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Toolkit Design Features
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Limited Accessibility of Machine Parameters

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 Toolkit Important

Aux. Structures

Machine state

Auxiliary structures

‣ Diagnostic errors
‣ Injected beam 

trajectory
‣ 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
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Workflow of Toolkit
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Large Numbers of Error Sources Included

• Diagnostic errors 
– BPM offset          
– BPM cal. error   
– BPM noise (TbT/CO)    
– BPM roll              
– CM cal. error     
– CM roll  
– CM / skew-quad limits    

• Support Structure 
– Rafts, Plinths, Sections  
– Roll & Offsets 
– Pitch & Jaw 

• Circumference 
• Higher Order Multipoles 

– Systematic for arbitrary coil 
excitations 

– Random

• Magnets 
– Offset (x/y/z) 
– Roll, pitch, jaw 
– Strength 
– Calibration 

• RF Errors 
– Phase 
– Frequency 
– Voltage 

• Injection 
– Static 
– Shot-by-shot jitter
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Various Visualisation Tools for Easy R&D
Misalignments

Corrector Strength

Turn-by-turn Phase Space

LOCO Status
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Various Visualisation Tools for Easy R&D

Trajectories/Orbit and BPM ReadingsLattice and Element Registration in Toolkit
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Comprehensive Source Code Documentation
Extensive Code Comments

Version Control

Full ALS-U Examples (PRAB 22/100702)

Online Manual

https://doi.org/10.1103/PhysRevAccelBeams.22.100702
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Easy Accessibility For New Users with Full Example Scripts
PRAB Paper for ALSU-AR PRAB Paper for ALSU-SR (under review)

Toolkit Webpage Git Repository Annotated Scripts
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Toolkit Used for Guiding Design Process at Various Laboratories

NSLS-II (A. Khan)

Elettra 2.0 (S. Dastan)

Diamond-II (D. Amorin)
IPAC’21, MOPAB063

ALBA-II (Z. Marti Diaz)

ALS-U (T. Hellert)

BESSY III (P. Goslawski)

https://sc.lbl.gov 11

SOLEIL Upgrade (O. Garcia)
IPAC’22, MOPOTK004

PETRA IV (T. Hellert)
IPAC’22, TUPOMS018PRAB:22.100702
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T1/T2 R1/R2 PolynomA/B

Parameters for TrackingAT

SC -> ELEGANT Corrected Lattice Converter 

Section/Plinth Offset at 
Girder Mount Location 

Girder Endpoint Offset

Magnet Offset and 
 Roll/Pitch/Jaw

Girder Roll/Pitch/Jaw 
and Offset at Magnet 

Location

Magnet Setpoint(s)

Random Higher Order 
Multipoles

Sys. Higher Order 
Multipoles from various 

coil excitations

Strength and Calibration 
Error

Parameters for Bookkeeping

SC

• AT/elegant  
– SC allows for easy error model- and correction chain setup 
– Elegant allows for more advanced tracking studies than AT 

• Corrected Lattice Converter 
– Set up errors and correction chain with SC 
– Convert final lattice to elegant 
– Perform e.g. collective effects studies 
– Converter now available on SC webpage

M. Venturini et al., ‘Particle dynamics and misaligned lattice elements’, ALS-U Tech-Note
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SC -> ELEGANT Corrected Lattice Converter 

dx/dy/dz tilt/pitch/jaw {Fn}/{Gn}

Parameters for TrackingElegant

Section/Plinth Offset at 
Girder Mount Location 

Girder Endpoint Offset

Magnet Offset and 
 Roll/Pitch/Jaw

Girder Roll/Pitch/Jaw 
and Offset at Magnet 

Location

Magnet Setpoint(s)

Random Higher Order 
Multipoles

Sys. Higher Order 
Multipoles from various 

coil excitations

Strength and Calibration 
Error

Parameters for Bookkeeping

SC

G. Penn et al., MOPAB119, IPAC’21

• AT/elegant  
– SC allows for easy error model- and correction chain setup 
– Elegant allows for more advanced tracking studies than AT 

• Corrected Lattice Converter 
– Set up errors and correction chain with SC 
– Convert final lattice to elegant 
– Perform e.g. collective effects studies 
– Converter now available on SC webpage


