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FCCIS WP2 workshop 29 Nov – 6 Dec 2021  
and FCC ABP Day 2 Dec 2021
- summaries and highlights 

Ilya Agapov, DESY
Michael Hofer, CERN

Tor Raubenheimer, SLAC
Frank Zimmermann, CERN



FCCIS WP2 workshop program – week 1
Monday 29 Nov 2021 Overview, Parameters, Optics and correction¶ Chairs: Angeles Faus-Golfe, Michael 

Hofer, Frank Zimmermann 

9h00-9h25 Welcome, Overview, and FCC-ee Parameter 
Choices

Frank Zimmermann

9h25-9h30 Workshop information and logistics Michael Hofer 

9h30-10h00 Parameter optimisation at different working point Dmitry Shatilov

10h15-10h45 Status of the FCC-ee optics and next step Katsunobu Oide

10h45-11h15 Optics correction Tessa Charles

Tuesday 30 Nov 2021 Code development Chairs: Tatiana Pieloni, Gianni 
Iadarola

9h00-9h20 Optics repository Ghislain Roy

9h20-9h40 MAD-X/PTC development and plans Riccardo De Maria

9h40-10h00 Code comparison and lattice models Leon van Riesen-Haupt

10h15-10h45 FCC-ee software framework Felix Carlier

10h45-11h15 XSuite Gianni Iadarola

https://indico.cern.ch/event/1085318/timetable/#2-optics-and-correction


Thu 2 Dec 2021 FCC-ee Accelerators and Beam Physics Day
https://indico.cern.ch/event/1090005/

Chairs: Edda Gschwendtner, 
Yannis Papaphilippou

Friday 3 Dec 2021 MDI Chair: Manuela Boscolo

9h00-9h20 MDI status and plans Manuela Boscolo

9h20-9h40 Mechanical Model Francesco Fransesini

9h40-10h00 CAD integration Luigi Pellegrino

10h15-10h35 Alignment system in the IR/MDI Leonard Watrelot

10h35-10h55 Vibration tolerance for IP and arc, feedback performance criteria Katsunobu Oide

10h55-11h15 MAD-X simulations of vibration in the MDI Eva Montbarbon

11h15-11h35 Strategy for Vibration suppression:mechanics & control aspects Laurent Brunetti

13h30-14h00 Low angle radiative Bhaba monitor Alain Blondel

14h00-14h30 CCT magnet design (followed by CCT Q1 magnet tour) Mike Koratzinos

Wed 1 Dec 2021 Collimation, Beam-Beam Chair: Xavier Buffat

9h00-9h30 Layout and optics for a collimation insertion Michael Hofer

9h30-10h00 Status of collimation simulations for the FCC-ee Andrey Abramov

10h15-10h45 Beam-beam Peter Kicsiny 

10h45-11h15 Beam-beam studies using Lifetrack Dmitry Shatilov

11h15-11h45 MAD-NG developments for FCC-ee Laurent Deniau

https://indico.cern.ch/event/1090005/


FCCIS WP2 workshop program – week 2
Monday 6 Dec 2021 Optics Correction (part 2), and Beam Measurements Chair: Rogelio Tomas

9h00-9h30 Beam stabilisation and optics correction for PETRA IV Ilya Agapov

9h30-10h00 Optics corrections & experience at ESRF-EBS Simone Liuzzo

10h15-10h45 Optics Measurements at SuperKEKB Jacqueline Keintzel

10h15-10h45 LHC Optics Corrections Tobias Persson

Afternoon: SC tours (2 pm and 4 pm)

Tuesday 7 Dec 2021 Optics Booster, injection Chair: Masamitsu Aiba, Michael 
Hofer

9h00-9h30 Pre-Booster Ozgur Etisken

9h30-10h00 High-Energy Booster Antoine Chance, Barbara Dalena, 
Herve De Grandsaignes

10h15-10h45 Injection and Extraction in the collider Rebecca Louise Ramjiawan

10h15-10h45 Tracking studies in the collider ring Patrick Hunchak

10h45-11h05 Design studies for the FCC-ee beam dump Alexander Krainer



Wed 8 Dec 2021 Collective effects Chair: Mauro Migliorati 

9h00-9h30 Impedance models and single-beam instabilities-
Overview

Mauro Migliorati

9h30-10h00 Impedance model & TMCI threshold  Emanuela Carideo

10h30-11h00 Impedance of bellows and flanges Chiara Antunono

11h00-11h30 Modelling of the FCC resistive wall impedance Ali Rajabi

15h00-15h30 Electron cloud in the arcs Fatih Yaman

15h30-16h00 Electron cloud in the arc quadrupoles Damian Ayim 

Thu 9 Dec 2021 Vacuum, Radiation Environment, Polarisation Chair: Tor Raubenheimer

9h00-9h30 FCC-ee vacuum system & pressure forecast Roberto Kersevan

9h30-10h00 Energy deposition & radiation levels in the arcs Barbara Humann

10h15-10h45 Polarisation and precision energy calibration, 
overview and plans

Alain Blondel

Fri 10 Dec 2021 Closing Chair: Ilya Agapov

9h00-11h00 Summary and close out Ilya Agapov, Tor Raubenheimer, Frank Zimmermann

FCCIS WP2 workshop program – week 2 cont’d



“incredible 
organization”
(I. Agapov)

essential for 
young 
researchers

Michael Hofer

participation per day in person and on zoom



+ many satellite meetings 
and follow-up meetings
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29 Nov 2021

Overview,
Parameters,
and
Optics



Frank Zimmermann



Dmitry Shatilov
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Wednesday 
1 Dec 2021

Collimation,
Beam-beam,
and
MAD-NG



Michael Hofer

Collimation and machine protection
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• With new layout, switch to long and short 90/90 optics

– For Z mode, 𝜀𝑥 increased from 0.27 nm to 0.71 nm

– Minimum beam stay clear found in new layout: 𝑍 : 23 𝝈𝒙 at QC1 (final focus quadrupole)

𝑡 ҧ𝑡: 17 𝝈𝒙 at BWL

Beam stay clear in new layout

Z operation mode 𝑡 ҧ𝑡 operation mode

Michael Hofer
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• Based on preliminary lattice for new layout, 
a 4IP compatible layout was developed

– With only one 2.1 km long straight section available,
may serve as 
combined β– and momentum collimation 

– Beam crossing at the center of insertion

– With different arc optics 
between Z and 𝑡 ҧ𝑡 operation modes,
no common solution found 

Potential layout and collimation optics for 4IP

Michael Hofer



Code 6D 

symplectic

tracking

Synchrotron 

radiation

Tapering

(lattice)

Geant4 

integration

FLUKA 

integration

Speed Aperture 

modelling

MAD-X

SixTrack

BDSIM

Merlin++

pyAT

xTrack

Not available Partial availability Available

★

★

★ = in development

★

Collimation simulations

collimators – Geant4 rest of the lattice – tracking code

example lattice section

Andrey Abramov



Loss map comparison Andrey Abramov



Peter Kicsiny
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Dmitry Shatilov



Dmitry Shatilov



Dmitry Shatilov



MAD-NG schematic layout

Laurent Deniau



MAD-NG ecosystem

Laurent Deniau



MAD-NG sequence plot (LHC 1 & 2 survey)

Laurent Deniau



MAD-NG track in “depth”: user-defined extensions

Laurent Deniau



MAD-NG status and plan

Laurent Deniau



FCCIS ABP Day 2 December 2021
Early morning Session 1 Chair: Edda Gschwendtner

8h30-8h40 Welcome and Goals of the ABP Day Yannis Papaphilippou, Frank Zimmermann

8h40-9h00 FCC Accelerator Pillar - Plan and milestones Tor Raubenheimer

9h00-9h20 ee Collider Design - Open points Katsunobu Oide

9h20-9h40 Booster Design - Open points Antoine Chance, Barbara Dalena

9h40-10h00 FCC-hh Design - Open points Massimo Giovannozzi

10h00-10h20 Collimation for ee and hh - Open points Andrey Abramov

10h20-10h40 Collective Effects – Open points Mauro Migliorati

Late morning Session 2 Chair:  Yannis Papaphilippou

11h00-11h20 MDI – Open points Manuela Boscolo

11h20-11h40 Pre-injector Complex – Open points Mattia Schaer, Paolo Craievich

11h40-12h00 Energy Calibration - Open points Alain Blondel

12h00-12h20 Code Development Tatiana Pieloni, Felix Carlier

12h20-12h40 Other open points Frank Zimmermann

12h40-13h00 FCC FS - Motivations, Goals, Timeline, Organisation, etc. Michael Benedikt, Frank Zimmermann
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Katsunobu Oide
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Katsunobu Oide



Nominal case: 
Z operation with I2 x 8

Injection parameters:

• 20 GeV

• Normalized emittance: 10 to 50 µm

• Energy spread: 0.05% to 0.5%

I2 and I5 are multiplied by 8.

With I2 and I5 multiplied by 8, we get values below the target.

But we increase the radiated power: needs to find a good tradeoff and we have 

to optimize the cycling time for Z operation. 
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Antoine Chance
Barbara Dalena
Herve de Grandsaignes

Choice of the injection energy
• Experience from CEPC 

dipole prototypes 
shows some 
discrepancy between 
simulations and 
prototypes for the field 
quality and field 
reproducibility.

• What is the minimum 
dipole field to get field 
reproducibility?

• Impact: dynamic 
aperture, optics 
correction.



Layout optimisation of high-luminosity 

insertions 

F. Zimmermann • CDR

• FCC-hh footprint compatible with 

FCC-ee injector

• Implementation of an improved layout 

with FCC-ee and FCC-hh IPs with 

same transverse positions

• Advantages
• Size of detector cavern reduced

• Possibility to re-use FCC-ee detector 

for FCC-hh

• Tunnel width reduced over 2 x 500 m
T. Risselada

(m)

(m
)

Massimo Giovannozzi
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Andrey Abramov
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Andrey Abramov



Mauro Migliorati
Emanuela Carideo
Chiara Antuono



Mauro Migliorati
Yuan Zhang



Mauro Migliorati
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Manuela Boscolo



Positron Source (WP3)

Page 56

From different presentations (I. Chaikovska, Y. Zhao, P. Martyshkin, J. Kosse)

e+

e+

Mattia Schaer



12/10/2021 Alain Blondel Physics at the FCCs  57

=30 mradIP1

IP2

Energy gain (RF) = losses in the storage ring
Synchrotron radiation (SR)
beamstrahlung (BS)

RF = 2SRi + 2SRe + 2BS 

SRi

SRe

RF

at the Z (O of mag.): 
SR = 2SRi + 2SRe =39 MeV
SRe - SRi /2 SR = 0.20 MeV
BS                               = 0  up to 0.62 MeV 

the average energies E0 around the ring 
are determined by the magnetic fields
➔same for colliding or non-colliding beams
-- measured by resonant depolarization
-- can be different for e+ and e-

E+ = E0
+ + 0.5RF -2SRi - SRe – 1.5BS  

E- =  E0
- - 0.5RF - SRi – 0.5BS

➔ E+ + E- = E0
-+ E0   (+ SRe - SRi )

E0 at half RF

single RF system ➔ E+ + E- constant 
if e+, e- energy losses are the same
(mod higher order corrections)
cross-checks: E+ - E- (boost of CM), 

+ measured Z masses!

 E+
b + E-

b

From beam energy to ECM

CDR 2-IP scenario

Alain Blondel



Developments in Xsuite

F. CarlierXSequence

cpymad

MAD-X

SADpyAT BMAD ElegantXsuite

Available Under development Under study

• Xsequence is part of a broader effort in code development
• The development of xsequence fits nicely in current efforts of code developments with ABP 

at CERN in the frame of Xsuite. 

Allows to bring current code development efforts for the LHC to the FCC-ee community

Tatiana Pieloni



Beam-beam Developments P. Kicsiny Talk

• Review of existing Models
• Discussions with Experts to define needs, challenges and strategy 

(Shatilov, Ohmi, Oide, Frank)

Tatiana Pieloni

https://indico.cern.ch/event/1085318/contributions/4582729/subcontributions/355430/attachments/2356471/4021479/pkicsiny_beambeam_6d.pdf


Other open points (incomplete list) 
• Maintaining knowhow from LEP, PEP-II and (Super-)KEKB  and preparing for FCC 
• Injection scheme for booster and pre-booster - how many wigglers, how much SR power? 
• Emittance evolution from source to collider, incl. IBS in all rings, injection effects, etc. 
• E-cloud build up and effects, e-cloud plus beam-beam, ion-driven instability for all rings 
• Touschek effect, scattering off thermal photons, gas scattering in all machines 
• Modelling of beam tails – collimation and protection systems 
• Dust effects in the collider, esp. in the electron ring  (quench? background? abort?)
• Injection energy for the full-energy booster, field quality, dynamic aperture etc.
• Damping Ring dynamic aperture and capture efficiency for simulated e+ distributions
• Integration of longitudinal dynamics codes & plasma acceleration codes
• Optics modelling, esp. IR and the solenoid, fringe fields – are we there ? Can we learn 

from other ABP sections (e.g. sources and linacs) ? 
• Alternative emittance calculations, e.g. Hirata-Ohmi-Oide formalism, … tracking ?….
• Development of advanced feedback system against low-mode res.-wall. instability
• Impedance calculations - many components to be considered and added 
• - nonlinear wake fields, e.g., at the collimators ;  CSR 
• - computing challenges, e.g. those encountered by Sasha Novokhatski

Frank Zimmermann, Other Open Points, FCC ABP Day

Frank Zimmermann


