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& Accelerator Software (Requirements)
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Overview

● Goal → long-term project … a Future ?!

● What do we have ? → pre-CDR, a first concept

○ One bare lattice (two, three, four, …, conceptional)

→ initial nonlinear beam dynamics

● What is next / What is going on ?

○ One real technical lattice - A simulated commissioning lattice

→ TDR, tendering, real machine

● Outlook
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Goal Greenfield
2035
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Digital WorkflowsThe Path to the Goal

Roadmap Roadmap Roadmap

Pre-CDR
DOI: 10.5442/r0004

submission & 
positive review
of pre-CDR

CDR/proposal 
submission to 
FIS-Commission

earliest start of 
construction work 
on Adlershof site 

earliest start of full 
user-operation

Courtesy: Markus Sauerborn

Greenfield: “No” limitations of an existing facility
2035: Long project duration
BESSY II/MLS: As testbed for hardware & software

Some Freedom for more lattice design, for more simulated commissioning, 
for a better digital workflow of describing a storage ring (lattice)
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What do we have? BESSY III Requirements & Objectives

1. 1st undulator harmonics 
polarized up to 1 keV
 from conventional APPLE-II

2. Diffraction limited till 1 keV

3. Stay in Berlin-Adlershof

4. Nanometer spatial res. & 
phase space matching

5. PTB/BAM metrology 
applications

Facility parameters Ring parameters
1. Ring Energy 2.5 GeV 

(1.7 GeV)

2. Emittance 100 pm rad
(5 nm rad)

3. Circumference 350 m 
16 straights @ 5.6 m 

( 240 m @ 4 m)

4. Low beta straights & 
round beams

5. Metrology source
Homogenous bends 
Measuring he field at the source point with a NMR 
probe in a volume of 10x10x10 mm

6. Momentum > 1.0e-4
compaction factor

Already at BESSY II, a 3rd 
generation without 
combined function bends

Courtesy: K.Holldack, Z.Hüsges
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Flexibility
WEPOW011, R. Müller,
IPAC2016, Busan, Korea

Low 𝛂 & 
sc or nc VSR

We want more then emittance.
Emittance with 

Stability & Robustness & Flexibility!

Emittance with relaxed 
nonlinear beam dynamics

& 
at least one metrology bend

Stability
Timing modes
Short pulses

Repetition rate

What do we have? Objectives for Lattice Design

Courtesy: Michael Kumrey, PTB
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What do we have?

Bare Lattice(s) (HOA, hybrid not studied yet)

Simulated Commissioning Lattice
Real Technical Lattice  

● Pure fundamental lattice - periodic sector cell: 
Only big beam guiding elements: bends, quads, sexts

● Only two sextupole families (SF, SD) to correct natural 
chromaticy  → start of non-linear dynamics

● Perturbing the periodic sector cell: 
Injection straight & straight ID adaption

● Robustness analysis: Misalignments, SC
Correction Schemes: Orbit Correction (BPMs & Corr.), ..

Courtesy: B.Kuske, J.Bengtsson, M.Abo-Bakr
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What do we have?

Bare Lattice(s) (HOA, hybrid not studied yet)

● Pure fundamental lattice - periodic sector cell: 
Only big beam guiding elements: bends, quads, sexts

● Only two sextupole families (SF, SD) to correct natural 
chromaticy  → start of non-linear dynamics

● Perturbing the periodic sector cell: 
Injection straight & straight ID adaption

● Robustness analysis: Misalignments, SC
Correction Schemes: Orbit Correction (BPMs & Corr.), ..

Software for Accelerator Design
Software for Accelerator 
Realisation/Operation

eleganttracy Bmad

matlab-AT

matlab-SC

pyAT

pySC

matlab-ML pyAML

Simulated Commissioning Lattice
Real Technical Lattice  
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What do we have?

Bare Lattice(s) (HOA, hybrid not studied yet)

● Pure fundamental lattice - periodic sector cell: 
Only big beam guiding elements: bends, quads, sexts

● Only two sextupole families (SF, SD) to correct natural 
chromaticy  → start of non-linear dynamics

● Perturbing the periodic sector cell: 
Injection straight & straight ID adaption

● Robustness analysis: Misalignments, SC
Correction Schemes: Orbit Correction (BPMs & Corr.), ..

Software for Accelerator Design
Software for Accelerator 
Realisation/Operation

eleganttracy mad-x Bmad

matlab-AT

matlab-SC

pyAT

pySC

matlab-ML pyAML

Simulated Commissioning Lattice
Real Technical Lattice  

Very personal statement: 

For me it seems that the process of coming from a

bare lattice     to a     technical lattice

is somewhat broken !

Examples: 
● Robustness analysis - How many lattices break when including misalignments

(J. Bengtsson - Robustness analysis: SLS, NSLS-II, Diamond → RDT) 

● PETRA IV Lattice: First scaled/adapted ESRF-Hybrid 7MBA  
(R. Pantaleo) →  NewHybrid 6MBA 

● SLS2.0 Design process: negative/low alpha
(A. Streun) 

Do we understand non-linear beam dynamics!?
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Bare Lattice
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What do we have?

Bare Lattice(s) 

● Why is OPA so successful? 

● Wiki - Accelerator Codes - 

○ “Only” Single Particle Dynamics

○ But it gives you a unique 
lattice crafting/design experience

Itʼs like crafting a lattice
with your bare hands!

Direct response!
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What do we have?

Bare Lattice(s) Collection  
of ~50 lattices
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What do we have?

Bare Lattice(s) 
Courtesy: F.Andreas

Digital Workflows



P.Goslawski, BESSY III, 2nd Accelerator Middle Layer Workshop, 12.02.2025, HZB, Berlin, Germany 14

Real Lattice
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What is next/going on?

Real Technical Lattice, 
Simulated Commissioning

● IBS estimate… 
with Xsuite & elegant 

● Touschek Lifetime… 
with pyAT, pySC,  …

Courtesy: S.Joly

In progress
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What is next/going on?

Real Technical Lattice, 
Simulated Commissioning

● Orbit correction, 
BPM & corrector
scheme
with pyAT-SC, 
matlab-AT-SC

(elegant, opa)

Courtesy: S.Joly, B.Alberdi, M.Arlandoo

In progress
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What is next/going on?

Real Technical Lattice, 
Simulated Commissioning

● Non-linear setup - optimisation in both planes: 
transversal & longitudinal

● Optimization of non-linear aspects (TSWA, TSWM)

○ Analysis & reduction of resonance driving terms

○ MOGA - multi objective generic optimisation

● Sextupole split up and higher order multipole mags: 
→ chromatic octupoles 
→ harmonic/geometric sextupoles & octupoles
with pyAT-SC, matlabAT-SC, elegant

○ Flood fill algorithm for fast DA calculation
(SLS - J .Kallestrup)
https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.27.094002

○ What are our measures?

Courtesy: B.Kuske, M.Arlandoo

In progress

https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.27.094002
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What is next/going on?

Real Technical Lattice, 
Simulated Commissioning

● SC with matlab-AT-SC (T.Hellert)

● SC with pyAT-SC (L. Malina)

Courtesy: T.Hellert

In progress
with T. Hellert from ALS-U with 

Simulated Commissioning  in 

matlab-AT
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Outlook
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Outlook 

Bare Lattices & Technical Lattice

(pre)CDR
HOA with chromatic 
multipoles only

The show/project must go on: TDR

Real technical lattice, SC, Hardware adaptations, prototyping, etc. 

Bare Lattice Crafting/Design → Tool Development
HOA with harmonic/geometric multipoles
Hybrid Lattice (ESRF-EBS)
Complex Bends (NSLS)
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SAP

Outlook 

Software & BESSY III

CSTPTC Creo (CAD) 
Parametric

SynRad MolFlow+

madx, elegant

mbtarck

pyAT, pySC, pyAML
matlab-AT-SC, mml 
elegant

Epics,
Tango

Ansys Data Managment System
Administration/Project Manag.:
Specification, Reviews, 
PLM (Product Lifecycle Mang.)
Purchase, Finance, Controlling,...Fluka

Digital Workflows
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Thanks for your attention!


