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ILC Wiggler will have Electron Cyclotron
Resonances. What will they do?
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Electron Cyclotron Resonances Present
1 a Difficult Numerical Problem

ILC wiggler period =40 cm
B,.,=16T

200 resonancesin =0.6 =B <0.6Tor Az=34 mm

34% of wiggler period is in this regime
FWHM of resonance = 37 um

Need:  zresolution ~2 um
x,y resolution ~ 0.4 mm

Factor of 200 = Numerical Inaccuracy?
And small 7 resolution = very long runs

What resolution is needed, and are the resonances important in 3D?
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Parameters of 3D Simulations

ILC e* DR Wiggler Parameters
B gradient - linear, 1/10 of physical value

Resolution:
Ax =0.74 mm
Az =0.022 mm
Ax/Az = 34

B,, B, neglected
Non-evolving beam (Bassetti-Erskine field used)

PIC algorithm used for Space charge field

Run in parallel on NERSC computer



_’:% Effects of the Resonances are There
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after 50 bunch passages
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revecs? | Tracing the vperp back to its birthplace in z
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3658 , L 3659
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Cyclotron Phase angle vs. z
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j Line Charge Density vs. z

Line Charge vs. z 61 after 9 bunch passages
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—~, » The density pattern in x-y is not the usual
“stripes” pattern

Integrated over z
3D, n=I12-15 3651
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Energy Histograms Near n=13 -
Semilog Plots
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Red = perpendicular, Blue =y, Black = total
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Results from Single Particle Tracker with
] Linear B Gradient, 50 bunch passages
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resonances are 1.4 mm apart
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] Time in the system depends on initial E,
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initial z atn=12.0
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B n Time in system is dependent on x
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Time at Exit vs. Initial x
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j% System Length Must be Extended

System length = 2.8 mm System length = 5.6 mm
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] Very Preliminary Results - z Resolution
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] Other results also look similar after 50

, 3667 , 3667
Line Charge vs. z Line Charge vs. z
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Particle distribution in x-z plane and v, distribution also look
very similar.
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Observations

The electron cyclotron resonances do cause differences in cloud
density with z in 3D. The differences are much smaller than in
dipole magnets on and off resonance because electrons in the
wiggler move in and out of resonance.

The resonances cause a difference in the density pattern in the x-
y plane also.

The resonances are so closely spaced in the wiggler that the
beam will surely average over them. But the average density is
somewhat different from that in the case with no magnetic field.

Runs with a longer system are needed, and it remains to be
determined what z resolution is needed for simulations with the
correct B gradient.
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Delta z vs. zbirth
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ceceec?] f Distribution of Electrons in x vs. z
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