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FCCee and SuperKEKB Share Some Common Features
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Nano-Beam Used to Avoid Hourglass Effect for Large Luminosity

• In order to minimize the hourglass effect, beta at IP should be greater than bunch length.

• This can be achieved using large crossing angle.

• Smaller effective bunch length results in smaller beta at IP and nano-beam.



Crab Waist Scheme Used to Mitigate the Adverse Effects from Large-Angle Collision 

Courtesy of M. Zobov



SuperKEKB Operation Status



Specific Luminosity vs. Current Products w. and w/o Crab Waist

• Simulation shows significantly higher luminosity than the measurements
Courtesy of Y. Funakoshi

Strong-Strong Beam-Beam simulation (D. Zhou)



Modelling the Beam-Beam Effects Using a Parallel Colliding Beam 

Simulation Code: BeamBeam3D

• Multiple-slice model for finite bunch length

• New algorithm -- shifted Green function -- efficiently 

models long-range collisions  

• Parallel particle-field based decomposition to achieve 

perfect load balance

• Lorentz boost to handle crossing angle

• Arbitrary closed-orbit separation

• Multiple bunches, multiple collision points

• Linear transfer matrix + one turn chromaticity  or 

nonlinear model

• Conducting wire, crab cavity, e-lens compensation 

model, crab waist

• Feedback model

• Impedance model

• Bremsstrahlung model

Some key features of the BeamBeam3D
https://github.com/beam-beam/BeamBeam3D



BeamBeam3D Simulation Reproduced RHIC BFT Measurement Data

S. White, M. Blaskiewicz, W. Fischer, Y. Luo, “Coherent beam-beam experiments and implications for head-on compensation”, CERN-2014-004.

measurements

simulations



Synchrobetatron Modes from BeamBeam3D Simulations, Matrix 

Model, and Experiment Data Show Good Agreement

E. G. Stern, J. F. Amundson, P. G. Spentzouris, and A. A. Valishev, Phys. Rev. ST Accel. Beams 13, 024401 (2010).



Courtesy of H. Sugimoto

Parameters Used for SuperKEKB Beam-Beam Simulations



Numerical Convergence Check: 40 Slices vs. 80 Slices

(1M macroparticle/beam, 128x64 transverse grid)

Luminosity Evolution

Horizontal RMS Size Evolution
Verticall RMS Size Evolution

• It looks like 40 slices is sufficient



with CW

no CW

BeamBeam3D simulation

Specific Luminosity vs. Current Products w. and w/o Crab Waist

• Simulation results fall within measurements with low current products, 

but above measurements with high current products.

• Difference between with CW or without CW is not very large.
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Specific Luminosity Evolution with Several Current Products

• Luminosity oscillation observed with current product beyond 0.6 mA^2.



Evolution of Luminosity with 0.7 mA^2 Current Products

w.  and w/o crab waist, & no crossing angle

• Crab waist does not affect the luminosity oscillation

• No crossing angle suppresses the oscillation
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<XZ> Evolution with Three Current Products

• <xz> shows instability for larger current products



Evolution of Both Beams Horizontal and Vertical RMS Sizes 

with 0.7 mA^2 current products

Horizontal RMS Size Vertical RMS Size

• Luminosity oscillation is due to RMS size oscillation



Evolution of Horizontal and Longitudinal RMS Sizes with 0.7 mA^2 Current Products

electron beam positron beam

• Synchrobetatron resonance is excited between horizontal and longitudinal envelope motion

turn turn



turn

L
s
p
/c

m
2
/s

/m
A

2
(1

0
3
1
)

Specific Luminosity Evolution with Two Current Products

(0.7 and 0.8)

• Coherent luminosity oscillation could be damped out for longer simulation.

turn
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Specific Luminosity Evolution with Several Current Products 

and New LER Tune (0.53, 0.589)



Specific Luminosity vs. Current Products w. and w/o Crab Waist with LER Tunes 

(0.53,0.589)

with CW

no CW

BeamBeam3D simulation

• Simulation results over predict the specific luminosity with new tune working point



Preliminary Strong-Strong Beam-Beam Simulation of FCCee Z mode (2 IPs)

with and without Crab Waist

• Less than 10% luminosity degradation is seen from simulations.

• The effects of crab waist is weak.

Tunes (0.26,0.38,0.025)



• BeamBeam3D simulation results can reproduce some 
measurements at lower current products.

• High current products over predict the specific luminosity and show 
coherent oscillation due to synchrobetatron coupling resonance.

• Moving the LER horizontal fraction tune from 0.525 to 0.53 avoids 
the coupling resonance and luminosity oscillation, but results in 
higher specific luminosity than measurements.

• Preliminary simulation of FCCee Z mode shows less than 10% 
luminosity degradation and the effect of crab waist is weak.
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Summary
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• Understand the discrepancies between the BeamBeam3D simulation 
results and the KEK simulations.

• Include other physical effects such as machine impedance, machine 
nonlinearity and imperfection to the current beam-beam simulation for the 
benchmark.

• Systematically benchmark simulations with measurements using updated 
experimental parameters.

• Compare the self-consistent strong-strong and soft-Gaussian strong-strong 
for the X-Z instability in the FCCee Z mode.

• Modernize the BeamBeam3D with GPU based codes WarpX/ImpactX.

Future Work
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