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Closest rms Fit Ellipses

For zero-centered distributions, i.e., distributions that have zero 
average value for x and x'
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Case: Uniformly Filled Ellipse
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Θ here is the Heavyside step function, 1 for positive values of 
its argument and zero for negative values for its argumentits argument and zero for negative values for its argument
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Effects back on particle beam
Classically; radiation causes damping of the transverse and 
longitudinal (energy or synchrotron) oscillations in the particle 
beam. For ring accelerators the time scale for the damping ofbeam. For ring accelerators the time scale for the damping of 
the oscillations is easy to estimate
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I d t il th ill ti ill f ll d d i idIn more detail, the oscillations will follow a damped sinusoid

( )
( ) ( )
( ) ( )

0 exp / cosx x xx t tx τ ω δ⎛ ⎞− −⎛ ⎞ ⎜ ⎟⎜ ⎟ ⎜ ⎟( ) ( ) ( )
( ) ( )

0

0

exp / cos

exp / cos

y y yy t y t t

t tφ φ φ

τ ω δ
φ φ τ ω δ∆ ∆ ∆

⎜ ⎟ ⎜ ⎟= − −⎜ ⎟ ⎜ ⎟⎜ ⎟∆ ⎜ ⎟⎝ ⎠ ∆ − −⎝ ⎠

Physics 417/517 Introduction to Particle Accelerator Physics  11/19/2009



Damping rates in detail

2

For vertical (out of bend plane) damping

2y dampingτ τ≡

For horizontal (in bend plane) damping

( )2 / 1x dampingτ τ ϑ≡ −
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For vertical (out of bend plane) damping
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Radiation Partition

The damping is partitioned into the various degrees of freedom 
by
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By suitable design (i.e., choice of D, ρ, K) one can shift greater 
or less damping between the horizontal and longitudinal 
degrees of freedomdegrees of freedom.

Physics 417/517 Introduction to Particle Accelerator Physics  11/19/2009



Robinson’s Theorem

No matter what choice is made for the radiation partition
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Linearized Synchrotron Oscillations
N d i i d i f S h O ill i dNeed to revisit damping of Synchrotron Oscillations, and 
energy equilibrium including the energy radiated away
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Normal modes are damped with a damping given by
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