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• Studies are ongoing for a collimation system in the FCC-ee.
• The stored beam energy in the FCC-ee reaches 20.7 MJ,                 

which is comparable to heavy-ion operation at the LHC
• Such beams are highly destructive: a collimation system is required
• The main roles of the collimation system are:

• Protect the equipment from unavoidable losses 
• Reduce the backgrounds in the experiment

• Two types of collimation foreseen for the FCC-ee:
• The beam halo (global) collimation
• Synchrotron Radiation (SR) collimation

• Simulating beam collimation for the FCC-ee presents unique challenges 
and requires dedicated tools

FCC-ee beam halo collimation
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T. Ishibashi et. al. https://doi.org/10.1103/PhysRevAccelBeams.23.053501
Collimator damage in SuperKEKB
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Comparison of lepton colliders

~2 orders of 
magnitude

“You cannot collimate electrons, you can only make them angry”
- Bob Jacobsen

https://doi.org/10.1103/PhysRevAccelBeams.23.053501


• Tracking studies are essential for designing a collimation system

• Effects such as synchrotron radiation and optics tapering make the tracking studies more 
challenging for the FCC-ee

• The requirements for collimation simulation tools are:
• Tracking of beam electrons (and positrons) in the magnetic lattice
• Particle-matter interactions inside the collimators
• Synchrotron radiation and optics tapering
• Aperture modelling and loss recording
• Accurate and efficient tracking over many turns
• Beam-beam effects

• Studied several different simulation tools:
• MAD-X, SixTrack-FLUKA coupling, BDSIM, Merlin++, pyAT, Xtrack
• No established frameworks fit all the requirements
• Implement a coupling between a particle tracking engine and a particle-matter interaction engine 

Beam collimation simulation tools
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*Optics tapering: modulating the magnetic strengths  
around the ring to account for SR energy loss



• pyAT is a promising simulation tool for the FCC-ee https://github.com/atcollab/at

• Python interface to the Acceleator Toolbox (AT) library
• Actively used for studies for light sources, such as ESRF
• Supports full lattice design, optics calculations, particle tracking  
• Recently used and developed for the FCC-ee (F. Carlier, M. Rakic, S. White)

pyAT
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Distribution of 103 particles after 103 turns in MAD-X and pyAT,
ideal FCC-ee Higgs lattice (120 GeV) for 2 IP CDR design with radiation and tapering

https://github.com/atcollab/at


• New tracking tool, part of the Xsuite toolkit https://xsuite.readthedocs.io/en/latest/

• Developed at CERN by R. De Maria and G. Iadarola
• Designed to consolidate a range of studies for different machines in one modern toolkit
• Python on the top level, auto-generated C and extensions for performance-critical tasks
• Multi-platform, compatible with CPU and GPU
• A range of features relevant for the FCC-ee developed under an EPFL-CERN collaborative project

Xtrack
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G. Iadarola https://indico.cern.ch/event/1158218/#2-xsuite-developments
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https://xsuite.readthedocs.io/en/latest/
https://indico.cern.ch/event/1158218/


• Beam Delivery Simulation (BDSIM)  http://www.pp.rhul.ac.uk/bdsim/manual/

• Software package for simulating energy deposition and charged particle backgrounds in accelerator 
beamlines, developed at RHUL

• C++ program, based on the Geant4 library (geometry, materials, physics lists)
• Currently used for SR collimation simulations for the FCC-ee, also used previously for collimation 

studies in the LHC with proton and heavy-ion beams
• Originally designed to simulate entire beamlines, but has flexible and modular features
• Selected as a starting point for a collimator scattering routine for FCC-ee tracking studies

BDSIM

19-10-2022 5A. Abramov | Status of collimation simulations for the FCC-ee

Part of IR7 in the BDSIM LHC model
CLIC PCL intermediate dump 
(R. Bodenstein, IPAC’19 paper)

Exaggerated example of
automatic bend geometry

http://www.pp.rhul.ac.uk/bdsim/manual/
http://accelconf.web.cern.ch/ipac2019/papers/MOPMP038.pdf


Coupling to BDSIM for collimation – general principle
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collimators – Geant4 rest of the lattice – tracking code

• Only collimators in the Geant4 world, with particle transfer mechanisms (like the 
SixTrack-FLUKA coupling)

• Same general workflow, regardless of the tracking code connected:
1. Define all collimators
2. Select a collimator and add particles
3. Run the physical interaction simulation
4. Return eligible particles

• Need to define interfaces for communication between the codes involved

Steps 2 – 4 are repeated for every collimator pass

example lattice section
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• Adapted an existing general interface to BDSIM for collimation (L. Nevay).

• Build upon the existing code and add a Python wrapper
• Dedicated C++ classes for interfacing with tracking codes
• Python bindings via pybind11
• Direct and dynamic communication at runtime

• The result is collimasim – a Python package running BDSIM (Geant4)  
https://gitlab.cern.ch/anabramo/collimasim

Python bindings for BDSIM
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C++ Python

ROOT

Geant4

CLHEP

BDSIM collimasim

pyAT

xtrack

…
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collimators

isolated cells
plane for 
back-transfer
(green disk)

particle interacting

Geant4 model prepared by BDSIM

https://gitlab.cern.ch/anabramo/collimasim


• Lattice model
• Design, matching, tapering, etc. done in MAD-X
• Model exported to the tacking engine (Xtrack, pyAT)

• Aperture model
• Base model comes from MAD-X
• The aperture model is interpolated to a desired precision,         

10 cm, in pre-processing (pyAT) or post-processing (Xtrack)
• Collimation configuration

• Materials and settings for the collimators supplied                  
(the geometry preparation is automatic)

• Physics lists, interaction cuts and other settings given to BDSIM
• Beam generation

• Generated online for simple cases or loaded from file
• Analysis

• Loss maps: normalised distribution of losses around the ring
• Detailed per-particle analysis – loss coordinates, survival

Workflow for FCC-ee collimation tracking studies
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• Collimation setup from FCC week 2021:
• Two-stage betatron collimation system in IRF
• Aperture model from 2021 (M. Moudgalya)
• LHC collimator parameters

• 0.6 m carbon-fibre-composite (CFC) primary collimators
• 1 m CFC secondary collimators

• ttbar mode (182.5 GeV), beam 1 horizontal (positron)                        
1 μm impact parameter, 700 turns

• Synchrotron radiation and optics tapering
1. Compare pyAT-BDSIM and Xtrack-BDSIM to           

SixTrack-FLUKA without radiation and tapering
2. Compare pyAT-BDSIM and Xtrack-BDSIM with: 

• SR damping modelled as an average effect
• Excitation by SR quantum fluctuations

• Modelled as random photon emission in Xtrack
• Modelled using an effective diffusion matrix in pyAT

FCC-ee collimation simulation benchmarking
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Collimator Type Plane Opening [�]

TCP.A.B1 Prim. H 10
TCP.B.B1 Prim. V 80
TCS.B1.B1 Sec. V 89.5
TCS.A1.B1 Sec. H 11.5
TCS.A2.B1 Sec. H 11.5
TCS.B2.B1 Sec. V 89.5
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Collimator settings

Halo collimation system in IRF
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https://indico.cern.ch/event/995850/contributions/4410113/attachments/2272983/3860668/FCC-ee-Aperture-and-collimation-20210629.pdf


• Loss maps without radiation and tapering (CDR layout, parameters in FCC week 2021 talk)

Collimation simulation benchmarking
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SixTrack-FLUKA

Xtrack-BDSIM

pyAT-BDSIM

Full ring IRF
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See IPAC’22 contribution (A. Abramov)

https://indico.cern.ch/event/995850/contributions/4410113/attachments/2272983/3860668/FCC-ee-Aperture-and-collimation-20210629.pdf


• Loss maps with radiation and tapering (CDR layout, parameters in FCC week 2021 talk)

Collimation simulation benchmarking
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pyAT-BDSIM
(damping only)

Xtrack-BDSIM
(damping only)

Xtrack-BDSIM
(quantum fluct.)

Full ring Full ring
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See IPAC’22 contribution (A. Abramov)

https://indico.cern.ch/event/995850/contributions/4410113/attachments/2272983/3860668/FCC-ee-Aperture-and-collimation-20210629.pdf


• FCC-ee presents a challenge for collimation simulations
• Complex beam dynamics – synchrotron radiation, beam-beam effects
• Modelling of particle-matter interactions in the collimators and secondary particle tracking
• This tools and experience developed can be applicable to the ESR of EIC

• The new toolkit, Xsuite, offers further interesting opportunities:
• The coupling with BDSIM for collimation has been tested in a variety of machines:

• FCC-ee – e+/e-; HL-LHC, LHC (G. Broggi), PS (T. Pugnat) – protons
• Unique combinations of studies possible

• e.g. Collimation + beam-beam for the FCC-ee (in collaboration with CERN-BE-ABP/EPFL teams)
• Interfaces to K2 and FLUKA for collimation are under development

• Collaboration between the LHC collimation and FLUKA teams at CERN
• Support for ion beams is foreseen

• Experience with advanced heavy-ion collimation simulations at CERN (talk at EIC workshop 2020)
• New implementations will be benchmarked against simulations and data

Common grounds with the EIC
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https://indico.cern.ch/event/949203/contributions/3989838/attachments/2118997/3565798/Abramov_EIC_102020.pdf


• FCC-ee has a factor 100 higher stored beam energy than present highest (Super-KEKB)
• Beam halo collimation system is required for safe operation
• Tracking simulations are needed to design the beam collimation 

• Developed collimation simulation tools for the FCC-ee
• Xtrack-BDSIM and pyAT-BDSIM
• Benchmarked with and without radiation and optics tapering
• Results from studies for the latest FCC-ee lattice will be presented on Monday 25 October (talk)

• Next steps for the simulation tools:
• Improve the analysis tools and the user interfaces
• Include of beam-beam effects (e.g. Beamstrahlung) on the single-particle dynamics in the

simulation (in collaboration with CERN-BE-ABP/EPFL teams)
• Include support for ions in Xtrack-BDSIM, benchmark with the LHC
• Coupling of Xtrack to K2 and FLUKA (LHC collimation and FLUKA teams at CERN)

Summary
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https://indico.cern.ch/event/1186798/timetable/


Thank you!
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