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SuperKEKB collimation Takuya Ishibashi 



FCC-ee main parameters
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Lowest beam energy: highest 
beam current, lowest emittances, 

and longest damping times
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Overview of wakefields and coupling impedances
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Main bending magnet; the outline of vacuum chambers 
with side winglets is also shown. 

Cross-section of the main 
quadrupole, for a 10 T/m gradient. 

Beam pipe cross section

3D model of the FCC-ee vacuum chamber
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Overview of wakefields and coupling impedances
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RW is a dominant source of wakefield and coupling impedance.
For its evaluation we considered a circular beam pipe (ignoring the winglets).

A coating is required to suppress the e-cloud in the positron ring and/or for
pumping needs in both rings.
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Overview of wakefields and coupling impedances
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1. The real part of the impedance does not depend on the coating (no power
losses due to the coating).

2. The imaginary part has an additional term linear with the coating thickness.

𝑍! 𝜔
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These results have 
been confirmed by the 
code IW2D, developed 
at CERN, which 
evaluates the wakes 
and impedances of a 
generic multilayer 
circular (or flat) vacuum 
chamber.



Overview of wakefields and coupling impedances
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Y. Suetsugu, Japan-Italy Collaboration 
Meeting "Crab Factories” 2008 (INFN-LNF) RF fingers

A comment on the number of bellows:
• 2900 dipole arcs 24 m long. We consider 

bellows every 8 m → 2900*3=8700
• 2900 quads/sextupoles arcs
total of 11600 bellows plus:
• RF, injection system, collimators, …

As a pessimistic estimation we have 
considered 20000 bellows



Overview of wakefields and coupling impedances
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The wake fields and impedance have been evaluated for some
important vacuum chamber components
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52 RF cavities

13 double 
RF tapers

Tapers: transition from radius a = 50 mm outside the cryomodule 
to radius b = 150 mm inside the cryomodule (or vice-versa).
We assumed g = 0.5 m 



Overview of wakefields and coupling impedances
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4000 
BPMs
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Overview of wakefields and coupling impedances
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Some comments on the impedance budget and 
collective effects

• FCC-ee is still an ongoing project, and as we evaluate new devices, 
the total machine impedance increases more and more

• We are still missing several important devices, such as the 
collimation system, vacuum flanges, …

• On the other hand, the impedance evaluated so far already 
demonstrates how this machine can become critical due to collective 
effects (see next talks)

• The instabilities shown in the following talks will change based on the 
new impedance contributions that will gradually be added, but they 
suggest that we need to look for possible mitigation solutions.
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Single beam instabilities
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Transverse Coupled Bunch Instability (TCBI)
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The most dangerous mode is that closest 
to the origin (with negative frequency)

Its growth time is about 7 revolution turns

A robust feedback is required for the 
instability suppression!
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Parameter list comparison: Z-pole and booster 
(injection)
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parameter Z Booster
Beam energy (GeV) 45.6 20

Bunch population [1011] 1.7 .213

Energy spread(SR/BS) [10-3] 0.38/1.32 .166

Energy loss/turn (MeV) 36.0 1.33

RF frequency (MHz) 400 400

RF voltage (MV) 100 60

Arc optics 60°ph adv 90°ph adv
Mom compaction [10-6] 14.8 14.8 7.27

Synchrotron tune 0.025 0.030 0.021

Bunch length [mm](SR/BS) 3.5/12.1 1.26 0.88



RW impedance in the Booster

• The main source of impedance for FCC-ee is the RW due to a copper beam pipe of 35 mm 
of radius

• For the booster the beam pipe is 25 mm and it is made of stainless steel
• The resistivity of stainless steel is 40 times larger than that of copper at room temperature.
• The longitudinal impedance is proportional to 𝑟&%, and the transverse one to 𝑟&# → for the 

booster we have a larger factor of 1.4 and 2.7 respectively.
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FCCee-Booster Beam Dynamics Studies
1) Simulated parameters

Parameters Value

Machine circumference (𝐂𝐫) 97.756 km

Beam energy at injection (𝐄𝟎) 20 GeV

SR 1 𝛔 rel. energy spread 
(𝛔𝒅𝑬𝟎,𝐫)

0.166×𝟏𝟎&𝟑

SR energy loss per turn (𝐔𝟎) 1.33 MeV

SR damping time (𝛕𝐳) 15013 turns

RF frequency (𝐟𝐫𝐟) 400 MHz

Harmonic number (𝐡) 130432

RF voltage (𝐕𝐫𝐟) 60 MV

Arc phase advance (𝛗𝐚) 60°

Mom. compaction factor (𝛂𝐜) 1.48×𝟏𝟎&𝟓

Synchrotron tune (𝐐𝐬) 0.0304

SR 1 𝛔 bunch length (𝛔𝒛𝟎) 1.26 mm

2) RW-impedance evaluation with IW2D adding a 
copper layer to beam-pipe

3) BLonD longitudinal beam    
dynamics simulations 

4) BLonD simulations using 1 𝛍𝐦
copper-layer increasing SR power-loss

5) DELPHI shows no presence of TMCI at 𝑵𝐛𝐧𝐨𝐦 when 𝑼𝟎 = 4 MeV. 

01/07/2021



RW Transverse coupled bunch instability 
60º optics
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For the booster, due to the stainless steel, the peak of the impedance at low frequency is
larger with respect to copper, and, differently from the Z pole, a variation of the fractional part
of the tune affects only slightly the growth rate. The rise time is in the order of few turns.

Z pole: real part of the RW impedance
for a copper beam pipe of 35 mm.

Booster: real part of the RW impedance for a
stainless steel beam pipe of 25 mm.



Challenges and future plan
• Continue the evaluation of impedance and wakefield of other machine 

devices (collimators, …) 
• Update of some impedance sources with more realistic models (bellows –

C. Antuono talk, RW, …) 
• We are working on an impedance repository (see E. Carideo talk)
• Evaluate the transverse wakefields and impedances and perform 

PyHEADAIL simulations (only RW for the moment, see E. Carideo talk)
• Continue to investigate the interaction between beamstrahlung and 

longitudinal coupling impedance (see Y. Zhang talk)
• Continue to investigate possible mitigation techniques (higher harmonic 

cavities, higher momentum compaction, chromaticity, …)
• electron could, including the multi-bunch effects, ion instabilities
• Impedance evaluation, repository, and collective effects in the Booster
• Necessity of a feedback system for coupled bunch instabilities (in 

particular, for the transverse plane, also in the Booster)
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