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ALS-U Lattice
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ALS today: triple-bend achromat ALS-U: nine-bend achromat with reverse bends

εx ≈  2000 pm-rad at 1.9GeV εx < 70 pm-rad at 2.0GeV
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Linac
(existing)

Booster
(existing)

Advanced Light Source Upgrade (ALS-U)

Overview of ALS-U Accelerator Facility
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ALS-U Accelerator Systems Schedule
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Milestones

Accumulator Ring

Storage Ring

Removal & 
Installation

Commissioning

Design
Procurement / Assemble / Test
Pre-staging Assembly and Acceptance

Design
Procurement / Assemble / Test

Pre-staging Assembly and Acceptance
AR Pre-work and Installation

SR Pre-work
SR Removal

SR/TL Installation
AR Commissioning

SR Commissioning
Transmission to Operations
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Motivation for the development of a toolbox
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• Challenging ALS-U commissioning schedule 
- Tight commissioning schedule  

- Storage Ring: Strong focussing & small aperture 

- Accumulator: Small aperture & minimum diagnostics 

- Standard approach of setting error tolerances does not work 

• Realistic simulation of commissioning process required 
- Realistic error model 

- Efficient trajectory/orbit/linear optics correction strategies 

- Set requirements for lattice correction capabilities 

- Evaluate robustness of lattice and set tolerances for errors 

• Choice of toolbox implementation 
- Commissioning simulation required for two different machines 

- ALS-U will be operated with Matlab Middle Layer (MML) 

- Easy communication between MML and Accelerator Toolbox (AT) 

- AT implementation of ALS-U commissioning allows for experiments  
at current ALS
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Limited accessibility of machine properties
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Operating machine High level controlsPower supplies

Magnetic fields 
Particle trajectories 

Magnet offsets 
…

Limited access!

Setpoints and read back values

Diagnostic 
 devices
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Realistic workflow of toolbox important
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Aux. Structures

Machine state

Auxiliary structures

‣ Diagnostic errors
‣ Injected beam 

trajectory

‣ Current CM limits

‣ Injection pattern

Set CM to setpoint

Set Quad to setpoint

Set Sext to setpoint

Injection pattern

Machine manipulation

Set Quad to setpoint

‣ Compensates bending 
angle difference by 

setting horizontal CM

‣ Checks for CM range 
(clipping) 

PolynomA 
PolynomB

Magnetic fields

Calculate fields

‣ Calibration errors 
of all components

‣ Includes dipole kick 
from bending angle 

(set-point & roll)

Get BPM 
reading

Beam reading

Get BPM reading

‣ Performs tracking 
including aperture

‣ Gets BPM signal 
from ensemble of 

particle trajectories

High level scripts

Get response matrix

Trajectory correction

BBA

RF commissioning

…

High level

‣ High level functions 
use only BPM and 
setpoints as input

‣ High level functions 
write only setpoints

Error model

RING



SC - A Toolbox for Simulated Commissioning of Light Sources // Beam Tests and Commissioning of Low Emittance Storage Rings Workshop // Feb. 19, 2019 // Thorsten Hellert

Large number of error sources included
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• Magnet errors  
– Magnet offset     = 30 µm 
– Raft offset         =  25 µm 
– Plinth offset       = 100 µm 
– Arc offset           = 100 µm 
– Magnet roll         = 0.2 mrad 
– Magnet strength  = 0.1% 

• Diagnostic errors 
– BPM offset          = 500 µm 
– BPM cal. error     = 5% 
– BPM noise (TbT)  = 3 µm 
– BPM noise (CO)    = 1 µm 
– BPM roll              = 0.4 mrad  
– CM cal. error       = 5% 
– CM roll                = 0.4 mrad

• Higher order multipoles 
– Primary components 
– Corrector coils (CM and skew quad) 
– Random errors

• Circumference  
– ΔL   = 2 mm

• Static injection errors 
– Δx   = 500 µm 
– Δx’  = 200 µrad 
– Δy   = 500 µm 
– Δy’  = 200 µrad 
– ∂E   = 0.1 % 

• Injected beam size 
– Δx   = 64 mm 
– Δx’  = 32 µrad 
– Δy   = 8 µm 
– Δy’  = 3 µrad 
– ∂E   = 0.1 %  
– Δt     = 15 ps

• Injection jitter 
– Δx   = 10 µm 
– Δx’  = 6 µrad 
– Δy   = 1 µm 
– Δy’  = 0.5 µrad 
– ∂E   = 0.01 %  
– Δɸ   = 0.1º 

• RF errors 
– Δf  = 0.1 kHz 
– ΔV  = 0.1 % 
– Δϕ = π/2
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High fidelity misalignment model
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• Lateral misalignment model 
typically used in simulations: 
- Transverse magnet offsets 

- Transverse raft offsets 

• ALS-U support system with 
plinths and rafts  
- Adjacent rafts cannot move freely due to 

ground settlement 

• Realistic error model follows 
magnet support system 
- Magnets 

- Rafts & Plinths 

- Entire arcs 

• Allows for realistic long term 
study of ground settlements 

Rafts (Girders)

Magnetsy

S

0

Horizontal analogously



SC - A Toolbox for Simulated Commissioning of Light Sources // Beam Tests and Commissioning of Low Emittance Storage Rings Workshop // Feb. 19, 2019 // Thorsten Hellert

High fidelity misalignment model
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• Lateral misalignment model 
typically used in simulations: 
- Transverse magnet offsets 

- Transverse raft offsets 

• ALS-U support system with 
plinths and rafts  
- Adjacent rafts cannot move freely due to 

ground settlement 

• Realistic error model follows 
magnet support system 
- Magnets 

- Rafts & Plinths 

- Entire arcs 

• Allows for realistic long term 
study of ground settlements 

Rafts (Girders)

Magnets
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High fidelity misalignment model
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High fidelity misalignment model
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• Lateral misalignment model 
typically used in simulations: 
- Transverse magnet offsets 

- Transverse raft offsets 

• ALS-U support system with 
plinths and rafts  
- Adjacent rafts cannot move freely due to 

ground settlement 

• Realistic error model follows 
magnet support system 
- Magnets 

- Rafts & Plinths 

- Entire arcs 

• Allows for realistic long term 
study of ground settlements 

Plinths

Rafts (Girders)

Magnets

∆yMagnet

y

S

0

∆yPlinth
∆yRaft

∆yArc

Horizontal analogously
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Visualization tools
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Corrector Strength

Phase Space

Lattice Layout

LOCO status
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Comprehensive Source Code Documentation
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Asciidoc manual

Code commentaries

ALS-U Technical Nodes

Source control
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Example: correction chain of the ALS-U SR
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1st Turn
Horizontal

Vertical

• Initial transmission 
- Achieve first turn transmission  
- Trajectory correction for multi-turn transmission  

• Improving multi-turn transmission 
- Perform beam based alignment  
- Correct injected trajectory error  

• Closed orbit correction 
- Match injection trajectory  
- Commissioning of RF cavities  
- Synchronous energy correction  

• Achieve beam capture 
- Ramp up sextupoles 
- Trajectory based optics correction 

• Achieve light source KPPs 
- LOCO based optics correction 
- ID closing 
- …



Special Seminar // Oct. 23 2018 // Thorsten Hellert  19

1st Turn 2nd Turn
Horizontal

Vertical

• Initial transmission 
- Achieve first turn transmission  
- Trajectory correction for multi-turn transmission  

• Improving multi-turn transmission 
- Perform beam based alignment  
- Correct injected trajectory error  

• Closed orbit correction 
- Match injection trajectory  
- Commissioning of RF cavities  
- Synchronous energy correction  

• Achieve beam capture 
- Ramp up sextupoles 
- Trajectory based optics correction 

• Achieve light source KPPs 
- LOCO based optics correction 
- ID closing 
- …

Example: correction chain of the ALS-U SR
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1st Turn 2nd Turn
Horizontal

Vertical

• Initial transmission 
- Achieve first turn transmission  
- Trajectory correction for multi-turn transmission  

• Improving multi-turn transmission 
- Perform beam based alignment  
- Correct injected trajectory error  

• Closed orbit correction 
- Match injection trajectory  
- Commissioning of RF cavities  
- Synchronous energy correction  

• Achieve beam capture 
- Ramp up sextupoles 
- Trajectory based optics correction 

• Achieve light source KPPs 
- LOCO based optics correction 
- ID closing 
- …

Example: correction chain of the ALS-U SR
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1st Turn 2nd Turn
Horizontal

Vertical

• Initial transmission 
- Achieve first turn transmission  
- Trajectory correction for multi-turn transmission  

• Improving multi-turn transmission 
- Perform beam based alignment  
- Correct injected trajectory error  

• Closed orbit correction 
- Match injection trajectory  
- Commissioning of RF cavities  
- Synchronous energy correction  

• Achieve beam capture 
- Ramp up sextupoles 
- Trajectory based optics correction 

• Achieve light source KPPs 
- LOCO based optics correction 
- ID closing 
- …

Example: correction chain of the ALS-U SR
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Summary
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• Realistic simulation of commissioning process required 
- Challenging lattice of future light sources 

- Tolerances studies must include commissioning process 

- Simulation must reflect reasonable information flow 

• Development of start-to-end commissioning simulation toolbox 
- High fidelity error model 

- Realistic workflow 

- Comprehensive documentation 

• Effective correction chain established for 2 machines 
- Feedback-like trajectory correction scheme 

- Model independent single pass BBA procedure 

- 6D closed orbit correction 

- LOCO based optics correction 

• Toolbox to be published at IPAC2019 
- Beta-test with other lattices very welcome!
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