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the externally applied steering fields. Thwakeimpedance

Abstract characterizes the strength of the interaction.
The transport of a higburrent relativistic electrofeam
in a stripline beam kicker istrongly dependent on the 2 ANALYSIS

wake properties of the structure. Téfiéect of the beam- The wake impedance is a measure thfe spectral
induced fields on the steering of the beam must becharacteristic ofthe integrated Lorentz force on #est
determined for a prescribed trajectawithin the structure. charge,q traveling afixed distances, behind a source
A 3-D time domain electromagneticode is used to charge, Q. The concept of thewake potential and
determinethe wake fieldsandthe resultant Lorentforce transverse wake impedance of a strucawreediscussed by
on the beam both for an ultra-relativistic electimsam DeFord,[2] and are defined as

moving parallel to the beamline axis as well abeam
that follows acurved trajectory through the structure.
Usually in determining the wake properties of the
structure, avake impedance is founfibr a beam that is
moving parallel to the beamline axis. However, extend e
this concept tocurved trajectories by calculatingpeam Z,(w) =1 IWt(s)e'des )
inducedforces along thecurvedtrajectory. Comparisons V-,

are madewith simple transmission linenodels of the \wherew = kv.

structure. The wake propertiese used inmodels to This type of stripline structure has been discussed
transport the beam self-consistently through the structurg, somedetail by Ng.[1] A simple model for thedipole

wake impedance can be found using a simple transmission

1 00
W(s):6:[odz(E +va)|t=(S+Z)/V @)

1 INTRODUCTION line model as shown in Figure 2.
The stripline beam kicker idesigned tcspatially separate
a high current electron beam for transport into two |< d >|
separate beamlines. Figure 1 shows achematic
representation of the geometry under consideration. Zslj q> .o _q) e é) LI]Zs
Drive pulse
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Figure 2. Transmission line model
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To account for theurvedtrajectory of thebeam
within the structure, amquivalentshunt dipole current,
g(z,t) will be continuously setup along the transmission
line to account for thehange in the beam’s dipoteturn
Figure 1. Kicker geometry and beam trajectory current. The current sources thie ends ofthe structure
represent the dipole gap return currents. Therefore, the

An externalpulse is applied tothe downstream transmission lineequations representinthis model are
end of the kicker and the beam is deflected into one of twgen py

beamlines. The beam kicker is conceptually similar in

design to a stripline beam position monitor.Hywever, ﬂ = —Lﬂ (3)
the beam position monitor is typicallysed in high- 0z ot

energy acceleratapplications with small bearourrent, and

to determine the transverse beam locatiomi@asurement al N

of inducedvoltages on the striplines. In our application, % = —CE+9(Z,t) 4

the beam current is sufficiently large asgenerate beam-
inducedvoltagesand currents onthe strip transmission where
lines comparable with the externaldppliedvoltages and 2 . Op.0d

currents. The dipole component of theam-induced fields 9(z.t) = _S'nDESDE[r(Z)IB(t —d/c- 10)] (5)
cancontribute to the steering of the beamaddition to R
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andr(z) represents the trajectory of the beam through tiseibtended angle of each of the 4 strips waslégiees and
structure. the enclosure radiusvas 1.9 cm. The structure was

If the beam is moving at a constant offset in théerminatedwith 25Q resistors whichwere chosenbased
structure, the onlydipole current sources in theon afrequency domain calculation tbe TEM impedance
transmission line model are the upstreamd downstream of the structure for our geometry. Even rigpresent the
dipole gap return currents. The wakae then found by gross geometric characteristics of the structuseng
application of Equations (1) and (2) to tfields along the cubical cellsrequires acell size of 0.5 mm making the
transmission line and analytic expressions for the computational size of this problem 8%i@ells and
transverse dipolen{= 1) impedance is found forraatched requires aime step of .83 ps adictated bythe Courant
transmission line as condition. The axial ends of the problespacehad MUR

radiation boundary conditions imposed tprevent

Z(w) = iﬁzsz sin? g&%l%nz gﬂg undesired reflections. The MUR boundary conditiomse

RS 2Hw ¢ (6) located 25 cm awajrom eachend of the structure to
.. JwdO . Owd[M allow a sufficient decay of evanescent waves. The problem
+jsin=——cos=— .
Oc O O¢ EE was run for 16000 time steps.
For modeling purposes the trajectory of theam

The effect of g(z,t) is to set up waves was either a constant offset beam atdius of 1 cm or a
continuously along the transmission line whiceract trajectory of the form
with the test charge as opposed to the case whebbetim
is moving parallel to the axiandthe perturbed current is ((2) = To %_COSDE[D )
only generated at the gaps at the beginming end of the Od EH
structure. The continuoussource distribution will
significantly alter the wake properties of the structure.

For example, if the beam enters on aai&l is whered is the length of the structure. In this case, the
steeredoff axis by an externallyapplied field as in the beam enters the structure on axis and leaves at an offset of
beam kicker we expect a reduction in the transverse dipele1l cm. While this trajectory is somewhat artificial, it
impedancesince no beam return dipole current is presentas required to have the beam enter and leave the problem
at the upstream gap. Also, theesence ofhe continuous space normal to the plane of the Mu&liationboundary
distribution of sources willlead to asuperposition of conditions at the axiaénds ofthe problemspace for
waves with differing phases to interact with the test charggability of the code. Figures 3a and 3b show comparisons
which can lead to a reduction in the impedance as well asfathe analytic model of the offset beam with results
redistribution of the spectral content of timapedance obtained numerically through the modelingde for the
associatedvith the structure. A beam transpartodel transverse dipole ipedancefor a beam with a constant
based on the effect of the distributgltintcurrent sources offset. As is seen, there is excelleliw frequency

is being developed.[3] agreementwith the numerical results for the constant
offset beam with the analytic dipole impedanEeures
3 MODELING 4a and 4bshow the resultslue to the distributed source

0(z,t) arising from the trajectorgefined in equation 7.
Note that these plots do namclude the contributions
from the dipole gap currents. Again, there is excellent low
frequency agreement betwetre distributed sourcenodel

and the code results. These results must be subtracted from
the constant offsempedanceresults to obtain the total
curved trajectory dipole impedances. Tledfect of the
ddrved trajectory, as expected wasréducethe impedance
andredistributethe impedancespectra. The deviations at
the higherfrequenciesnay bedue tothe high frequency
impedance othe wire resistoraised inthe FDTD code
I?zvhich are not included in the analytic model since we are
assuming the striplines to be matched.

We use a 3-Oinite-differencetime-domain (FDTD)code,
TSAR (Temporal Scatteringnd Response) to model the
wake properties of the structuesd comparethe results
with the simple transmission linmodel for thestructure
as described by Ng.[1] The code uses a @i composed
of cubical cells for the FDTD analysis, witbach cell
being assigned a given material property. The cell size
typically chosen to resolve the shortestavelength
expected inthe problemand is chosen small enough to
accurately represetihe smallest dimension in theodel.
In addition, to satisfy stability requirements for the FDT
field solver, the Courant condition for the time stepst
be satisfied. This condition isltkdx/29 wheredx is the
length of a celledge. It isalso important to resolve the
lowest frequency that the electron beam may excite, which
determines the total number of time steps to be run for a
specific problem.

In our numerical calculations, the length of the
structure was 10 cm, the stripdiuswas 1.65 cm, the
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Figure 3a. Real part of impedance for offset beam
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Figure 3b. Imaginary part of impedance for offset beam
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Figure 4a. Contribution toeal part of dipoleimpedance
for curved trajectory from distributed source tegtz,t)
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Figure 4b. Contribution to imaginary part afipole
impedancefor curved trajectory from distributed source
term,g(z,t)

4 CONCLUSION

The effect of including more complex beam trajectories in
wake impedancealculations can have significant impact
on the nature of the beam interaction. Theffects are
particularly relevant in thelesign of high-currenbeam
transport systemwherethe beamnducedfields may be
large. It is found that the wake impedance spectra is altered
due tothe introduction of a continuous distribution of
shunt transmission line currents to account fordhange

in dipole return current as the beamdeflected in the
structure. The resultant superpositionvedives generated
by the distributed current sources is to redistribute the
spectral content of thevake impedance. We sé®m our
modeling thewake impedance atery low frequency is
reduced by dactor of 2 indicatingthe effect of beam
induced steering is not as significant as in the betiset
case.
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