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Outline

• Simulation with Longitudinal Impedance

• Introduction of Analysis work (BB+ZL)

• Simulation with both longitudinal and transverse impedance
• FCCee
• Other Machines  (CEPC/SuperKEKB)

• Initial analysis work (BB+ZT)

• Summary
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Parameters Update
K. Oide, Mar. 17, 2022 @151st FCC-ee Optics Design Meeting 
& 22nd FCCIS WP2.2 Meeting 
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K. Oide, Mar. 17, 2022 @151st FCC-ee Optics Design Meeting 
& 22nd FCCIS WP2.2 Meeting 
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Effect of Chromaticity on X-Z instability

• Non-zero tune chromaticity bring 
new resonance

• In the high order resonance 
region (0.5+n*nus), some 
resonance may be suppressed

Future work：
• Analysis work considering linear 

tune chromaticity
• Simulation work considering 

realistic chromaticity (from lattice
model)
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PWD with Longitudinal Impedance
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Courtesy of Chuntao Lin



Analysis without PWD
• Azimuthal and Radial Mode Expansion:

• Synchrotron-betatron motion of dipole moment vector (𝑥𝑘𝑙 , 𝑝𝑘𝑙) in Arc

• Momentum Kick due to localized Wake force(beam-beam)

• Stability analysis of 
where

PHYSICAL REVIEW ACCELERATORS AND BEAMS 21, 031002 (2018)

For example, 
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Analysis with PWD

• Azimuthal Mode Expansion 

• Synchro-betatron motion in Arc

• Action Discretization

• Momentum Kick due to localized Wake force(beam-beam)

• Stability analysis of 

C. Lin, K. Ohmi and Y. Zhang, PRAB 25, 011001 (2022)

For example, 
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Eigen-Mode Analysis w/o and w/ ZL
𝜈𝑥=0.546, CEPC CDR
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C. Lin, K. Ohmi and Y. Zhang, PRAB 25, 011001 (2022)

w/o ZL w/ ZL 



Frequency Analysis of Single Beam with Transverse Impedance (ZT)

IBB

Courtesy of Mauro Migliorati

PyHEADTAIL (only ZT)

Considering ZL,

the X threshold reduces from 22e10 to 18e10.

Considering ZL,

the Y threshold reduces from 24e10 to 18e10.

Considering ZL,

the X threshold reduces from 22e10 to 18e10.

Considering ZL,

the Y threshold reduces from 30e10 to 20e10.
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Even though the tune shift reduces considering ZL, the instability threshold is lower!

PyHEADTAIL (only ZT)



Collision Stability considering ZT

• no clear effect in stability region considering the present transverse impedance.
• Combined X-Z instability and TMCI instability
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<x> @ Qx=0.544 𝜎𝑥 @ Qx=0.544



Dipople Spectrum@Qx0=0.556/Qy0=0.60 
(stable)
• There does not exist mode coupling in horizontal direction

𝜈𝑥𝜈𝑥 − 𝜈𝑠

𝜈𝑥 − 2𝜈𝑠
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Distribute ZT at 8 positions
• There does not exist any clear difference between 1 kick and 8 

kicks of transverse impedance

It is believed that the difference of equilibrium 𝜎𝑦
does not come from the kick number, but come 
from the model of ring (local RF cavity vs smooth 
ring) 13



If we double ZT,

• There does not exist stable tune area

• It seems the TMCI instead of X-Z instability dominates
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If there exist 2 IPs instead of 4
• There exist large enough stable tune area. The machine still work

• X: combined effect of X-Z instability and TMCI

• Y: TMCI like instability
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What happens at CEPC considering ZT
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Initial Analysis – Smooth Approximation of 
Beam-Beam 

• Both horizontal and vertical Cross Wake force 

is obtained

• Beam-Beam Wake is included in the total ring 

impedance budget

• Conventional TMCI analysis is used:

• Horizontal Threshold reduces from 

22.6e10 to 21.9e10, when BB wake is 

considered

• Vertical Threshold reduces from 22.6e10 

to 15.6e10, when BB wake is considered

Na Wang(IHEP)
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Cross-Wake of Beam-Beam



Intitial Analysis - Local Beam-Beam Model  
Chuntao Li and Na Wang (IHEP)
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• In horizontal direction, considering ZX

• the instability growth rate is faster, 

• unstable tune area increases

• In vertical direction, 

• pure beam-beam is unstable due to ignorance of strong nonlinearity ?

• It is also found enhance of instability when considering ZY



qdzxzyzl/ZL/zxzyzl, scan nuy

𝜈𝑥,0
+ = 0.525Collision versus 𝜈𝑦,0

+

* There exist vertical instability 
except we only consider 
longitudinal wake.
* It does not matter that he local 
transverse is put at IP or D06V1.
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SKEKB LER nuy scan



LER: dipole+quad wake + ZL, HER: ZL
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SKEKB



Summary

• The FCCee (Z) parameters are evolving, and the combined effect of 
beam-beam and impedance has been studied by simulation.

• The simulation results show that stable tune areas can be found for the 
present parameter set with 4 IPs even if both ZL and ZT are taken into 
account.

• However, if the impedance is doubled the stable tunes no longer exist.

• The numerical simulations also indicate that there exists a combined 
instability of X-Z and TMCI in the horizontal direction when the 
transverse impedance is considered.

• The analysis work is underway to study the crosstalk between the two 
transverse instabilities.
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