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Abstract

The purpose of this study is to calculate the longitudinal and transverse wakefields of the FCC collimators using the electromagnetic codes ECHO3D and IW2D. We cross-checked our results using CST particle studio for long bunches, and found them to be in good

agreement. The obtained results show that the collimators represent an important wake potential source for FCC-ee in the transverse plane. In particular, using the code PyYHEADTAIL, we have found that the geometric contribution of the collimators’ wakefield reduces
significantly the transverse mode coupling instability threshold. Therefore, it is imperative to explore and implement solutions that effectively mitigate this wakefield source.

Introduction Numerical solution

The FCC-ee is a proposed particle physics facility to be built in the CERN area [1], featuring a
circular tunnel spanning 91 kilometers to house an advanced electron-positron collider.

As part of our efforts in the project, we are actively engaged in evaluating the impedance and collective
effects associated with the collider |2, 3, 4, 5]. In particular, we have focused our studies on the lowest
energy machine (Z-pole) since it is considered the most critical from the collective effects point of
view. As the design of the machine progresses, its devices are better defined. In this framework, we oot

have recently found that one of the primary sources of wakefield is represented by the collimation cantsn
system.

The longitudinal (a), transverse horizontal dipolar (b) and transverse vertical dipolar (¢) geometrical wake potential of collimators for a 0.4 mm Gaussian
bunch calculated using ECHO3D. Similarly, the longitudinal (d), transverse horizontal dipolar (e) and transverse vertical dipolar (f) components of the

resistive wall wake potential for the same 0.4 mm bunch computed using IW2D.
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Taper transition mitigates wakefield effects, especially for transverse wakefields [6, 7]. For an axisym- oo b1 cavio
metric transition, the longitudinal and dipolar impedances are given by [8]:
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Applying inverse Fourier transform to Z7"=Y(k) yields:

wy(z) = F [—zz—i‘) / (a')%zz] = %5’(2) / (a')2dz.

By convolving this wakefield with a Gaussian distribution \(z) = \/%a e 292 we can obtain the wake
potential for a given bunch length o, as [9]
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q o The wake potentials that have been evaluated so far consider several components, including the resistive wall, bellows, beam position monitors (BPM), and the RF system, which includes tapers connecting the
12
CL_ dz cryo-modules in both longitudinal and transverse planes. These contributions are illustrated in the following figures. It is worth noting that, apart from the resistive wall and the bellows, the other devices have a
5 .
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These equa tions offer valuable iIlSigh ts into how the taper 1eng th influences the geome tric contribution negligible impact on the longitudinal wake potentials. However, in the transverse plane, the geometric contribution of collimators is almost equal to the total of all the other wakefield sources evaluated so far.

to the collimator’s wakefield, playing a crucial role in effectively reducing wakefield effects.
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Comparison of analytical expression and numerical simulations for the wake potential of a 5 mm Gaussian bunch passing through a

collimator with a half gap of 3.5 mm, using ECHO3D. a) The total longitudinal b) horizontal dipolar and c) vertical dipolar wake potential of the FCC machine for a 0.4 mm Gaussian bunch.

Collimator settings and the model Collective effects

. . . . As expected, the geometric wakefield due to the collimators reduces the threshold by a very large amount and solutions to decrease the amplitude of such wakes must be found. We are currently exploring the
Summary of the collimator settings for the Z-pole and for the 4 IPs layout as shown in the following table [10]. The length of these

. _ ‘ maximum length of tapers that can be implemented to effectively reduce the impact of the geometric wakefield. In addition, non-linear tapers [12] and non-linear collimation optics [13] can also be explored as
collimators is much longer than the SuperKEKB model (0.3 - 0.4 m instead of few mm).

type |length [m]|half-gap [m] | material | plane| (3, |m]

name By [m]

potential methods for mitigating the effects of the geometrical impedance. With the non-linear optics solution, also the RW contribution of the collimators can be effectively reduced. These approaches may offer
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additional advantages over linear tapers, such as greater flexibility and control over the beam dynamics. Our investigation into this matter is ongoing.
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A proposed FCC-ee collimator model. It should be noted that the length of these collimators is much longer than the SuperKEKB lel 1.

lell

model [11], ranging from 0.3 to 0.4 meters instead of just a few millimeters.

The PyHEADTAIL simulation code analyzes the combined effects of longitudinal and transverse wakefields, particularly in the FCC-ee. Real part of the tune shift of the first azimuthal transverse coherent

e oscillation modes normalized by the synchrotron tune Qs as a function of bunch population without (a) and with (b) the effect of geometric wakefield of the collimators.
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