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Motivation

Parabolic equation has been solved-in, CSR and
calculations, etc

Most present codes are limited for simple boundary, 1
Instance, rectangular cross-section for CSR and z
boundar for FEL (neeclarge domain

CSR is important for Super-KEKB damping ring. T¢
estimate the threshold of micro-wave instability




Impedance calculation
Gennady Stupakov,New Journal of Physic® (2006)

AXI S ym m etrl C g eom etry FIG. 1. Geometry of an axisymmetric collimator.




2D parabolic solver for

Impedance calculation
L. Wang, L. Lee, G. Stupakov, 2D solver(IPAC10)
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FEL

FEL (for example, Genesis by sven reiche)

Figure 3.4: Discretization on a Cartesian and radial mesh, left and right, respectively. The
arrows indicate the orientation of the integration path enclosing the grey shaded area of interest.

Set the field ZERO out the domain of interest




CSR

For example, CSR in bend magnet
(Tomonori Agoh, Phys. Rev. ST Accel. Beams 7, 054403 (2004)

quation to describe CSR

*Agoh, Yokoya, PRSTAB 05440
Gennady, PRSTAB 104401
Demin, PH.D thesis

K. Oide, PACO09

FIG. 1. Coordinate system and vacuum chamber. The refer-




Nonlinear Optics
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Why Finite Element Method (FEM)?

Advantages of FEM

Irregular grids

Arbitrary geometry

Easy to handle boundary

Small beam in a large domain (FEL in undulator)

CPU (strongly depends on the sol

Accuracy(higher order element, adaptive mesh, symmetry, e

Disadvantage & Challenge:
Complexity in coding (irregular grid, arbitrary geometry, 3D...)
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Mesh of chamber & beam

Figure 1: a}—detail of the grooved vacuum chamber wall;
dimensions shown are period p and fin thickness ; b)—

Ive method
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*Arbitrary geometry of beam pipe
Impedance of
Grooved surface

*Any shape of beam




CSR computation

Straight beam pipe+ Bend magnet + straight beam pipe...

Straight beam |

Straight beam pip

FIG. 1. Coordinate system and vacuum chamber. The refer-




Assumptions of our CSR
problem

We assume perfect conductivity of the walls
and relativistic particles with the Lerentz
factorg=¥

The characteristic transverse size of the
vacuum chambeaxis much smaller than the
bending radiuRk (a<<R)

Constant cross-section of beam chamber




Fourier transform

The Fourier transformed components of the
fleld and the current is defined as

o0

E(x, V,S,w) = j dt ' VT—iks g X, V¥,S, ),
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Js(X, ¥y 5, ) = j dt ' js(x,y,5,1),

—i0

Where k=w/c and jis the projection of the beam current anto

s. The transverse component of the electric {=8d IS a
two-dimensionzm , The longitudinal

component is denoted




CSR Parabolic Equation

(Agoh, Yokoya, PRSTAB 054403)

Initial field at the beginning of the bend magnet

N2E. (s=0)=0

After the bend magnet




FEM equation

(Treat s as one space dimension)

It's general case, for instance, the cross-section can vary
for the geometry impedance computation.
Problem: converge slow

(Treatsas time)

ME} +DE} =J

It converges faster, the stability need to be treated carefully

. ¥
Current status: Bend onl Z(K) = % E (X, Y., 9)ds

0




The ways to improve the
accuracy

The (longitudinal) impedance is
calculated from the transverse field,
which is nonlinear near the beam as
shown late

Fine girds on the curved boundary




Test of the code

Bend Length =0.2meter, radius =1meter
Rectangular Cross-section with dimension 60mmxXx20mm
Wang Zhou
k=10e3m!, (142.2, 119.1) (140.6, 119.5) (@end of the be
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Si ion of Microwave
Instabrity using
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Case |: Geom wake only



Case II: R wake only









Inter-bunch Co nication through CSR in
Whispering ery Modes
Robert Warnogk
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Integrati f the field from
end of ben Infinity
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Total P=3.76nTorr
th time 0.26ms and 0.04ms

total P=1nTorr

Growth time 1.0ms and 0.1ms
In X and y

t =1.0771 ms,t =0.1044ms
1 X ‘ y ‘

10 ‘ ‘ —

tx 0.264ms, ty:0.0438 ms
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HIGHER ORDER ELEMENTS
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