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Stability with the 56 MHz system

Mike Blaskiewicz   C-AD 

Nathan Towne did the transition work, Ilan Ben-Zvi supervised
Outline:
• Cavity parameters and comparison with existing impedance
• Transition 
• Storage
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Impedance
A single 56 MHz cavity is used
by both beams. 

There are three 197 MHz 
cavities in each ring and four 
shared in the common section.

197 MHz impedance is for one 
cavity. 

Measurements show that the 
HOM frequencies of the 
individual 197 MHz cavities 
drive different  Coupled Bunch 
Modes (CBMs). 
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Transition
for nominal lattice,                    for IBS suppression lattice

protons injected with γ=25.4, above transition. ions with γ=10
RHIC uses a first order transition jump with a full jump size of Δγ=1.
The jump duration is 30 milliseconds which is short compared to the 150 

millisecond synchrotron period.  
A multi-bunch simulation code which includes acceleration and an 

instantaneous jump was written and run by Nathan Towne.
Nine, symmetrically placed bunches were tracked. The narrow band 

impedance was multiplied by 120/9= 13.33 and the broad band 
impedance was unmodified. 

A single ring was tracked (no cross-talk) and beam parameters were 
monitored. 

The intensity threshold for instability was too small to be interesting. 
Net growth during the process was calculable.

2.23=trγ 2.26=trγ
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Simulations with 7 identical storage cavities, 197 MHz

We see emittance growth 
across transition.

This could be part of the 
problem. 
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Nathan scanned the most worrisome mode in detail for the 56 MHz cavity
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All 56 MHz modes together but no 197s.
The 56 MHz cavity is no worse than the 197 MHz cavities.
Conclude that transition should not be an issue.
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Storage
During storage we have the typical situation.
The wide band impedance                      , causes a coherent
frequency shift that negates Landau damping and a small
resistive piece causes growth. 
The growth times are quite long,  of order a second.
Effects from the small number of macroparticles yield growth in 

the simulation code even though it is absent in the continuum 
(or large N) limit.

A frequency domain/Vlasov approach is required.

Ω≈ jnZ 3/
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Basic idea of the new technique
Write down the Vlasov equation for a symmetric fill.
Include an RF kicker driving term 

The small positive part insures causal response and no funny 
business with Van-Kampen like modes. 

Assume                    so that only a single coupled bunch mode is 
driven.   One gets

)]exp([)(ˆ
0 tiinVV pkick εωθδ +Ω+=

0|| ω<<Ω
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Theory, continued

m=1 used almost exclusively
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Tracking versus NYQUIST
Comparison with direct particle 

tracking and low frequency 
impedance yields good 
agreement, as do formulas.

When the broad-band Z/n 
becomes important the 
agreement is OK, shown on 
the right.

The factor of 2 discrepancy 
might be due to different 
truncation of the broad band 
impedance.

More likely is that simulation 
behavior near the threshold 
is funny, linear RF growth 
rate is 4.8/second.
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seven 197s instead of one

The above is without the broad band Z/n.
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Lowest frequency HOMs, broad band Z/n,

rms bunch length is important 

11.0 −= sε



Mike Blaskiewicz MAC 8-9 Jan 2009 13

Threshold  with lowest frequency HOMs
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Worst possible world
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Conclusions

1) Behavior at transition and store were considered.
2) Near transition the 56 MHz cavity will cause no more emittance growth 

than the 197 MHz cavities already do.
3) During store the 56 MHz cavity has no significant impact on the stability 

threshold.
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Backup: Granularity and simulation scaling with N  
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The infinite spike corresponds to the Vlasov mode.
Others are like stochastic cooling modes, but growing instead of damping.
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