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MULTIPASS LINAC OPTICS

REFERENCES

EVOLUTIONARY ALGORITHMS
• Inspired by biological evolution, evolutionary algorithms are a popular search

technique which require no derivative information.

• Have computational complexities due to stochastic search nature of the
algorithm.

• Definition of the objectives is the crucial step in problem definitions.

CONCLUSIONS

• Multipass linac optics consider the beta evaluation for 5- accelerating and 5-
decelerating passes through a linac.

• Illustration of 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 (M) matrix.
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OBJECTIVE DEFINITION:

• Lattice optics optimization suppressing beam-break-up (BBU) instabilities is done by 
tuning quadrupole focusing.

• Beta values of lowest energy pass required to be small and tighter, whereas higher 
pass optics need to preserve mirror symmetric behavior in accelerating and 
decelerating passes to rescale isochronous arcs. 

• Three objective functions to characterize lattice optics.

• Each function couples both horizontal and vertical beta-variations.
• Lattice optics optimization becomes a multi-objective optimization as this involve 

minimization of F1 , F2 and F3.

• Two constraints defined to control lower pass peak values.

• Multi objective optimization problem definition follows:
𝑀𝑖𝑛𝑖𝑚𝑖𝑧𝑒! 𝐹 𝑥 = 𝐹" 𝑥 , 𝐹# 𝑥 ,… . . , 𝐹$ 𝑥 %

𝑔& 𝑥 ≤ 0, 𝑗 = 1,2, ……𝑘
ℎ' 𝑥 = 0, 𝑙 = 1,2, … , 𝑒

• Outcome is the ‘Pareto-optimal set’ with non-dominated solutions.

• Ranking algorithm based on non-dominated sorting (NSGA II)[6] using an elitism mechanism.

* Pymoo python framework is used to implement NSGA II optimization and ELEGANT particle tracking code is used to get lattice optics.

• 10 pass beamline was created for CEBAF North Linac.

• Manually optimized optics for this beamline correspond to  
600 phase advance FODO like linac.

• 26 quadrupoles + initial Twiss values in the 10 pass
NL beamline are tuned to obtain best optics required 
for multipass Energy Recovery.

• For N=500, results of two different searches.

• One ‘best’ lattice setting from each search result were chosen and optics are displayed.

• 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.

• Studies on reducing the search space is carried out with the quadrupole field variations on 
the Pareto optimal set. 
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• Population size needs to increase with increase of search space. Decrease of the search 
space is possible with the magnetic field variation analysis.

• 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 is possible using the Twiss values at the linac boundaries for each pass,
then the 10-pass ER@CEBAF lattice will be obtained.

Initialize population

Population 
Evaluation

Crossover

Mutation

Solution found/ 
Reached to a 

maximum 
generation

Termination

𝑠𝑢𝑏𝑗𝑒𝑐𝑡 𝑡𝑜

𝑭𝟏 = 𝐌𝐒𝐄 𝐦𝐨𝐯𝐢𝐧𝐠 𝐚𝐯𝐠. 𝜷𝒙 , 𝐦𝐨𝐯𝐢𝐧𝐠 𝐚𝐯𝐠. 𝜷𝒚

𝑭𝟐 = H
𝒊-𝒙,𝒚

𝟏
𝒏

K
𝒊-𝟏

𝟏𝟎

𝜷𝒊0𝐦𝐚𝐱

𝟏
𝟐

𝑭𝟑 = H
𝒊-𝒙,𝒚

𝟏
𝒏
K
𝒊-𝟐

𝟓

𝜷𝒊0𝐦𝐚𝐱 − 𝜷𝒊6𝟏0𝐦𝐚𝐱

𝟏
𝟐

𝑪𝟏 = 𝜷𝒙0𝐦𝐚𝐱
𝟏𝒔𝒕𝐩𝐚𝐬𝐬 − 𝟔𝟎𝒎 𝑪𝟐 = 𝜷𝒚0𝐦𝐚𝐱

𝟏𝒔𝒕𝐩𝐚𝐬𝐬 − 𝟔𝟎𝒎

𝑰𝒕𝒉 =
𝟐𝒑𝒄

𝒆𝝎𝑸𝑹𝑸

𝟏
|𝑻𝟏𝟐|𝒔𝒊𝒏(𝝎𝑻𝒕𝒓)

𝜷
𝑬
= S

𝜷
𝑬
𝒅𝒔

Beamline optics design for recirculating linear accelerators requires special attention to suppress beam instabilities arising due to collective effects. The impact of these
collective effects become more pronounced with the addition of energy recovery (ER) capability. Jefferson Lab’s multipass, multi-GeV ER proposal for the CEBAF
accelerator, ER@CEBAF, is a 10-pass ER demonstration with low beam current. Tighter control of the beam parameters at lower energies is necessary to avoid beam
break-up instabilities, even with a small beam current. Optics optimizations require balancing both beta excursions at high-energy passes and overfocusing at low-
energy passes. Here, we discuss an optics optimization process for recirculating energy-recovering linacs (ERLs) using multi-objective evolutionary search methods.

ABSTRACT

30-D Search Problem

• ER@CEBAF is an extension of the 1-pass energy
recovery demonstration in 2003 (CEBAF-ER), with 5-
passes.

• A path length chicane and low energy beam dump are
required to set up the energy recovery capability.
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