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Abstract equations on a grid for arbitrary aperture shapes and com-
The effect of a leading particle on a trailing particle duc—?DUte the b“.”.Ch wgke fields, assuming alGausTslan bunch of
some specified size. But for particle simulation codes

to resistive and geometric wakefields in collimators can b . )
9 such as Merlin[3] needed to track the behaviour of the non-

described by expanding in a series of angular mode pQs : )
tentials W, (s). Several formulae for these are given in%'eIUSSIan l_)unch shapes that will be produced, the delta
vyake functions are needed.

the literature. We compare these formulae with numerical As an examole we consider a tapered collimator in which
predictions from codes that solve the EM field equations P P

We also show how the EM code results can be used to ng'-e beampipe of radius 19 mm tapers down to 2 mm over a

merically obtain angular mode potentials suitable for use i |stancg of 5.cm, anpl then back out again.
tracking codes. The simple and widely used delta wake formula[4] for a

beam pipe of radiug tapering in to an aperture of raditis

WAKE FIELDSIN COLLIMATORS 1 1

W) =2 (o ) 0 @

In the collimation system of the ILC the beams pass very a b

close to the collimator edges, which may lead to significant
wakefield effects. Collimators, unlike cavities, are not basi-
cally resonant structures, so the behaviour is not dominated _ i
by resonant modes. Long range inter-bunch wakefields are |
therefore unimportant, whereas short range intra-bunch efz 1
fects can be significant. Because parts of the beam are neérf’
the edge of the conductor, high order angular modescan 'L | &4
become important. Effects from transverse wakefieldsare ~ =~ = T 7 7 °
believed to be more important than longitudinal ones. The
study of these effects continues[1, 2]. “ .

wm(s,2)
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BUNCH WAKESAND DELTA WAKES

A particle going through an aperture induces charges 5
and currents which produce electromagnetic fields (wake
fields) that act on later particles. The simulation programs-
need to know the effect that a leading particle with some

transverse CF"Or?'”a_‘?’ has on SOme particle Wlth_trans- and shown in the figure was justified on the grounds that it
verse co-ordinaté trailing by some distance Foraxially  yives hunch wakes which agree with simulations from the
symmetric apertures the transverse dependence is takgi\F|a program. This agreementis clearly a necessary but
care Qf by a sum over modes = 0,1, 2", Iea'\v'lng the wgke not a sufficient condition, as there are various functions that
functionsW™ (s). These functions for individual particles . 4 give similar acceptable agreement. We need to find a

are termed thekelta wakes i clear way of getting from the bunch to the delta wakes.
The effect on the trailing particle comes not only from

this particular leading particle but from all particles in the
bunch which are ahead of it. This aggregated wake func- ECHO SIMULATIONS

tions are termed thieunch wakes. This is provided through deconvolution. The bunch

Bunch wakes can be determined from delta wakes byake v, (s) is a convolution of the delta waké’s(s) and
summation or integration. The question addressed heretige Gaussian beam profilgys; o)

how to obtain knowledge of the delta wakes from the bunch \ye determined the bunch wakes for this aperture with

wakes. ~ the ECHO2D program [5]. A bunch ef = 0.05 mm was
This is important because delta wakes (geometric angsed, with a step 0f0.005 mm.

resistive) have been calculated only in some particular 1¢ extract the delta wakes from the bunch wakes shown

cases for particular apertures. There are programs SUfhFigure 2 we take the Fourier transform, divide by the
as GdfidL, MAFIA, and ECHO which solve Maxwell's rqyrier Coefficients of a Gaussian with = 0.05, and

*Work supported by the EU Framework VI program, contract 01189§r_an3f0rm b_aCk- T_he result - th_e top left plot in Figure 3
 Roger.Barlow@cern.ch - is unphysical as it has large high frequency components.

win(s, 4

igure 1: Transversewakes suggested by Raimondi et al
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Figure 2: Bunch wakes from ECHO2D Figure 4: Reconstructefiwakes withy = 10

(It is not wrong: it gives the correct bunch wake when rea Fourier transform to accommodate and the effects wrap
combined with a Gaussian.) The problem is that at high frearound back through the origin. Given that this structure is
quencies small coefficients of the bunch wake are dividedlearly wrong raises a question about how much the other
by very small coefficients of the Gaussian, and small flucstructure can be trusted.

tuations in the denominator have massive effects.

The wake function must be zero for negative This

This problem can be removed by a simple inverse filtelis a basic causality requirement[6]: particles are only af-

If the magnitude of the Gaussian coefficientis smaller
than some tuning constahty the multiplication of the am-
plitude is capped at. The effects of differeny values are
shown in Figure 3. We choose to work with= 10

undamped

gamma=5

rsefourier(WL, lo, b,
00

g

gamma=10 gamma=50

inversefourier(WL, lo, hi, n)
w;

Figure 3: Reconstructed’{ with different damping

With this choice we reconstruct thiewakes. Figure 4
corresponds to the bunch wakes in Figure 2.

There are clearly similarities to the proposed wakes of

fected through wake fields of earlier particles. We must
haveWs(s) = 0 for all s < 0. We therefore investigate
how to include this knowledge into the Fourier deconvolu-
tion process.

USING THE CAUSAL NATURE

Suppose a region is mapped intor, 7 and a grid of
2N + 1 points setupy = —N, ...0,...N, withz = r7/N.
We are interested in functions for whigh(z,.) = f. =
0V (r < 0). We call these ‘causal functions’.

The Fourier expansion may be written

fr=">bo+ Z ag sin (krn/N) + Z by cos (krm/N) (2)
k k

For any negative we requiref,, = 0 which means that
the total contribution from the; must be equal and op-
posite to the contribution from thi;, cancelling exactly.
At the equivalent positive the cosine terms are the same,
whereas the sine terms all change sign. Therefore for
the rangel to V a causal function must have

Sa = bg + Cb @)

Figure 1 but also differences. The wakes become narrower

and larger as the mode increases. However there are alsberesS;;, = sin (kjn/N) etc andbg is a vector of length
differences: the reconstructed wakes show more structufé with all components equal ty. This is a relationship
(including crossing the axis to become positive) than exbetween the coefficients which must be satisfied for any

pected.

causal signal.

Probing the same aperture with Gaussian pulses of dif- The matrixS is square and symmetric and orthogonal.
ferento gives different bunch wakes, yet when deconvoThe off-diagonal members &2 are all zero: the diago-

luted (with the appropriate) the results are compatible.
Nevertheless there is structure at lasgealues which is

nal ones are alff except for the final bottom right one,
which is zero. However the coefficieaty is meaningless

clearly non-physical. It must arise because the function ias it multipliessin (Nrx/N) which is zero for all points.

periodic: it has a large step at= 0 which is not easy for
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form[7]. A matrix T is introduced which produces the
a— 2 (Sbg + SCb) (4) numerical second derivatives, and the quantity to be min-
N imised isxy2 + AbMTTMb. ) is adjustable: positive
The point f_, which maps onto the poinfy, does increases the smoothness at the expense of a (small) in-
not depend on they, as allsin (kN7/N) are zero. The crease iny. Values around = 10~ seem to give good
cosines alternate betweenl and—1. Therefore to ensure results.
this point is zero one must have

bo = b1 — by + bz — by... (5)

2000

So we have a procedure for working with Fourier trans-
forms of causal signals. The cosine coefficiehfs; =
1....N) can be freely chosen or determined. The above
equations 4 and 5 are then used to give the constanttgrm
and the sine coefficients;, and this uniquely guarantees
that the function is zero for all negative
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APPLICATION TO CONVOLUTION ‘ ‘ ‘ ‘ : ‘

If the (causal) signal with coefficients;, b;, is convo-
luted with a smearing function (a Gaussian of known width Figure 5: Reconstructed caus&l}
o) with coefficientsa;, 3;, then the bunch wake is

Figure 5 shows the result. There are still some artefacts -

B the range had to be restricted for reasons of speed. But the

fr= boﬁo+Z(a’“ﬁ’“+akb’“)s”“+z(bkﬁ’“_a’“a’“)c”’“ main and medium-size features of the delta wake persist
F F (6) from that of Figure 4.

Using the above expressions fag and a, this can be
writtenf = Qb where CONCLUSIONS

The deconvolution method looks to provide a way of ex-
j tracting delta wakes from bunch wakes. Further tuning of
. — —_1) v 3.
@ry (=1)"Bo + Srjeyj + Crj B + (7) the method is required, but already we can see that simple
Z (SkrBr — Crrou) formulae, though they may be useful approximations, do
k not describe the full structure.

2o

. Not only can this method be used to validate formulae,
> SkeCoj+ (=1)7 ) Ske the data values can be written to tables which will be used
£ £ as desired in the simulation packages.

To determine the parameters by fitting the ddtawe
adjust the coefficients such that = > (d, — f,)%is REFERENCES
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