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VACI Suite
Behind the scenes

However difficult life may seem, there is always something you can do and succeed at. 

Stephen Hawking
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Introduction
What are collective effects?

• Interactions between particles within a beam 

are generally known as collective effects

1. Incoherent

❖ Space-charge

❖ Scattering

2. Coherent

❖ Wake-fields
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Source of Impedance in the Ring
FCC Rings (old parameters, CDR)

• Beam pipes (Resistive Wall Impedance, ~90.7 km) 

• RF Cavities (No. 48 in a 4-cell array) 

• RF Cavity Tapers (No. 12 double tapers) 

• Synchrotron Radiation Absorbers

• Collimators (No. 8)

• BPMs (No. 8000)

• Bellows (No. 12000)
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Wake-field
Maxwell’s equation
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Resistive wall wake-field
Simple Geometries
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Wolski, A. (2023). Beam Dynamics in High Energy Particle Accelerators 2nd Edition
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Resistive wall wake-field
How to calculate impedance
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Wakefield Impedance

FFT

iFFT
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Resistive wall wake-field
How to calculate impedance
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Wakefield Impedance

FFT

iFFT
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Resistive wall wake-field
How to calculate impedance
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𝑍⊥ = 𝐴 𝑧 + 𝑥1𝑍⊥
𝑑𝑖𝑝

+ 𝑥2𝑍⊥
𝑑𝑒𝑡
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A versatile tool for calculating the RW impedance in arbitrary pipe 

cross-sections
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VACI Suite
Finite Element PDE solver

VACI

Impedance

Wakefield

Wake 
potential

Kick & 
Loss 

Factor

CBI
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Round pipe
Impedance
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MultiLayer Pipes
NEG coating
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Round pipe
Wakefield, Green Function
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Round pipe
WakePotential 𝝈 = 𝟎. 𝟒 𝒎𝒎
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Elliptical pipe
Compare with IW2D and Analytical Formula
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Elliptical pipe
Compare to IW2D and Yokoya’s Code
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FCC Main Ring
• Round pipe with Winglets
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FCC main Ring
Monopolar Impedance
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E      ->  45.6 GeV

Pipe  -> Cu (5.96e7 S/m)

NEG -> 1e6 (S/m)

R      -> 35 mm



DESY. Page 21

FCC main Ring
Dipolar Impedance
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FCC main Ring
Detuning Impedance
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𝑊𝑥 = 𝐴 𝑧 + 𝑥𝑠𝑊𝑥
𝑑𝑖𝑝

+ 𝑥𝑤𝑊𝑥
𝑑𝑒𝑡
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FCC main Ring
Changing Radius
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35 mm 30 mm
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FCC main Ring
Changing Radius
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FCC main Ring
Minimizing Detuning impedance
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-5 mm +5 mm
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FCC main Ring
Minimizing Detuning impedance
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FCC main Ring
Minimizing Detuning impedance
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Best ~ 560 – 570 𝜇𝑚 (each side)
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FCC main Ring
Minimizing Detuning impedance
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Best ~ 560 – 570 𝜇𝑚 (each side)
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FCC Booster Ring
Different Senarios
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FCC Booster Ring
Impedance, Stainless Steel, different radius
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~1kHz ~100 GHz
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Booster Ring
Different senarios
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1. Stainless Steel

4. Copper

2. Stainless Steel +   500 𝜇m Copper

3. Stainless Steel + 1000 𝜇m Copper
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Booster Ring
Different senarios, CBI
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Stainless Steel R = 25 mm Copper R = 25 mm Stainless Steel R = 50 mm 

Parameters Value

Intensity 2.14e11

N Bunch 11200

𝜎𝑧 5.6 mm

𝛼 28.6 e-6

𝑄𝑥 222.2
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Outlooks and Conclusion
A conclusion is the place where you got tired thinking. Martin H. Fischer

• VACI suite is a versatile tool for calculating resistive wall impedance in arbitrary beam pipe cross sections.

• Benchmarked against IW2D, analytical formulas, and Yokoya's code:

➢ Demonstrated accuracy and reliability.

• Calculation of resistive wall impedance for the FCC main ring.

➢ Omitted detuning impedance.

• Capabilities of VACI suite include:

1. Impedance calculation

2. Wakefield analysis

3. Wake potential computation

4. Kick and loss factor calculation

5. Coupled-bunch instability (CBI) analysis

• Results are easily integrated with XSuite.

• VACI suite will be freely available after the publication of my paper. “https://github.com/alirajabi87/VACI”
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