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2023 activity: a new 
parameter list (for mid-term 

review)
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Note:
lower single bunch intensity (1.5e11 
with respect to 2.6e11)
longer bunch (5.6 mm with respect to 
4.37 mm) 
lower synchrotron tune (0.029 with 
respect to 0.037)



Longitudinal impedance and wake potential of a 0.4 mm Gaussian 
bunch used as Green function in beam dynamics simulations
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NB: the bunch cutoff frequency for 𝜎! = 14 mm is  
about 3.4 GHz
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Transverse dipolar wake potential of a 0.4 mm Gaussian bunch 
used as Green function in beam dynamics simulations

In beam dynamics simulations we have also included the quadrupolar term (small contribution so far). 
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Main impedance sources

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.

Resistive wall

Contribution of the winglets: a 2D electromagnetic solver 
VACI (A. Rajabi) gives the RW impedance and wake for 
the geometry with the winglets. Very small differences 
have been obtained with respect to the circular beam 
pipe.
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Main impedance sources
beam pipe radius reduction (35 mm → 30 mm)

Since the transverse dipolar wake is 
proportional to 1/𝑏!, passing from 35 to 
30 mm means an increase in impedance 
and wake amplitude of !"

"

!#" = 1.6 → 60%

Reduction of beam pipe radius only in short straight sections (quads and sexts): 
10 km of pipe with 30 mm of radius: 

the total RW passes from '1' to '1.06': an increase in the transverse impedance 
due to RW of 6%, but there are tapers …
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Tapers
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Transverse dipolar vertical wake of a 0.4 mm bunch 
length for a single taper (in) once that the 'potential 
difference' term due to the different radii (which 
disappears for a double taper in-out) is subtracted

If we multiply this by 2 (double taper) and by 1500 (number of 
sections), we have a peak at about 5000 V/pC/m. 

This is about 12.5% of the total transverse dipolar wake that 
we have evaluated so far. Is it possible to reduce this 
geometric impedance?
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Collimation system
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Table of the collimator settings for the Z machine and for the 4 IPs layout. The synchrotron 
collimators and masks upstream the IPs are not included in this table.

beam

For the resistive wall contribution we 
suppose parallel plates with infinite 
thickness and use IW2D for the impedance 
and wakefield evaluation.
𝜎$%&' = 10(	𝑆/𝑚 𝜎$% = 18.7×10(	𝑆/𝑚



Collimation system
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dipolar 
vertical 

impedance

dipolar 
horizontal 

impedance

𝑍(𝜔)
𝛽#,%

< 𝛽#,%> < 𝛽#,%>	=
1
𝐶
.𝛽#,%𝑑𝑠 = 144.1, 241.5	𝑚



Work in progress: geometrical wakefield due to collimators
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Work in progress: geometrical wakefield due to collimators
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Work in progress: geometrical wakefield due to collimators

How to mitigate this geometrical contribution?

We tried to increase of the taper length, but the 
results were not satisfactory as expected.

We are investigating other geometries.
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Main impedance sources
Bellows We’re still using the SuperKEKB model with RF fingers with a total of 8700 bellows: 2900 dipole 

arcs 24 m long with bellows every 12 m plus 2900 quads/sexts arcs. But other geometries are 
under investigation in the vacuum group. 



Single bunch collective effects in the longitudinal plane: 
comparison between old and new parameters
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With beamstrahlung we have 
found that at 1.5e11 ppb:

𝜎) = 13.6 mm (w/o ZL) 
𝜎) = 14.0 mm (w/ ZL)

𝜎* = 9.45e-4 (w/o ZL), 
𝜎* = 9e-4 (w/ ZL)
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Transverse coupled bunch instability and feedback system
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• A bunch-by-bunch feedback system is necessary, in particular in the transverse plane, to 
suppress the TCBI due to the real part of the RW impedance at low frequency. 

• The damping time depends on the fractional part of the tune, however, it should be of the 
order of 1-2 ms, similar to the damping time of SuperKEKB, for example (about 1 ms).

• 2 ms in FCC-ee corresponds to 6-7 turns. We must pay attention to the design of such a 
feedback system.

• A proposal is to use a combination of a bunch-by-bunch and a frequency domain feedback 
system.

• The bunch-by-bunch feedback system is also useful to suppress the single bunch TMCI, 



Single bunch collective effects in the transverse plane: new parameters

no feedback with feedback
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Single bunch collective effects in the transverse plane: new parameters 
and reduced beam pipe (from 35 mm to 30 mm of radius)

no feedback with feedback
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Work in progress: interplay between beam-beam and 
coupling impedance
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2024 activity
• FCC-ee is an ongoing project, and, as we analyse new devices, we find a continuous increase in the total 

machine impedance. On the other hand, the impedance evaluated so far already shows that collective 
effects play an important role in the stability of the machine, and particular efforts must be directed to 
impedance optimization.

• Open questions so far: collimator’s geometry, collective effects with beam-beam with 30 mm vacuum 
chamber. However, also the optics can change (new working point from Pantaleo?).

• Beam instability thresholds and stability regions can change according to the new impedance sources that 
will be gradually added and to new parameter lists. 

• The studies so far show a strong interplay between longitudinal wakefield, transverse wakefield, feedback 
system and beam-beam: each effect cannot be studied independently from the others.

• It is fundamental to have different available tools for counteracting collective effects.
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FTE 2024 in Roma1: M. Migliorati 0.5
Requests 2024:
• Travels: 6 k€ (FCC week in USA, CERN, KEK)
• Software: 12 k€ (CST Microwave Studio)


