Byung C Yunn (5/2/06)

Emittance Growth due to Synchrotron Radiation at the 12 GeV CEBAF Upgrade – A Qualitative Analytic Estimate
One may estimate the emittance growth during a 180 degree bend with a fixed bend radius with the formula (from D. Douglas):
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A few simplifying assumptions are required to derive the above formula from the analysis of Sands in 1985. However, this note is not to discuss the validity of assumptions. Therefore, I will simply use the formula to gauge the effect of synchrotron radiation on the beam quality (emittance to be specific) of the 12 GeV Upgrade.
For the estimate of emittance growths we are interested in, we may assume <H> = 0.2 meter for the CEBAF arcs (see Dave’s technote). Results are summarized in the following Table I.
Table I. Estimate of horizontal (rms and unnormalized) emittance growths at the 12 GeV arcs (arc proper only which means contributions from chicane magnets are not included among others).

	Arc Number
	γ
	ρ (bend radius in m) 
	Δεx (emittance growth during 180 degree bend at the specified arc in 10-9 m-rad)
	εx (total emittance at the end of the arc in 10-9 m-rad)

	Arc 6
	13,038
	20.378
	0.410
	0.896

	Arc 7
	15,171
	30.568
	0.389
	1.159

	Arc 8
	17,304
	30.568
	0.751
	1.767

	Arc 9
	19,437
	30.568
	1.342
	2.915

	Arc 10
	21,571
	40.758
	1.271
	3.898


Note: In order to estimate the total horizontal emittance I have assumed the emittance value of 0.581 x 10-9 m-rad at the end of Arc 6 which is the value quoted in the Table 5.2-4 of 12 GeV Upgrade Draft Document.
My conclusion is that emittance values listed in the Table 5.2-4of the draft are an overestimate by a factor of 2, and that Optim probably has a bug in it. The present analytic estimate based on a simplified formula is in a decent agreement with DIMAD and Elegant results. 
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