Byung C Yunn (5/5/06)

Emittance Growth due to Synchrotron Radiation at the 12 GeV CEBAF Upgrade – A Derivation of Analytic Formula
In my earlier note (5/2/06) I used the following analytical formula
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to estimate emittance growths (induced by the synchrotron radiation) at the 12 GeV upgrade. The results agreed quite well with DIMAD and ELEGANT but not with OPTIM. As my analysis was based on Eq. (1), it is worthwhile to know what approximations are made in order to get the formula.
The second moments of beam phase space distribution are given by
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and similar expressions for 
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In Eq. (2),
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and H and Φ functions are
H
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 is the betatron phase advance from s to L. Note that here I am considering a transport system which extends from s=0 to s=L. For further details, see SLAC/AP – 47 by M. Sands.
We now make following approximations in succession to obtain Eq. (1).
1. Constant energy and bend radius
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2. H is replaced by its average 
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3. Next, the integral is set to ½.
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4. Finally, 
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is assumed.

 After having made all these approximations I find
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                                                                                   (3)           
which reproduces Eq. (1).

As you can see, an estimation based on Eq. (1) is expected to be qualitatively accurate for the 180 degree bending CEBAF arcs. I was also able to arrive at Eq. (1) using results from SLAC-121 (The Physics of Electron Storage Rings) by M. Sands.
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