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Overview

o Motivation
Why is the FCC project important?
FCC-ee main parameters

o Main impedance sources
Resistive wall, Bellows, Collimators

o Collimators
Why Collimators are so important?
Why do we need numerical simulations?

o How CST works (Wakefield Solver Overview)

Wake fields and impedances calculations

o How ECHO3D works? (Wakefields calculations)
o Wake potential calculations of Collimator (ECHO3D and CST)

o Validation of the results
1- Comparing the results of ECHO3D with CST (long bunch)
2- Convolution method (short bunch)

o Preliminary and updated tables of collimation system

o Total impedance
Longitudinal, transverse dipolar and quadrupolar

o Summary
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FCC-ee main parameters

@ 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.

@ 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.

Layaut PASI-LO
7 WW | ZH t
| Circumfercnce (km) ) 91174117 km )
Beam cncrgy (GeV) 120
| Bunch population (10™7) | 2.04 |

Bunches per beam 4600

RF froquency (MI17)
| RF Voltage (GV) 0.12

Energy loss per turn (GeV) 0.0391

mgitudinal damping tin turns) 1167 217
Momentum compaction factor 107 * g
Torizontal tune/TP
Vertical tun ’
| Synchrotron tune 0.0801
Torizontal emittance (nm) 207
| Verical emittance (pm) 434
TP number 4

| Nominal bunch length (mm) (SI/BS)"
Nominal energy spread (%) (SR/BS)”

Piwinski angle (SR/BS)* 6.35/21.1
/8y 0.004,/0.152 0.014/0.131
Horizontal ° (m) .15 0.3
[ 4% (mm) 0.8 | 1.0
P (107 jem?s) 181 78

SR syncrotron radiation, B39: beamstrahlung
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Main impedance sources

Main impedance sources (so far)

Resistive wall : It is the largest impedance source for FCC-ee evaluated so far. NEG coating is
needed to mitigate the electron cloud build-up in the positron machine and for pumping reasons in
both rings.

Bellows: They represent the second highest impedance source so far. We have used an upper
pessimistic estimate of 20000 bellows

Collimators: Being close to the beam orbit they may introduce large impedance

e |
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Collimators

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

o 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
o Longitudinal wakefields — change the energy distribution and lengthen the bunch

o 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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Collimators

Why do we need numerical simulations?
From Maxwell's equations (equation for the high frequency impedance of tapered transitions)

Am .
(V2+8H—c’28n)E:4n:Vp+?ad (1)
Solution: None

From Maxwell’s equations (equation for the low frequency impedance of tapered transitions)
(V% +9,,)E = 4nVp @)

Solution by Stupakov (by considering the two-dimensional Poisson equations with Dirichlet

boundary conditions):
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Geometry of  round transition.

Collimator model & FCC-ee impedance model



CST

How CST (Wakefield Solver) works? (
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:

/j’ \c(t)zdr:/:\C(w)zdw (5)

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)
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(Field monitor of type s-time )
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(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

550mm

Aperture radius: 3.5 mm

v
|
r—

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

Vs. CST)
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(a)

Convolution vs CST (suggested by Mauro

Migliorati)

(b)
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Dipole Wake Pot

al

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.
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uadrupole Wake Potential

Geometric transverse quadrupolar wake potential of a 5 mm Gaussian bunch
(ECHO3D Vs. CST) and its convolution
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Collimator optimization
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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] W, [ [max,min] (Wp, )™ [ [max,min] (Wp,,) ¥ [ [max,min] (W, )™ [ [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 ) [0.057,0.003] 10.123,0.002] 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
FV/pQ)
< [V/pC/mm]

R,: Aperture radius
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Wake Pot

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

—  ECHOBD, sigma=0.4mm, Aperture radius=3.5mm
10 —  ECHOBD, sigma=0.4mm, Aperture radius=5mm
— ECHOBD, sigma=0.4mm, Aperture radius=10mm
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Collimator optimizat

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

ECHOSD sigmas5mm b=2mm
ST sigma=5mm b=2mm
ECHOSD sigma=5mm b=10mm
ST sigma=5mm b=2mm
ECHOSD sigma=5mm b=100mm 04
CST sigma=5mm b=2mm

Wake (V/pC/mm)
Wake (V/pCimm)
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2
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Collimation sys

Summary of the collimator settings for the Z mode and for the 4 IP layout. The table includes
both betatron and off-momentum collimators. The synchrotron collimators and masks
upstream the IP are not included in the table. The length of these collimators is much longer
than the SuperKEKB model (0.3 - 0.4 m instead of few mm) )

Preliminary table of collimation system
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tal impedance: transverse dipolar

Total impedance: transverse dipolar

— bellows X
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initial table updated table
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tal impedance: transverse quadrupolar
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Wake potential of mm Gaussian bun

Wake potential of 0.4 mm Gaussian bunch
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Summary and future works

o We calculated the wake potential of the FCC collimators
(ECHO3D and CST) and validated the results

o We calculated the total impedance of the machine elements
(longitudinal, transverse dipolar and quadrupolar)

o We will continue the work for the evaluation, reduction and
optimization of the impedances of the main machine elements

(e. g. bellows, collimators system)

o Analytical method to calculate wake potential for short bunch
from long one by using the operation inverse to convolution
(deconvolution method)

Collimator model & FCC-ee impedance model



The End

Thanks for your attention
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