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Parameter list (from CDR)
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Parameter list Z t

Beam energy (GeV) 45.6 182.5

Beam current (mA) 1390 5.4

Bunch population [1011] 1.7 2.3

Mom compaction [10-6] 14.8 7.3

Bunch length [mm](SR/BS) 3.5/12.1 2.0/2.5

Energy spread(SR/BS) [10-3] 0.38/1.32 1.5/1.92

Synchrotron tune 0.025 0.087

Bunches/beam 16640 48

Energy loss/turn (GeV) 0.036 9.2

Longitudinal damping time(SR/BS) [s] 0.415 0.0067

RF frequency (MHz) 400 400 800

RF voltage (GV) 0.1 4 6.9

# cells/cavity 1 4 5

# cavities/beam 52 272 372



Z-pole microwave and TMCI instabilities
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7.2 l on gi t ud i n a l i mpedan ce budget

Figure 7.19: RMS bunch length as a function of the bunch population with (orange

curve) and without (blue curve) beamstrahlung, given by numerical simulations

by considering the impedance contribution of all the machine components.

Figure 7.20: RMSenergy spread as a function of the bunch population with (orange

curve) and without (blue curve) beamstrahlung, given by numerical simulations

by considering the impedance contribution of all the machine components.
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E. Belli PhD thesis

5.3 si n gl e bun ch dyn ami cs

due to the longitudinal RW wakefields given by PyHEADTAIL at different

intensities (see Fig. 5.10), by assuming a Gaussian distribution.

Figure 5.14 shows the real part of the tune shift of the first two radial

modes, with azimuthal number going from -2 to 2, as a function of the

bunch population, in the case of NEG coating with 100 nm and 1000 nm

thicknesses. For both fi lms, the TMCI threshold is a factor of about 2.6

Figure 5.14: Real part of the tune shift of the first coherent oscillation modes

as a function of the bunch population for 100 nm (top) and 1000 nm (bottom)

thicknesses of NEG coating. The curves are obtained with DELPHI code by using

the machine parameters of Table 1 at Z resonance and the bunch length given

by PyHEADTAIL at different intensities. The dashed lines represent the nominal

bunch population.
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TMCI, only RW, 100 nm coating

Total wake, 100 nm coating



Z-pole longitudinal microwave instability
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• The thresholds at Z pole without BS are 2.5x1011 ppb for microwave 

instability and 4.2x1011 ppb for TMCI, but with BS they are much higher.

• For ttbar the total impedance becomes larger due to the RF system: what 

are the new instability thresholds?

• Moreover, the bunch length at ttbar will not be much affected by BS. 

E. Belli PhD thesis
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Some scaling considerations: 

microwave instability
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Some scaling considerations: TMCI
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RF system for ttbar
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ABCI 400 MHz system ABCI 800 MHz system

2 mm bunch length

The wake potentials are 

similar to that of a 

cavity with attached 

tubes at high 

frequencies described 

by an impedance of the 

kind:

𝑍 𝜔 =
1 − 𝑗sign 𝜔

𝜔
𝑍𝑐

2 mm bunch length



Total wake potential of 2.4 mm bunch
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Double harmonic system and synchronous phase
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E loss (SR)/e

400 MHz

800 MHz

Synchronous phase

[V
]

𝑉𝑡𝑜𝑡 = 𝑉1 sin ℎ 𝜔0𝑡 + 𝑉2 sin 2ℎ𝜔0𝑡 − 𝜙𝑜𝑓𝑓

𝑄𝑠 =
𝑒ℎ𝛼𝑐
2𝜋𝐸0

𝑉1 cos𝜙𝑠 + 2𝑉2 cos 2𝜙𝑠 − 𝜙𝑜𝑓𝑓

𝑉𝑡𝑜𝑡 𝜙𝑠 = 𝐸𝑙𝑜𝑠𝑠/𝑒

𝜙𝑜𝑓𝑓 ≃ 40°



Induced voltage at ttbar for 2.3x1011 ppb
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There is no 

evident 

deformation 

from 

Gaussian 

shape, just a 

small 

displacement 

due to energy 

losses



Induced voltage at Z-pole for 2.3x1011 ppb
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Longitudinal beam dynamics simulations at ttbar
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Preliminary results

Nominal intensity Nominal intensity



Transverse impedance
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TMCI threshold
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DELPHI code, only RW



TMCI threshold
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DELPHI code, RW + RF system



Conclusions
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• Despite the large number of cavities the TMCI and 

the microwave instability do not seem to be 

dangerous for the FCC-ee at the ttbar energy.

• This becomes evident from:

– The intuitive picture of the RF voltage perturbation by the

wake potential

– The scaling of Boussard criterion

– The numerical simulations

– A much stronger radiation damping
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for your attention


