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Existing and possible synergies with light sources on 

performance enabling technologies

I. Agapov, FCCIS workshop Nov 2023
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• Collimation

• Bunch manipulation with dielectric structures
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Light source synergies
• The last decade saw boom in 4th generation light source 

development

• Several facilities are already operational, and the majority of the 

projects are in construction phase or moving there

• Most of the designs are finalized, key technologies in place. By the 

end of this decade all upgrades are expected to be complete.

• Certain techniques are being more aggressively pursued in newer 

projects (e.g. permanent magnets, harmonic cavities)

2015 - first 4th generation light source MAX IV
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Light source synergies

• Within FCCIS, light source community is strongly involved from the beginning

• Common challenges:

• Precise diagnostics

• Optics correction procedures

• Impedance and collective instabilities 

• Collimation

• Wrt. several techniques, differences are noticeable

• IR design and alignment

• Alignment

• Performance evaluation taking beam-beam interaction/beamstrahlung

• Some prominent developments probably cannot be capitalized on, such as PM technologies

• In general, synergies and technologies should be further exploited

• In the following, I present some techniques/development mostly on the example of PETRA (with some 

ESRF-EBS input)



| Technical Advisory Committee Meeting September 2021 | PETRA IV WP 2.01 – Accelerators 

and Storage Ring

PETRA IV: project to upgrade the SR source PETRA III
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Girders

• ‘Bionic girder’ designed and produced as an R&D project

• Work on topology-optimized girder including installation 

constraints, movers, etc. has been completed

• First eigenmode at 42 Hz

• Demonstrator girder ordered Sept 2023

R&D bionic

PETRA IV production

N. Koldrack
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Vibrations: impact of construction site M. Schaumann



Random Girder misalignments of start and end points =  σ = 150 𝜇𝑚 cut at 2σ

Random Magnet misalignments =  σ = 30𝜇𝑚 cut at 2σ

Random BPM offset=  σ = 20 𝜇𝑚

BPM calibration errors =  0.02%Corrector calibration errors =  0.02% 𝜇𝑥 = 1, 𝜇𝑦 = 1

Tikhonov regularization for Girder ORM inverse

DESY. | Technical Advisory Committee Meeting March 2022 | PETRA IV WP 2.08 - Sven Pfeiffer

Reducing corrector strength with girders (PETRAIV sim.)
Sajjad Hussain Mirza
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Random BPM offset=  σ = 20 𝜇𝑚

BPM calibration errors =  0.02%Corrector calibration errors =  0.02% 𝜇𝑥 = 1, 𝜇𝑦 = 1
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Sajjad Hussain Mirza
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Ground motion model for PETRA IV

• Beam dynamics model can include alignment model based on:

• Coordinates of floor segments and expected floor motion (partially based on measurements)

• Model of long-range ground motion

• Random magnet and girder offsets

• For PETRA IV, magnet-to-magnet offsets and extreme floor motion define stability 
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Diagnostics G. Kube
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Diagnostics: focus on BPM resolution

120 mA

G. Kube
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pyAT/pySC

• PETRA IV performance previously evaluated based on the MATLAB 

toolkit version, python version is now in place and being used

ICALEPCS 2023

L. Malina



141414141414I. Agapov FCCIS Workshop Nov 13 – 15, 2023

pyAT/pySC L. Malina, T. Hellert
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pyAT/pySC
• Mostly works, several aspects are work in progress

• Trajectory BBA procedure is a potential cause of failures in approx. 

2% of error seeds. 

• For various performance evaluation tasks, we still use a reduced 

elegant model. Conversion should be implemented

• Not all multipole errors are in place (some effects are complicated, 

such as modelling multi-function magnets with corrector coils)

• Lots of work ahead on common hardware binding (“middle layer”)

L. Malina, T. Hellert
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pyAT/pySC beam tests ongoing

• Automatic first-turn steering tested (MATLAB code)
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AC dipole
• AC excitation-based optics measurement at PETRA III tested

• Issue: BPM mix several turn data. 

• Solution 1: MAF filter (difficult to set up)

• Solution 2: No filter, but fill pattern adjusted (40 bunches in one 

half of the ring)

• Optics measurements done (2022)

• Not in routine operation

L. Malina
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FCC-ee applications of pyAT and tuning tools 

• Standard tools (among others) for performance evaluation for FCC-ee

• See talks Elaf Musa,  and Simone Liuzzo/Michael Hofer on Wednesday

• Note, that light source tuning tools usually do not address optics “in collision”. This functionality 

should be ensured by e.g. integrating with other tools
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Empirical optimization

• Routine approach for SASE-FEL 

optimization

• Recently gaining traction for storage ring 

light sources

• In operation at ESRF-EBS and PETRA

• Maybe possible approach for luminosity 

tuning in colliders?

Thanks to Simone Liuzzo et al.
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LPA injection
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“Reverse flow”: xsuite now used at DESY 

• Several intensive simulations could be sped up

Emittance control with excitation on the tune frequency Resonant extraction from the booster

C. Cortes



242424242424I. Agapov FCCIS Workshop Nov 13 – 15, 2023

“Reverse flow”: BDSIM
• Collimation and beam abort in a 4th generation light source are challenging, since

• Limited beam energy but high density due to small emittance

• For beam lifetime effects (Touschek), collimation challenging due to limited space and relatively 

small dispersion. 100% efficiency can not be achieved

• For beam abort, usual way do dump beam on collimators. Additional sweeper required to blow 

up beam size prior to dump. Material damage possible even for low-Z materials (e.g. Al)

• BDSIM used for energy deposition calculations

L. Malina, S. Strokov

Touschek
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Bunch length manipulation with dielectric structures

• Corrugated structures could be used for bunch 

shortening in electron storage rings

• In a light source, the application could be coherent 

radiation generation. The reach should be increased 

(beyond 100 GHz currently) to for more appeal

• Could we use this technique for collider luminosity 

improvement 
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Conclusion/summary/outlook

• Some work in light source area has been transferred to FCC-ee

• In particular development of optics tuning software and certain optics measurement and correction 

techniques as well as experience in operating machines with high sensitivity to optics errors is an 

important contribution from light source community

• Some FCC developments benefit the light source community (xsuite, bdsim)

• A number of technologies developed at light sources could be additionally considered (LPA, empirical 

optimization, bunch length manipulation with dielectric structures)



THANK YOU
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