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24 talks FCC-ee & FCCIS WP2, 10 talks FCC-ee other,

3 talks FCC-hh, 3 talks FCC-eh → 40 talks in total ! 



Overview



Parameters, Layout

Tuesday from 11h00 – FCC-ee & FCCIS WP2: Parameters, Layout, 
Overview, with Booster – Eugene Levichev, BINP

Parameters – Update and Plan D. Shatilov, BINP

Optics and Layout – Update and plan K. Oide, KEK & CERN

Experience at SuperKEKB J. Keintzel, TU Vienna 
& CERN 

Top up injection M. Aiba, PSI



Parameters – Update and Plan Dmitry Shatilov

impedance effect & beam-beam 

→ reduced region in tune diagram at Z, 

Qx to be controlled to 10-3 level

→ larger momentum compaction, 45 deg optics (in addt’n to 60 and 90 deg)

600 or 650 MHz RF at the Z ? 3rd harmonic cavities to control no of bunches ? 

transient beam loading : new effect, tighter tolerances for b-b flip-flop & top up

4 IPs and realistic optics
with errors, corrections & 
related tolerances

LPA collision                          + beamstrahlung

 Geometrical loss of luminosity (small).

 Amplification of synchro-betatron resonances. 

 Asymmetry in the energy loss  due to BS   asymmetry in the bunch lengths and energy spreads.  This can lead 

to a 3D flip-flop.

For dZ = 5 mm, requirements for the permissible asymmetry of the bunch currents are tightened from   5%  to   3%.

Pz

Z

dZ [mm] z [mm]  [10-3]

0 12 / 12 1.3 / 1.3

5 11.3 / 12.4 1.24 / 1.33

10 8.7 / 14.5 0.97 / 1.55



Optics & Layout – Update and Plan Katsunobu Oide

optics & DA 
for several 
placement 

options:
all OK !

superperio-
dicity crucial !



SuperKEKB: state of the art Jacqueline Keintzel

by
* = 0.8 mm achieved in both rings – using the

FCC-ee-style “virtual” crab-waist collision scheme

SuperKEKB is 

demonstrating FCC-ee

key concepts 

new world record luminosity 3.12x1034 cm-2s-1 achieved 
last week (22 June 2021);
beam currents still much below design value



Top-up injection Masamitsu Aiba

Summary and Next steps

Septum

Optics integrationConventional & MK injection



Optics correction, DA, collimation

Tuesday from 14h00 – FCC-ee and FFCIS WP2: Optics Correction, Beam Stay-
Clear, Dynamic Aperture, Collimation – Eliana Gianfelice-Wendt, FNAL

Status and plans for optics corrections and emittance 
performance

Tessa Charles, Liverpool 

Robust modelling of FCC-ee with analytical equations 
and simulations 

Leon van Riesen Haupt , 
CERN 

Multicode comparison Felix Carlier, EPFL 

Collimation optics Michael Hofer, CERN 

Aperture and Collimation Andrey Abramov, CERN 



Optics corrections & emittance Tessa Charles



Robust Modelling w. Equations & Simulations Leon Van Riesen Haupt

Code benchmarking performed

Analytical studies of emittance sensitivity can help define alignment strategy



Robust Modelling w. Equations & Simulations Felix Carlier



Aperture and collimation Andrey Abramov



Layout and optics for a collimation section Michael Hofer



FCC-hh

Wednesday from 9h00 –FCC-hh – Frank Zimmermann, CERN

Status and plans for FCC-hh optics 
studies

Massimo 
Giovannozzi, CERN

Modifications of injection and beam 
dump systems for new collider layout

Wolfgang Bartmann, 
CERN

Status and plans for FCC-hh collimation Roderik Bruce, CERN



Status and plans for FCC-hh optics studies Massimo Giovannozzi

T. Risselada

(m)

(m
)

Improved layout with FCC-ee and FCC-hh

IPs at same transverse position -

Advantages: 

• Size of detector cavern reduced

• Re-use FCC-ee detector for FCC-hh

• Tunnel width reduced over 2 x 500 m

Combined-function (dipole-

quad) option for FCC-hh -

Possible advantages

• Increase filling factor

• Simplify production (a single 

magnet type for the arcs)

Nominal FCC-hh FODO cell FCC-hh combined-function cell



hh injection and beam dump systems Wolfgang Bartmann

Extraction – New Baseline
Proposed new baseline:

 Based on novel septa: SuShi (3.2T) and 
Truncated CosTheta (4T). Total system length 
~70m 

 Septa Layout requires single plane extraction 
(vertical)

 Reduced kicker segmentation, still highly 
segmented (150 kicker)

Old baseline: working backup solution 

 Based on superferric Lambertson septa (1.3-
1.55T / ~184m with 25 mm septum blade)

 Septa layout requires double plane extraction

 Highly segmented extraction kicker system 
(300 kicker)

Transfer lines

8 point options will require significantly more TL magnets

Joining the collider tunnel as early as possible– this requires a 

careful consideration of integration and cross-talk

Injection

 New generator technologies required and studied

 Failure scenarios analyzed

 Can reduce system length to 450 m for injection equipment 

Length reduction from 2.8 km to 2.1 km  likely possible to find a feasible concept



Status and plans for FCC-hh collimation Roderik Bruce

Thermo-mechanical response, p 12 min lifetime, w FLUKA & ANSYS

• most loaded collimators (vertical primary with highest peak power density 

50kW/cm3, first secondary w highest total power load 92 kW)

Initial situation Final situation, after mitigations

Thermo-
mechanical 

response, Pb
secondary

beam

DS collimator

100’s of micron
displacement



Electron cloud and vacuum

Wednesday from 11h00 – FCC-ee & FCCIS WP2: Electron 
cloud & vacuum – Kyo Shibata, KEK 

Arc vacuum system & synchrotron 
radiation

Roberto Kersevan, 
CERN 

Synchrotron Radiation studies for the 
FCC-ee arc with FLUKA

Barbara Humann, CERN 
&TU Vienna  

Key surface parameters Roberto Cimino, INFN  

Electron cloud simulations for arc 
dipoles

Fatih Yaman, IETY 

Electron cloud simulations for arc 
quadrupoles

Damian Ayim, UADY 



Arc vacuum system and synchrotron radiation Roberto Kersevan

Thin (150 nm) NEG-coating to obtain low PEY and SEY ; “thin” to minimize RW impedance
Even thin NEG-coating gives large distributed pumping speed; + discrete photon absorbers

B1: 25 absorbers at ~ 5.6 m average spacing
B2: no absorbers

Future work: prototyping and experiments 
• test prototype chambers at light source (KARA/KIT?)
• test behavior of thin NEG-coating at light source
• define deposition technique for dipole vacuum chambers 
• in-situ measurement of photoelectron yield at light … 



SR studies for arcs with FLUKA Barbara Humann



Key Vacuum Surface Parameters for FCC-ee Roberto Cimino

how a coating modifies the SEY

exp. configurations for PEY & 
reflectivity measurements

difficult to extrapolate 
results from energy range 
available (35 - 1800 eV)  
minimal grazing incidence 
angle achievable at BESSY2 
to an energy range and 
angle of incidence of 
relevance for FCC-ee
→ experiments elsewhere !



e-cloud simulations for FCC-ee DR & collider dipoles Fatih Yaman



e-cloud simulations for arc quadrupoles Damian Ayim

multipacting
threshold
at SEY ~1.25

e- density is 
reduced for 
chamber with 
winglets



FCC-eh

Wednesday from 14h00 –FCC-eh – Gianluigi Arduini, CERN

FCC.eh: Update and ERLs Max Klein, U Liverpool

LHeC Racetrack as Injector to FCC-ee Yannis Papaphilipppou, 
CERN

Interaction Region Design Optimization Kevin Andre, U Liverpool



FCC-eh: Update and ERLs Max Klein



LHeC Racetrack as Injector to FCC-ee Yannis Papaphilippou

LHeC RLI would allow 

• direct injection into collider at Z and 
perhaps W

• higher e- current than CDR baseline 



eh Interaction Region Design Optimization Kevin Andre



Injector Complex

Wednesday from 16h00 – FCC-ee : Injector complex – Tor 
Raubenheimer, SLAC 

Overview and layout Paolo Craievich, PSI 

Linac and electron sources Alexej Grudiev, CERN  

Positron source Iryna Chaikovska, IJClab

Filling schemes through injector 
chain 

Salim Ogur, IJCLab

Full energy booster Antoine Chance, CEA  



Overview and Layout Paolo Craievich

Positron Source R&D at SwissFEL

CHART collaboration



Linac and electron sources Alexej Grudiev

e- source
5nC bunch

RF components reviewed



Positron source Iryna Chaikovska

Plans to demonstrate at PSI



Filling schemes through injector chain Salim Ogur



Full energy booster Antoine Chance

Automated adaptation to MR layout modification 



MDI

Thursday from 9h00 – FCC-ee & FCCIS WP2: IR & MDI –
Wolfgang Hillert, U. Hamburg 

Overview, plan and open 
questions

Manuela Boscolo, 
INFN 

Beam-beam background & 
beamstrahlung

Andrea Ciarma, 
CERN 

News on the Q1 magnet 
prototype

Mike Koratzinos, MIT 

Mechanical design of the MDI Francesco 
Fransesini, INFN 

IR alignment system Leonard Watrelot, 
CERN 



Overview Manuela Boscolo



Beam-beam background Andrea Ciarma

Beamstrahlung Bhabha and Beamstrahlung

Tracking of spent beam
Integration with the key4hep framework



Q1 Magnet prototype Mike Koratzinos

Canted Cosine Theta design

Warm tests



MDI Mechanical Design Francesco Fransesini

Stress calculations

Thermal calculations/cooling



MDI Alignment Leonard Watrelot

Evaluation of the existing concepts
Considering internal + external monitoring system



Impedance

Thursday from 11h00 – FCC-ee & FCCIS WP2: impedance 
& collective effects – Ursula van Rienen / UROS 

Introduction and overview, incl. 
FEB 

Mauro Migliorati , 
Sapienza 

Impedance database and single-
bunch instability thresholds

Emanuela Carideo, 
Sapienza & CERN 

Status of bellows and flanges 
impedance studies

Chiara Antuono, 
Sapienza 

Combined effect of impedance 
and beam-beam 

Yuan Zhang, IHEP 

SuperKEKB collimation Takuya Ishibashi, KEK 



Impedance overview Mauro Migliorati



Collective effects & impedance database Emanuela Carideo

Re (Qx) vs Nb,
comparing 

PyHEADTAIL & DELPHI 
for transverse 
resistive wall wakefield

Re (Qx) vs Nb,
from PyHEADTAIL
for combined effect of
transverse & longitudinal
resistive wall wakefield

TMCI thresholdlongitudinal wake potentials

bunch lengthening & microwave inst.

z (top) & 

(bottom)
vs Nb

with and
without 
beam-
strahlung



Bellows and flanges Chiara Antuono



Combined effect of impedance and beam-beam Yuan Zhang



SuperKEKB Collimation Takuya Ishibashi



Other applications

Thursday from 14h00 – FCC-ee: Other applications & upgrades - M. Seidel/PSI

FCC-ee booster as ultimate storage ring photon source Sara Casalbuoni, XFEL 

Science case for high-energy photons Anders Madsen, XFEL 

FCC-ee e+ options Benjamin Rienacker, Ruggero 
Caravita, CERN

ERL-based e+e- collider Vladimir Litvinenko, BNL 

FCC-ee upgrade to muon collider Daniel Schulte, CERN 



FCC-ee booster as photon source Sara Casalbuoni



Science case for high energy photons Anders Madsen

A number of imaging techniques could be interesting in the 30-100 keV range
At these energies radiation not diffraction-limited at conventional DLSR 



Positron source science case Ruggero Caravita, Benjamin Rienäcker



Energy recovery collider Vladimir Litvinenko



Muon collider Daniel Schulte



The End

Congratulations to everyone for fantastic progress! 


