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Objective Definition:

Linac lattice optics optimization with suppressing beam-break-up (BBU) instabilities is 
done by tuning quadrupole focusing.

Beta values of the lowest energy pass required to be small and tighter, whereas higher 
pass optics need to preserve mirror symmetric behavior in accelerating and decelerating 
passes in order to rescale isochronous arcs.
Optimization problem requires multiple objectives.

• Three objective functions used to characterize 10-pass linac lattice optics.

• Two constraints defined to control lower pass peak values.

26 quadrupoles + initial Twiss values (4) in the 10- pass beamline are tuned.
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• Adequate population size and generations are required with larger search space.
• Decrease of the search space is possible with the magnetic field variation analysis.
• Limiting the search space, reduces required population size, hence computational time.
• Optics of the resulted lattice settings from EA-MOO search are in good agreement with 

the expected multipass ERL requirements.

Optimized lattice setting for 10-pass NL can be used to design the 10-pass South Linac 
beamline. Rescaling the arcs to match linac optics will be done in OptiM, creating the 10-
pass ER@CEBAF lattice. 
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The beamline design of recirculating linacs requires special attention to avoid beam instabilities due to RF - wakefields. A proposed high-energy, multipass energy
recovery demonstration at CEBAF uses a low beam current. Stronger focusing at lower energies is necessary to avoid beam breakup (BBU) instabilities, even with this
small beam current. The CEBAF linac optics optimization is focused on balancing over-focusing at higher energies and beta excursions at lower energies. Using proper
mathematical expressions, linac optics optimization can be achieved with evolutionary algorithms. Here, we present the optimization process of North Linac optics
using Multi-Objective Optimization.

ABSTRACT

ER@CEBAF is a multipass, multi-GeV energy recovery demonstration
proposed at CEBAF accelerator. This is an extension of the 1-pass energy
recovery demonstration in 2003 (CEBAF-ER), with 5-passes.
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Field variation of 26 quadrupoles of Pareto front individuals were analyzed, to simplify search 
space.

Magnetic Field Variation Analysis:

30-variable search results:
Magnetic field variations in box plots for Pareto front individuals for N=500, gen. no=200

Pareto fronts for three different searches for 30-variables and optics of a best solution from each search

Multipass linac optics consider the beta evaluation for 5-accelerating and 5-decelerating passes through a 
linac. Illustration of a decelerating pass is done by arranging the lattice elements in a reversed order. 
Combining accelerating and decelerating passes without using arcs, is done with zero length matrix (M), 
matching arc end optic conditions.

Manually optimized optics for this 10-pass NL beamline correspond to  600 phase advance FODO like linac.

• Pareto optimal set converges as the generation number increases, while mirror symmetry 
𝜷-variations in higher passes have improved with larger generation number.

• Selection of an optimal solution compromise either the tighter control of the 1st pass or the 
mirror symmetry or higher passes.

• Required humongous computational time limits the use of higher population size & 
generation numbers.
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