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Overview

Motivation
Why is the FCC project important?
Why Collimators are so important?
Why do we need numerical simulations?

How CST works (Wakefield Solver Overview)
Wake fields and impedances calculations

Limitation of CST for wake calculation
How ECHO3D works? (Wakefields calculations)

Wake potential calculations of Collimator (ECHO3D)

Validation of the results
1- Comparing the results of ECHO3D with CST
2- Convolution method

Impedance Calculation for the Collimator (CST)

Future work
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Motivation

The proposed FCC integrated programme, foresees a new
100-km-long circular tunnel in the Franco-Swiss region around CERN
that could house a new research infrastructure for particle physics.

FCC-ee is a highest-luminosity Higgs and electroweak factory
energy-frontier electron-positron collider spanning the energies from
45 to 183 GeV.

This circular lepton collider allow us to study the Z, W, Higgs and
top particles with high precision.

The second step, would be an energy frontier proton collider
(FCC-hh), offering collision energies of 100 TeV or higher (i.e. 8
times the energy of the LHC) following developments in the
superconducting and magnet technologies.

The FCC collaboration, with the support of the Horizon 2020
EU-funded FCCIS project, have launched a Feasibility Study to
support the development of a roadmap for the design and the
implementation plan of a new research infrastructure to efficiently
explore both frontiers by the end of the 21st century.

INFN/Sapienza together with CERN, DESY and SLAC are
responsible for establishing a complete impedance budget for collider,
booster and evaluate single-beam collective effects for different
modes of operation.

FCC Layout

Estimated number of collimators : 9
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Motivation

Collimators are used in storage rings and accelerators

What are the objectives of collimators?

To remove high amplitude particles from the transverse profile of the beam

To reduce the uncontrolled beam loss from the lost particles originating from
beam tails

Act as shielding for the remainder of the accelerator structures by minimizing the
production and leakage of secondary radiation

Collimator issues

Being close to the beam orbit they may introduce large impedance

This impedance perturbs the beam motion downstream of the collimator

Longitudinal wakefields → change the energy distribution and lengthen the bunch

Transverse wakefields → increase the beam emittance, shift the betatron tune
and decrease beam life time

In order to estimate the impact of these effects, the geometric and resistive wall
wakefields must be investigated.
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Motivation

Why do we need numerical simulations?
From Maxwell’s equations (equation for the high frequency impedance of tapered transitions)
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Solution: None

From Maxwell’s equations (equation for the low frequency impedance of tapered transitions)

(∇
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CST

How CST works (Wakefield Solver
Overview): Wakefields and
impedances calculations

The wakefield solver calculates the wake-potentials for a
given structure from electromagnetic fields.

Wakefield problems are driven by a bunch of charged
particles, which is passing the observed structure parallel
to a main coordinate axis.

These particles cause electromagnetic fields, which are
calculated with a time domain solver.

The Fourier transform is normed such that the unitarity
is given or Parseval’s identity is fulfilled:

∫
∞

−∞
|c(t)2dt =

∫
∞

0
|C(ω)2dω (5)

The wake function W(s) can be used to describe the
change of momentum on a test charge q2, which is at a
distance s behind the excitation bunch q1:

∆p = q2

∫
∞

−∞
dz[E +cez ×B] (6)

The wake function (including longitudinal and
transversal components) can be derived from the
electromagnetic fields by evaluating the following
integral:

W =
1

q1

∫
∞

−∞
dz[E +cez ×B] (7)

The computation of the longitudinal component even
simplifies to an integration of Ez, since the magnetic
fields do not contribute to this component:

W|| =
1

q1

∫
∞

−∞
dzE (8)

If the tangential component of the electric field vanishes
on the integration boundaries, the Panovsky-Wenzel
theorem can be used to compute the transverse wake
components directly from the longitudinal one

W⊥ =−∆⊥
∫ s

−∞
ds′W|| (9)
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CST

How CST works (Wakefield Solver
Overview): Wake fields and
impedances calculations
Wakefield Calculation Settings

A good overview for the different
indirect integration methods can be
found here in [1].

Direct: The direct method is the most general method
but also less accurate than the two indirect methods. It
is used if the particle beam is not ultrarelativistic, or if
an indirect method is not applicable.

Indirect testbeams: This is the most accurate
integration method. It can be used if the beam has an
ultrarelativistic velocity and the beam tubes cross
section at the entry boundary equals the cross section at
the exit boundary. In addition the structure must not be
concave which means basically that the cross section of
the part between the beam tubes must be larger than
the tubes cross section. As a consequence a collimator
can not be treated with this integration method in
general.

Indirect interfaces: If the cross section of the beam tube
varies at the entry and the exit boundary, one can
choose this method for ultrarelativistic beams.

[1] Indirect methods for wake potential integration, PRAB, 9,
102002 (2006)

Direct method for non-ultrarelativistic

particle beam

Indirect testbeams for ultrarelativistic particle

beam

Indirect interfaces for ultrarelativistic particle

beam

Indirect interfaces for ultrarelativistic particle

beam
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Limitation of CST

Limitation of CST for wake calculation?

For our case, it needs 30 ”mesh per wavelength” in order to have a
convergency in the simulations.

For the bunch of σ = 0.4mm (short bunch) →10 ”mesh per wavelength”
(∼ 2 × 109 meshes) → it takes 5 days

For the bunch of σ = 0.4mm → 30 ”mesh per wavelength” (∼ 6 × 1010

meshes) → there is no enough resources to do the simulation
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ECHO3D

How ECHO3D works? (Wakefields calculations)

Code ECHO3D calculates in time domain the electromagnetic fields generated by
an electron bunch passing through arbitrary three dimensional chamber.

The structure can consist of several materials with different permeabilities and
permittivities.

The bunch form is a Gaussian pencil bunch.

Moving mesh (Field monitor of type s-time OR Field monitor of type x-time)

Field monitor of type
s-time

Field monitor of type
x-time
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Wake potential

Collimator original shape (SuperKEKB model, thanks to Takuya Ishibashi )
proposed by Mauro Migliorati

Geometric longitudinal wake potential of a 5 mm Gaussian bunch (ECHO3D

Vs. CST)

(a)

Convolution vs CST (suggested by Mauro

Migliorati)

(b)

Longitudinal wake potential of a distribution
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Dipole Wake Potential

Geometric transverse dipolar wake potential of a 5 mm Gaussian bunch (ECHO3D Vs. CST) and

its convolution

The transverse wake is due to the excitation of dipole modes. These modes are
excited by the dipole momentum of the beam.

(Dx ) (Dy )

(Dx ) (Dy )
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Quadrupole Wake Potential

Geometric transverse quadrupolar wake potential of a 5 mm Gaussian bunch
(ECHO3D Vs. CST) and its convolution

(Qx ) (Qy )

(Qx ) (Qy )
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Collimator optimization

Longitudinal, transverse dipolar and quadrupolar wake potentials of a 5 mm
Gaussian bunch (ECHO3D) for different aperture radii of the collimator (3.5mm,
5mm, 10mm)

Ra [mm] [max,min] WL
∗ [max,min] (WDx )∗∗ [max,min] (WDy )∗∗ [max,min] (WQx )∗∗ [max,min] (WQy )∗∗

3.5 [2.045,-1,623] [0.112,-0.012] [0.224,-0.101] [0.141,-0.014] [0.014,-0.141]

5 [1.587,-1.282] [0.057,0.003] [0.123,0.002] [0.088,0.013] [0.013,-0.088]

10 [0.903,-0.749] [0.027,-0.0028] [0.289,0.014] [0.010,0.002] [0.002,-0.010]

∗ [V/pC]
∗∗[V/pC/mm]
Ra: Aperture radius
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Wake Potential σ = 0.4mm

Echo3d: it takes 4 hours for every simulation.
CST: there is no enough resources to do such simulations for the short bunches

(L) (Dx )

(Dy ) (Qx ) (Qy )
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Collimator optimization

Transverse dipolar wake potentials of a 5 mm Gaussian bunch (ECHO3D) for
different aperture lengthes of the collimator (2mm, 10mm, 100mm)
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Impedance Calculation for the Collimator (CST)

Longitudinal, transverse dipolar and quadrupolar wake potentials and impedances of a
5 mm Gaussian bunch (CST)

(L)

(Dx ) (Dy )

(Qx ) (Qy )
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Confirmation of the CST limitation

Confirmation of the CST limitation for the wake potential and impedance calculation
of a 0.4mm Gaussian bunch (short bunch)

For our case, it needs 30 ”mesh per wavelength” in order to have a convergency in the simulations.

For the bunch of σ = 0.4mm (short bunch) →10 ”mesh per wavelength” (∼ 2 × 109 meshes) → it takes 5 days

For the bunch of σ = 0.4mm → 30 ”mesh per wavelength” → there is no enough resources to do the simulation

Just to give you an idea it took 2 months to obtain the longitudinal and transverse wake potentials in the case of short bunch via
CST (without convergency: 10 mesh per wavelength) and instead it just takes 1 day using ECHO3D.
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Future works

Impedance calculations by FFT method for the Collimator
(from ECHO3D wake potential)

Wake potential calculation of the bellow by ECHO3D

Impedance calculations by FFT method for the Bellow (from
ECHO3D wake potential)

Analytical method to calculate wake potential for short bunch
from long one (Zobov proposal)
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The End

Thanks for your attention
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