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Bunching Methods

Project focuses on modeling longitudinal beam dynamics in AGS parameters:
the AGS to study how RF systems compress a proton bunch to * Momentum Compaction: ~0.014
a target of 2ns RMS before extraction  Harmonic number:h=6

* Maximum Voltage: 320 kV

Git: https://github.com/rbeckwith1/bnl-beam-simulation  Emittance: 1.35 eV*ns (updated value)

Simulations using general reference values:
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Optimization

Optimized the non-adiabatic, quad pumping, and unstable fixed
point methods

Minimum of each method:

* Non adiabatic: 1.97 ns RMS

Re-ran optimizations with the updated longitudinal emittance: * Quad pumping: 2.40 ns RMS

only the non-adiabatic method achieved <2 ns RMS
* Unstable fixed-point: 2.29 ns RMS

feasibility of the required RF voltage/phase changes has not yet
been established
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Longitudinal Stability

* Current assumed emittance does not achieve the <2 ns RMS compression target.

* |Investigating whether lower longitudinal emittance can enable further compression
while maintaining beam stability.

* Using the Keil-Schnell-Boussard criterion to estimate the longitudinal impedance
threshold throughout compression
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e Currently verifying calculation and against given code
e Next: scan initial emittance to determine how far emittance can be reduced while maintaining stability margin



Refining Initial Bunch Distribution

* |Initial simulations assumed a uniformly filled elliptical distribution

* AGS oscilloscope traces of the longitudinal bunch profile, I(t)
* Currently extracting quantitative I(t) data from the oscilloscope images
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Fitting the measured profile with elliptical
distributions of varying shape parameter J




BNL Summer Program Poster Symposium
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Muon Collider Applications
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Conclusion and Next Steps

Current Model:

* Implements four bunch-compression strategies (non-adiabatic, adiabatic, quad pumping, unstable fixed
point) with turn-by-turn phase-space tracking, acceleration, and voltage-ramp control

Currently Working on:

* Evaluating microwave-instability limits to determine the minimum practical longitudinal emittance for
compression

* Extracting and fitting measured AGS bunch profiles to refine the initial particle distribution

Next Steps:

* Scan longitudinal emittance to identify the best compression achievable within stability limits
« Compare compression using measured vs. idealized initial distributions

* Re-optimize compression methods incorporating realistic AGS machine constraints

* Benchmark tracking against BLonD to validate simulation accuracy
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