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Accelerators as Distributed Systems
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Motivation

• Accelerators are mainly comprised of cooperative 

repeated subsystems (cavity controls, timing, 

magnets, …).

• Performance is achieved by tuning feedforward and 

feedback parameters (gains).

• Interconnection is often only taken into 

consideration during heuristic tuning.

What can we gain by optimizing 

over the full distributed subsystem 

structure?
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Optical Synchronization at the European XFEL
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Treelike Interconnection Topology

• Main Oscillator (MO) timing is distributed optically to end-stations in injector, LINAC and experimental hall (e.g. pump-probe lasers).

• Integrated jitter MO – PPL < 10 fs.

• Tree like interconnection structure with great spatial distance between stations.

• Each node described by Phase-locked-loop (PLL) theory.

• Dozens of decision variables (feedback gains).
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Numerical Optimization Model
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Chained System

• Repeated a typical PLL model as found in the synchronization system      times.

• Optimized feedback gains      for minimized RMS error between last station and reference (    ).

x N
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Numerical Optimization Results

• Investigating proportional feedback gain at each of N stations.

• The more systems are involved, the better the distributed 

approach performs.

• Distributed approach performs overall close to the global optimum.

• Uniform local tuning is clearly suboptimal (main diagonal).

• Better to relax one system and aggressively tune the other.
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Relative to Local Baseline

Suboptimal region

(local uniform tuning)

Cost function for N = 2
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Challenges for Distributed Systems

• We need are looking for optimal feedback parameter matrix.

• Matrix needs to be sparse, as for example feedbacks from 

experimental hall to injector are infeasible.

• This structure constraint makes the optimization problem non-

convex, no efficient numerical solvers available.

• Recent Sparsity Invariance Framework characterizes convex 

approximations of the original problem that has minima close to 

the optimal solution of the original problem.
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Complexity of the Optimization Problem

Measurements
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