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Introduction: a \standard" CSR wake

The standard approach in CSR wake treats the beam as a pencil one,

elongated in the direction of motion. All particles move with the same

velocity in a circular orbit. In steady state, CSR wake per unit length

of path is (Murphy et al., 1995; Derbenev et al. 1995)
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2D CSR { Wake: Potentials and Fields

α
ψ

R

r
rprret

s

x

y

Lienard-Wiechert potentials

' (r; t) =

e

(R� �retR)
; A (r; t) =

e�ret

(R� �retR)
;

r and t refer to the observation point and time

�ret is evaluated at the retarded time tret

R = r� rret, � is the bending radius

rret is the location of the particle at the retarded time.

The retarded time is determined by the equation R = c (t� tret).
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Why singularity at x 6= 0?

Draw wavefronts of the radiation emitted at di�erent times by a

particle moving with the speed of light around a circle. The wavefronts

are condensed on the outer side of the circle and form a caustic. The

envelope of the wavefronts in the vicinity of the charge is our singular

line.

particle's orbit

wave frontswave fronts

singular linesingular line
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For  = 0,

E� = sign(x)
p

3
4x2

�2 �1 0 1 2
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�10
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One cannot calculate the wake for a bunch in�nitely thin in  direction

(pencil beam in x-direction).
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Example (� = �z=�)
f(x;  ) =

1p
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� 2=2�2 �(x)

and � � �x.
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 , we can approximate the wake by the Æ-function
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For a Gaussian distribution in x, � = (
p
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�1 exp (�x2=2�2x)
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Conclusions (continued)

� At very short distanced, s < �
3=2

x =�
1=2, 1D CSR wake saturates

due to �nite transverse size of the beam.
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