grabber produces image of 640×480 pixels, and for analyses we used pixel pitch of 
10.5 microns for both directions. This value is smaller than optical system resolution and 
does not significantly affect overall system resolution.  

Another factor affecting resolution is shift of the CCD sensor from the image 
plane. To preserve system resolution, camera should be positioned with accuracy better 
than 0.1 mm. For this purpose it will be mounted on a translation stage with micrometer. 
The position will be scanned for the smallest observed beam size.  

4. Data Processing 
The digitized video camera signal is used for processing. The software allows 

capturing of consecutive frames after trigger synchronized with the injection impulse. 
Images, saved as a bitmap file on the hard drive, are analyzed for extraction of needed 
information. Presently, the following functions are realized: background subtraction, 
locating of the beam center for the orbit observation, transverse sizes measurement for 
the emittance estimations and detection of the beam instabilities, tilt angle calculation. 
The last function is needed because optical system rotates the beam image by 
approximately 30º. The fitted Gaussian profiles are displayed on the screen as blue 
dashed lines (Fig. 5), when the measured density distributions are shown as blue solid 
lines. Good match between fit and experimental data is observed.  



 
Figure 5. Processed image of the electron beam. Magenta lines show tilt of the 
optical system. Green lines show the ellipse axes and are used for calculation of 
coupling. 

 
Figure 6. Consecutive frames of the electron beam circulating in the booster 

separated by 33 ms. The image at the upper left corner correspond to injection and 
the utmost right image in the bottom row corresponds to extraction. 



 
Figure 7. Parameters of the electron beam during ramp. Injection occurs at zero 

and extraction follows 320 milliseconds later. Actual injection and extraction time 
can vary because camera is not synchronized. 

The dependence of the observed beam parameters (the horizontal and vertical 
sizes, the horizontal and vertical positions, and correlation) is shown in Fig. 6.  

5. Further improvements 
As a part of the upgrade from the present SRM set-up we are planning to install 

two beam splitters, which will provide light for position sensitive detector (PSD) and 
camera with external trigger capabilities. In order to obtain high resolution this camera 
will be also mounted on the translation stage. 
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