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 Motivation
 Evolutionary Algorithms
 Optimization Results

Multivariate Optimization of High Brightness
High Current DC Photoinjector

Ivan Bazarov

Talk Outline:
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ERL Injector

 Goal: provide diffraction-limited beam at beam average current 
similar to storage rings (100 mA), or 0.08 mm-mrad (1 Å)
normalized emittance, 80 pC @ 1.3 GHz in a 5 GeV ERL

750 kV DC Gun

Cathode-Anode Region

2-Cell SRF Cavity
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Emittance ‘compensation’ concept (PRE 55, 7565)

s.c.focusing emittance

Needle beam:
linearize

equilibrium condition for slice

oscillation frequency current independent
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Doing it faster

 work harder
 work smarter
 get help

 processor speed
 algorithms
 parallel processing

Solution: use parallel MOGA

MultiObjective Genetic Algorithm

 throw in all your design variables
 map out whole Pareto front, i.e. obtain 
multiple designs all of which are optimal
 use realistic injector model with your 
favorite space charge code
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Conventional Way to Design an Injector

Cut the number of decision variables to some reasonable 
number (2-4) perhaps by using a simplified theoretical model to 
guide you in this choice

One ends up with a single-point design without capitalizing 
on beneficial trade-offs that are present in the system

Large regions of parameter space remain unexplored

Optimize the injector varying the remaining variables with the 
help of a space-charge code to meet a fixed set of beam 
parameters (e.g. emittance at a certain bunch charge and a 
certain length)

Primary challenge in exploring the full parameter space is computational speed
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MultiObjective Optimization

minimize cost
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Pareto-optimal front
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Multi-Objective Optimization Problem

Vilfredo Pareto, 1848-1923
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MOGA

1. Initialize population

2. Evaluate objective functions / constraints

3. Assign fitness to all individuals (convergence & diversity)

4. Stochastically choose a subset for mating pool (higher fitness being preferred)

5. Apply crossing and mutation operators to generate offspring

6. Evaluate objectives / constraints for the offspring

7. 'Good' solutions make it to the next generation

8. Repeat from step 3.
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Fitness: e.g. NSGA-II

minimize cost
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1st front
2nd front
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Binary Tournament

Pool of
Parents

randomly choose 2 individuals

vs.

higher fitness guy wins

x x
x
x
x

x
x
x
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Cross-over operator: e.g. SBX 

 takes in 2 parents and produces 2 children
 preserves fine structure of data
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Example: Linear Collider

minimize Total Cost
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Example: Linear Collider (contd.)
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Parallel MOGA

Master

Slaves

Genetic operators:
selection, cross-over, etc.

Objectives evaluation

 no need for low-latency broadband network
 wall clock time is very close to that of truly parallel 
configuration, i.e. 1/t = 1/t1 + 1/t2 + … 1/tn
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Injector: Decision Variables

Fields:
DC Gun Voltage (300-900 kV)
2 Solenoids
Buncher
SRF Cavities Gradient (5-13 MV/m)
SRF Cavities Phase

Positions:
2 Solenoids
Buncher
Cryomodule

Bunch & Photocathode:
E

thermal

Charge

Laser Distribution:
Spot size
Pulse duration (10-30 ps rms)
{tail, dip, ellipticity}  2

Total: 22-24 dimensional parameter space to explore
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Injector Performance (E
thermal

 = 35 meV, aka GaAs @ 780 nm)

Takes several 105 simulations
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Closer Look: 80 pC
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Closer Look: 0.8 nC
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Envelopes
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Extremely High Gun Voltage?
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Pulse Shaping: 80 pC
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Pulse Shaping: 0.8 nC
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Thermal Energy of the Photocathode
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Summary

 DC gun based injector can be operable in wide range of parameters 
with good simulated emittances: 0.1 mm-mrad @ 80 pC and 0.7 @ 1 
nC
 Fields required for such performance are modest
 Parallel MOGA is a powerful tool which should and will be widely 
used in the accelerator field
 There are many outstanding issues with regards to tuning injector to 
its maximum performance + merge section to the main accelerator
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