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Abstract

Wakefields have a considerable effect on beam dynamics and they nibst neglected
for emittance growth studies, background estimates and other problemsodés used
for these problems are normally not capable of self-consistent wakefiéddlations.
They should thus be extended with either analytical models or export thefietals nu-
merically evaluated with other codes (such as GdfidL[1]) when analyticdefa@re not
feasible. Both approaches are presented as well as their implementatioAGERF[2],

MERLIN[3] and BDSIM[4]. The simulation results for the ILC and CLICdra delivery
systems are given as an example. Results produced with differentaedesmpared.
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1 COLLIMATOR WAKEFIELDS IN PLACET

In PLACET, to account for the flat structure of a collimatopale and quadrupole compo-
nents of the wake field are weighed by the Yokoya coefficiesitaf the moment when the
wake field kick is applied to each bunch patrticle:
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This is true only in the linear regime, that is for bunch paes that stay sufficiently close
to the machine axis and far enough from the collimator watts: halo particles close to the
collimator jaws, the nonlinear components of the wake maypbe significant. The wakes
scale as function of the coordinates of source and probeles{6, 7] (at least in the plane
where the gap is smaller) according to:

T COSXy + Sinx
Wik (X, X0, ¥, Y0; 2) = Wi (2) — [X* + +

8g | coshy_ +cosx;
sinx, (X sinx, —y_sinhy_)
(coshy_ +cosx; )?

X_COSX_ +sinx_  sinx_(X_sinx_ +y_sinhy_)
coshy_ — cosx_ (coshy_ —cosx_)2

(@)

T [ y_coshy_ +sinhy_
8g [_ coshy_ +cosx,
siny_(xy sinx; —y_sinhy_)
~ (coshy_ +cosxy )2
y_ coshy_ +sinhy_
coshy_ — cosx_

Wi (X, X0, Y, Yo; 2) = Wi-(2)

®3)

sinhy_ (y_ sinhy_ + x_ sinx_)
(coshy_ —cosx_ )2

with
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The first of the above equations reduces to:
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if the beam lies vertically close to the plage- 0 such thatly,yp) < g, or in general when
Y —VYo < g. The above formulee are general and account for the neareffatits. These
formulae have been implemented in PLACET. A compromise beteeequirement for low
noise tracking and computational speed is certainly nacgder this type of calculations.
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For example, the non-oscillatory character of the wakenalfor a coarse slicing of the bunch
(even if the initial drop needs to be adequately resolvetijcivalso translates into a lower
number of macroparticles required to model the bunch. Tfferdhce between linear and
nonlinear coefficients is shown in Fig. 1 for the “on axis” €egs= Yo, Eq.4. At about half
the gap size the wake becomes significantly nonlinear wetctordinates of the source and
probe particles and increases more steeply going towarchidn@ber wall. Nevertheless, @s
starts differing fromyg significantly in units ofg, the geometric cross terms in Eg. 2, which
make the horizontal wake depend on the vertical coordiratdsvice versa, cause a decrease
of the effective wake values.
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Figure 1:Dipole (left) and quadrupole (right) components of the wake field as d@iumof xo/g,x =0
andxp = 0,x/g respectively, foty,yo < g. The fully nonlinear expressions (red lines) are
compared with their linear approximations et x < g (black lines).

Figures 2 shows how the nonlinear wake field changes whemg gdiiaxis: curves ay —yo =
0.5g (blue) andy — yo = 0.8g (red) are plotted, which clearly show how the effect of théeya
amplified on axis by the nonlinear contribution, becomeskjyiweaker when moving away
from the planey = yp.

2 COLLIMATOR WAKEFIELDS IN MERLIN

The higher order wakefield modes are implemented into the MERbDbde as the they become
important when the bunch passes through a collimator closket collimator wedges. The
collimator do not have an axial symmetry as the system ismatacterized by resonances.
The formalism for incorporating intra-bunch wakefieldittie particle tracking code MER-
LIN starts with several assumptions:

¢ all particles are relativisticw(= c, y large); therefore the effect of the charges on each
other is suppressed by a poweryand therefore ignored.

e the effects of transverse velocity and acceleration arer@ph(the positiom andr’ of
the leading and trailing particle are constant)

e the collimator aperture is assumed to be circular (the hatiwof the collimator is
treated as radius in our model)
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The particle bunches are distorted from their original Garsshape during passage, therefore
trigonometric terms are important to describe the intestraicture on the same scale as the
beam pipe. If we consider the effect on a trailing particle, @tof a slice ofN particles all
ahead by the same distarsgtheir parameters aré and®’), the total effect is given by simple
summation. Writing

Cm= Zr’mcos(mq’), and Sp= Zr’msin(mq’),
where the summation is over all particles in a slide, therctmbined kick is:

W, = zWrg()rm(Cmcos( )+ Smsin(mo))
= 3 MW\ (s)r™1(Cmcos((m—1)6)+
+Snsin((m—1)6))
= SmWu(s)r™ (Sncos((m 1)0)+
+Cmsin((m—1)0))

The usual monopole and dipole formulae are reproducenhferO, 1. For a particle in a slice
i, a wakefield effect is received for all slicgs> i. So the total effect for th& direction for
example is:

wa—zmr - (cos 1)0) Y Win(Sj) Cmj+
J

+sin((m ZWm S Sm1>

The sumsCy, and Sy, depend only on the leading slicd},, depends only on the aperture
geometry and and6 depend only on the trailing particle. Fig. 3 shows an exarmplegh
order mode wakefields calculated by MERLIN.
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Figure 2:Dipole (left) and quadrupole (right) components of the wake field as diamof xo/g,x =0
andxp = 0,x/g respectively, foy —yp)/g = 0 (black), 05 (blue), 08 (red).

3 PLACET —BDSIM Interface

Halo particles which are close to the walls of the beampipg beakicked by the collimator
wakefields and interact with the beampipe material, pradusecondary particles. A single
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simulation code that implements both tracking and secgnplarticles generation, does not
exist. On the one hand, codes designed to track single legraad their secondaries deriving
from the interactions with the materials, not includingr&bunch interactions, exist (BD-
SIM); on the other hand, codes such as PLACET and MERLIN takeantount collective
effects but do not simulate the interactions of the pasigiéh the walls of the beamline.
Combining the abilities of BDSIM and PLACET allows to achieve aturate simulation
of the secondary particles generation and their trackinguich delicate components as the
collimators, taking into account the most relevant colleceffects. One method to achieve
this is under development. It consists in interfacing thé@ET tracking code and BDSIM,
based on the following idea: the tracking is performed inap@r by both codes. BDSIM
tracks core and halo particles, while PLACET tracks only theegarticles. When BDSIM
reaches an element where it is desired to include the eftdéatekefields, BDSIM sends to
PLACET the halo particles to perform the calculations of trekefield kick; then, PLACET
reports the resulting kick angles for each particle back t&BD which applies the kicks and
continues the tracking.
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Figure 3:The increase of the horizontal beam size due to the high order mode @ldkefs calculated
by MERLIN.

Although the exchange of particle information has beenesgfally implemented, difficulties
are currently being experienced in the post-exchangeitrgcKhe work is still in progress.

4 IMPORTING NUMERICAL WAKEFIELDS

When analytical models are not feasible, the wakepotergladsild be calculated using nu-
merical solvers, such as GdfidL. The wakepotentials caledlaith such codes should thus
be imported into the tracking codes, in order to be used duha tracking.

Even exploiting the intrinsic symmetries of the wakepatdst the wakefunctions calculated
using these solvers may require a considerable amountlogdace if the full information of
a computation in a fine mesh is requested. Depending on thimatdr's geometry and on
the beam size, they can even require several gigabytesko$tdisage per collimator. Such big
files are not very practical and they need to be compressediar to be actually used into
tracking codes.
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In order to compress the wakepotential files, a code wasenrtti read the output files pro-
duced by GdfidL and perform the multipole expansion of theapakentials in there, taking
into account the symmetries of the collimator to furthemuaalthe number of coefficients that
need to be stored. In order to reproduce a typical longialdiakepotential generated in a
rectangular collimator, only few modes are usually neagsaad therefore the final output
file requires only a few kilobytes on disk. Fig. 4 show a londihal wake potential calculated
using GdfidL and its multipole expansion up to the 5-th (deta@pmode, in the region of
convergence. For such expansion only 5 complex numberstodsgistored on disk, instead
of a grid of numbers mapping the potential in the whole cddlion space as the direct output
of the solver is. To cover a whole three-dimensional volutine collimator is divided in slices
and the multipole expansion is performed slice by slicajrsfthe results into a single output
file.
Another code, that soon will be included into PLACET, is atle@apable of to reading the
multipole expansion of a longitudinal wakepotential argteeng the information in the whole
three-dimensional volume of the collimator. This code alalzulates the transverse compo-
nents of the wakepotential using a numerical implememaifdhe Panofsky-Wenzel theorem
and finally returns the wakefield kick at any position in thé&uwoe.
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Figure 4:Longitudinal component of the wake-potential generated by a test elarg simple test
geometry, as calculated using GdfidL (green) and reconstructed via a oleiigpansion

to the 8" order (red). In this case, the files produced using GdfidL required4of disk
space, whereas the multipole coefficients used less than 10 Kb.

5 CONCLUSIONS

The collimator wakefields might have a strong impact on tmeihosity of future linear col-
liders. Realistic simulations of the collimators in the ILGdaCLIC BDS are being pur-
sued. Analytic calculations of the wakefields are alreadyi@mented both in PLACET and
in MERLIN. Where analytical methods are not sufficiently aatar numerical calculations
of the wakefields must be carried out using solvers, such dsliGdand plugged into the
tracking codes. A software package that expands in muéigpahd calculates the wakefield
kick directly from the solver output has been developecedHbr realistic ILC collimators are
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already available[8] and it is anticipated that these witirgly be used in tracking calculations
of the BDS.
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