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Abstract 2 NUMERICAL CALCULATIONS

The performance of future linear colliders are limited b)2'1 General consideration
the effect of short-range collimator wakefields on the beam. The numerical calculation of the wakefield of a collima-
The beam quality is sensitive to the positioning of collimator is not as straight-forward as that of a cavity. For a cavity,
tors at the end of the linac. The determination of collione can accurately determine the wakefield by a finite in-
mator wakefields has been difficult, largely because of theegration along the cavity gap using the so-called indirect
scarcity of measurement data, and of the limitation of apnethod. Since the collimator protrudes into the vacuum
plicability of analytical results to realistic structures. In thischamber, one obtains the wakefield by integrating along the
paper, numerical methods using codes such as MAFIA apgam axis using the so-called direct method. This method
used to determine a series of tapered collimators with reajenerates large numerical noises as a result of field singu-
angular apertures that have been built for studies at SLAfarity of the beam along the beam path. To suppress these
We will study the dependences of the wakefield on thaoises, a separate run with the beam is carried out for the
collimator taper angle, the collimator gap as well as themooth vacuum chamber without the presence of the col-
bunch length. Calculations are also compared with me#imator. One then obtains the wakefield by subtracting the
surements. smooth vacuum chamber wakefield from the direct colli-
mator wakefield.
In our simulations, we use a new direct method imple-
mented in MAFIA. By accurate treatment of the beam cur-
1 INTRODUCTION rent, the method enables one to obtain the wakefield in a
single run by integrating along the beam axis without in-

Wakefields generated by collimators in the coIIimatioﬁrOduc'ng unwarranted numerical noises. We found that the

system may limit the performance of future linear coIIidersIeSl"lt.S obtained by th|s method a}greed well with the previ-
s direct method using subtraction. Furthermore, compar-

Short-range wakefields can cause beam emittance grovﬁH

and energy spread. Experience from SLC showed that t 0N with measurements will be a testbed for the validity of

beam quality was sensitive to the positioning of the coIIiE is method.
mators at the end of the linac [1]. Therefore, accurate de-
termination of collimator wakefields is essential duringth€-2  The MAFIA model

design and operating phases of a collider.

The determination of collimator wakefields has been dif-
ficult. Experimentally, there were very few measurement
data available from existing linacs such as the SLC. Ana-
lytically, the calculation is difficult and usually applies in
a regime that is far different from the realistic geometry
of the collimator [2]. Numerical methods are possible us-
ing codes such as MAFIA [3]; however, the validity of the
result still needs to be confirmed. A series of collimators Figure 1: MAFIA model of the collimator.
were built and measured for their wakefields in the SLAC
linac in the year of 2000 [4]. The measured wakefields The details of the apparatus setup for measurements
agreed reasonably well with MAFIA simulations, but wereof the collimator wakefields have been discussed else-
quite different from analytical results. In this paper, we willyhere [5]. The collimators are in a vacuum chamber with
use MAFIA to calculate the wakefield and will study its desquare cross section, 3.8 cm wide and 3.8 cm high. The col-
pendences on the taper angle, the bunch length as well|ggators are 3.8 cm wide, and have vertical tapers at both
the collimator gap. We will investigate both the transversends with a small gap for the beam to pass through. A typ-
and longitudinal wakefields. Also, only the geometricalcal MAFIA model of the collimator is shown in Fig. 1.
wakefield is considered, while the wakefields due to resignly one quarter of the structure needs to be simulated by
tive walls and surface roughness are ignored in this studytaking advantage of symmetry.

One crucial aspect of maintaining accuracy in the simu-
lation is to ensure the taper modeled smoothly without the
*Work supported by DOE, contract AC03-76SF00515. introduction of a stair-case mesh normally encountered in




finite-difference methods. The aspect ratio of mesh steps
will become large especially for shallow tapers. In this sit-
uation, the calculation will become inaccurate even though
the taper can be modeled exactly. The collimators that we
have simulated have a taper angle ranging from 200 mrad to
600 mrad. It appears that the aspect ratios of the tapers are
still small enough to be modeled accurately. The Next Lin-
ear Collider (NLC), for example, will have much shallower
tapers. Time domain methods using unstructured grids may
be required to obtain accurate results (for example, see [6]).

3 TRANSVERSE WAKEFIELD
3.1 Wakefield

The transverse wakefield of the collimator with a gap 3.8
mm (taper angle of 335 mrad) for a bunch length of 0.65
mm is shown in Fig. 2. The kick factak;, is computed by
integrating the transverse wakefield per beam offset with
the bunch shape. One can obtain the deflection from the
following formula

Nr
yl = ektya (1)
Y

wherey is the beam offset)V the number of electrons in
the bunchy. the classical electron radius, andhe rela-
tivistic factor. For the measuremenfs, = 2 x 10'° and

v = 2.33 x 103. The calculated deflection for the collima-
tor is 3.80urad/mm, which is in good agreement with the
measured value of 3.72Zrad/mm. This provides us with a
very good benchmark case so that we can extend our calcu-
lations to other cases. In the following, we will present the
results for the dependences of the deflection on different
geometrical and bunch length parameters. Whenever mea-
sured data are available, they are shown and can be com-
pared with calculations.
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Figure 2: Transverse wakefield of the collimator.
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Figure 3: Deflection vs. taper angle
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Figure 4: Deflection vs. bunch length.
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Figure 5: Deflection vs. gap ratio.

able. The simulated results show a less than linear depen-
dence on the taper angle. This should be compared with
the analytical result [2], which has a linear dependence.

3.3 Dependence on bunch length

3.2 Dependence on taper angle

The deflection as a function of the taper angledos

The deflection as a function of the bunch length is shown
in Fig. 4. The bunch length range is 0.65-2 mm. The de-
flection increases as the bunch length decreases. The de-

0.65 mm is shown in Fig. 3. The taper angle range is 20@endence is very close i9'\/o while the analytical result
600 mrad. The agreement with measured data are reasbias anl /o dependence.
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3.4 Dependence on gap size

The deflection as a function of the gap ratio (gap 0 //*
size/chamber height) far = 0.65 mm is shown in Fig. 5.
The gap ratio range is 0.1-0.3. The agreement with mea- i
sured data is quite good. The deflection decreases rapidly

with anincrease in the gap size. It shows a dependence sim-
ilar to the analytical prediction which has an inverse linear
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Figure 8: Loss factor vs. bunch length.
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Figure 6: Longitudinal wakefields of the collimators.
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The loss factor as a function of the taper angledos
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Figure 9: Loss factor vs. gap ratio.

4.3 Dependence on bunch length

The loss factor as a function of the bunch length is shown 5 REFERENCES
in Fig. 8. The loss factor falls sharply with the an increasgl] P. Raimondi et. al., Proceedings EPAC-98, 245 (1998).
in the bunch length. For long bunch lengths, the wakefielgh) G stupakov, SLAC-PUB-7167 (1996).
becomes more inductive and the loss factor tends to zero[B] The MAFIA collaboration. CST GmbH, Darmstadt, Ger-

many.

[4] P. Tenenbaum et. al., Proceedings LINAC-2000, 56 (2000).

The loss factor as a function of the gap ratiofoe 0.65  [5] P. Tenenbaum et. al., these proceedings.
mm is shown in Fig. 9. The loss factor drops sharply wit%
an increase in the gap size. When the bunch length is smal
compared with the gap, the loss factor has a small value.

4.4 Dependence on gap size

l Z.Lliet. al., these proceedings.



