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Future Circular Collider
SPACE FOR ADDITIONAL LOGOSName of the speaker/authorDate / Name of the event

FCC-ee
Electron-positron collider

FCC-hh
Proton-proton collider

Inspired by LEP-LHC programm

Re-using CERN infrastructure
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● 11 sessions 
with 52 talks

● 21 posters 
total

Overview
SPACE FOR ADDITIONAL LOGOSName of the speaker/authorDate / Name of the event
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FCC-ee Accelerator I, Tuesday 31st June
SPACE FOR ADDITIONAL LOGOSName of the speaker/authorDate / Name of the event
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FCC-ee Baseline
SPACE FOR ADDITIONAL LOGOSName of the speaker/authorDate / Name of the event

• 4 Interaction Points (IPs)

• 1-2 RF-sections

• Top-up injection and

 Beam extraction system

• Collimation system  
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FCC-ee Baseline
SPACE FOR ADDITIONAL LOGOSName of the speaker/authorDate / Name of the event

• 90°/90° arc cells for all energy stages, fewer quadrupoles at Z

• Crossing outwards the ring 

at all IPs to avoid impact

of synchrotron radiation 

M. Hofer, K. Oide

Z

ttbar
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FCC-ee Baseline
SPACE FOR ADDITIONAL LOGOSName of the speaker/authorDate / Name of the event

• New Version V22

• Can be found on Gitlab:
https://gitlab.cern.ch/acc-models/acc-models-fcc.git

• Changes wrt CDR: 

• Lower circumference

• 4 IPs instead of 2 IPs

• Smaller β
x
 at Z-pole 

M. Hofer, K. Oide
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FCC-ee Parameter Optimization
SPACE FOR ADDITIONAL LOGOSName of the speaker/authorDate / Name of the event

• Beam-beam parameter optimization ξy important

• Beamstrahlung leads to local bending radius at the IP

• At Z-, WW- and ZH-lattice :
● 90°/90° optics for larger momentum compaction
● Decrease of βy* to 10 cm from 15 cm
● Larger RF-voltage to increase synchrotron tune to mitigate TMCI 

• At ttbar-lattice: Luminosity limited by beamstrahlung photons → increase βx* to 1 m

• Lattice errors enhance resonances, e.g. footprint

• 2 IP simpler (commissioning, tolerances, etc. ) 

compared to 4 IP lattice

• CDR Integrated luminosity perhaps not achievable 

with errors for 2 IPs, to be studied in detail for 4 IPs

D. Shatilov
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Optics Correction Studies
SPACE FOR ADDITIONAL LOGOSName of the speaker/authorDate / Name of the event T. Charles

• Gaussian distribution misalignment and optics errors applied to elements

• Linear optics very well corrected, sextupole strengths increased slowly

Final emittances after optics 
tuning at ttbar for 100 seeds

Values not final



FCC WEEK 2022

03 JUN 2022

JACQUELINE KEINTZEL

SUMMARY ACCELERATORS
11

Top-Up Injection
SPACE FOR ADDITIONAL LOGOSName of the speaker/authorDate / Name of the event

• Multipole Kicker Injection (MKI)
● On- and off-momentum injection
● 180° phase advance between kickers
● Large optics at injection point

• Conventional orbit bump also studied

P. Hunchak

Using MKI with correction magent restores 
beam at IP to desired size
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FCC-ee Accelerator II, Tuesday 31st June
SPACE FOR ADDITIONAL LOGOSName of the speaker/authorDate / Name of the event



FCC WEEK 2022

03 JUN 2022

JACQUELINE KEINTZEL

SUMMARY ACCELERATORS
13

Single Beam Collective Effects
SPACE FOR ADDITIONAL LOGOSName of the speaker/authorDate / Name of the event M. Migliorati

Complex interplay of collective effects 
with optics (tune, chromaticity,… ) etc. 
and must be studied for the FCC-ee

Impedance model constantly updated
Not yet all contributors included 
(collimation, vacuum flanges, …)

Need to find mitigation strategies

• Z-lattice most critical in terms of impedance

• Resistive wall and bellows main contributors to impedance

• Resistive wall impedance
● Neg and copper coating, Im increases with Neg thickness

• Detailed impedance model for Bellows (~20 000)
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Single Beam Collective Effects
SPACE FOR ADDITIONAL LOGOSName of the speaker/authorDate / Name of the event M. Migliorati

• Growth times about 6 turns → maybe one feedback system not sufficient, or to be optimized

• Impact of feedback system on

instabilities to be studied

[…] However, a resistive transverse 
damper also destabilizes the single-
bunch motion below the transverse 
mode coupling instability intensity 
threshold (for zero chromaticity), 
introducing a new kind of instability, 
which has been called ITSR 
instability (for imaginary tune split 
and repulsion). […]Impedance changes with tune
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Single Bunch Instabilities
SPACE FOR ADDITIONAL LOGOSName of the speaker/authorDate / Name of the event E. Carideo

• Wake potentials used to define Green-functions of various impedance sources

• Gitlab repository available: https://gitlab.cern.ch/ecarideo/FCCee_IW_Model

Beamstrahlung can help mitigating TMCI instabiliy

Transverse (top) + longitudinal (bottom) 
TMCI, with both acceptance reduced
Bunch length 4.37 mm

Impedance model for 
collimators in progress 
based on knowledge for 
HL-LHC, constant at low 
frequency, non-linear fit 
for higher frequencies
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Resistive Wall Impedance
SPACE FOR ADDITIONAL LOGOSName of the speaker/authorDate / Name of the event A. Rajabi

• Code developed: VACI (Vacuum Chamber Impedance suite), solves Maxwell’s Equations

• Wake fields calculated 

• Resistive wall impedance calculated

Creating 
Geometry

Specifying 
Physical 
Groups

Creating Mesh 
by GMSH

Converting 
Mesh to a 
readable 
format for 

Python

Applying the 
Finite Element 

Method

Post 
Processing the 

results

Plotting the 
Results

Very good agreement between 
analytical model and VACI

Copper pipe without 
NEG coating 
calculated and in 
good agreement with 
other codes
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Beam-beam and Impedance
SPACE FOR ADDITIONAL LOGOSName of the speaker/authorDate / Name of the event Y. Zhang

• Instabilities strongly depend on optics parameters 

Combined X-Z instability 
and TMCI 

Stability regions equal

Beam size growth

 @ Qx=0.544

<x> @ 
Qx=0.544

Beam-beam and non-
zero chromaticity found 
to introduce new X-Z 
instabilites
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Electron Cloud Build up
SPACE FOR ADDITIONAL LOGOSDate / Name of the event F. Yaman

• Simulations performed with PyECLOUD and Furman-Pivi Model

≤ 1.4 SEY and n
γ
’ = 1x10-4 e-/m/e+
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FCC-ee Accelerator IV, Wednesday 1st June
SPACE FOR ADDITIONAL LOGOSName of the speaker/authorDate / Name of the event



FCC WEEK 2022

03 JUN 2022

JACQUELINE KEINTZEL

SUMMARY ACCELERATORS
20

Correction and Tuning
SPACE FOR ADDITIONAL LOGOSDate / Name of the event R. Tomas

• Optics drifts also in LHC and SuperKEKB → fast and efficient tuning required for FCC-ee

Tune drifts in SuperKEKB

Should systematic b2-errors be included 
in model?No extra space for BPMs 25cm optimum corrector length

Optics drifts in LHC

Understanding and optimizing SuperKEKB is inevitable for FCC-ee
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Ground Motion Induced Vibration
SPACE FOR ADDITIONAL LOGOSDate / Name of the event E. Montbarbon

• Aim to link beam optics to mechanical design

• Aim to quantify impact of vibrating MDI quadrupoles on beam characteristics

• Additional error to optics tuning studies
For the Z-lattice 
with smallest β*

          From only one quadrupole   
          to all quadrupoles of the 

MDI region
Magnets

         From a vertical static             
          misalignment to mechanical 

related vibrations

Vertical 
vibration

               From no coherence to     
          coherence between 

quadrupoles

Spatial 
coherence

Impact of time dependent 
vibrations in single MDI magnet

Effect of plane ground waves on 
the closed orbit 

How to other contributions (ocean, 
tides, etc.) impact the optics?
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Alignment
SPACE FOR ADDITIONAL LOGOSDate / Name of the event G. Gassner

• Typically randomly distributed alignment errors presumed, however:

• A lot of errors are not random (environment, refraction, instrument errors, etc.)

Horizontal errors add up quadratically, 
challenging, needs additional system

Left: only 
random 
errors
Right: part of 
errors not 
random

FCC tunnel will have unique alignment challenges

Tunnel moves, especially after construction

Vertical errors add up linearly, measurement no issue

How can beam based 
alignment help?
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ESRF Optics Correction Tools
SPACE FOR ADDITIONAL LOGOSDate / Name of the event S. Liuzzo

• ESRF tooles used to start simulating FCC-ee commissioning

10 µm misalignment (truncated at 2.5 σ) applied 

Correction strategy for 
ESRF applied to FCC-ee

Allows to correct optics and 
study DA, MA, etc… 

Compute 
sextupole 
correction 
strengths based 
on off-energy 
Fast-RM and 
dispersion 
measurement in 
ESRF 
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FCC-ee Accelerator V, Wednesday 1st June
SPACE FOR ADDITIONAL LOGOSName of the speaker/authorDate / Name of the event
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Software Framework for the FCC-ee
SPACE FOR ADDITIONAL LOGOSDate / Name of the event T. Pieloni

• Reliable software required for FCC design; XSUITE: New python framework

Numerous 
recent 
improvements 
in simulation 
codes for FCC
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FCC-ee Beam-Beam Effects
SPACE FOR ADDITIONAL LOGOSDate / Name of the event P. Kicsiny

• Beam-beam effects highly non-linear, studied using XSUITE
Beamstrahlung sprectrum benchmarked
Xsuite: weak-strong
GUINEA-PIG: strong-strong

Beamstrahlung 
one of the 
most limiting 
factors for the 
FCC-ee

Tune scan and 
emittance blow-up
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MAD-X Progress
SPACE FOR ADDITIONAL LOGOSDate / Name of the event R. de Maria

• Code framework since 2002 with continous improvements (e.g. radiation effect benchmarked)

Solenoid induced β-beating
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FCC-ee Collimation Studies
SPACE FOR ADDITIONAL LOGOSDate / Name of the event A. Abramov

• Stored beam energy in the FCC-ee reaches 20.7 MJ

• Halo (downstream) and betatron (upstream) collimation foreseen in PF

Collimation optics in PF

Betatron collimation
182.5 GeV, no radiation or tapering, 5x106 primary positrons, 700 turns



FCC WEEK 2022

03 JUN 2022

JACQUELINE KEINTZEL

SUMMARY ACCELERATORS
29

MAD-X Benchmarking and Solenoid
SPACE FOR ADDITIONAL LOGOSDate / Name of the event L. van Riesen-Haupt

• Aim to implement tilted solenoid in MAD-X

• Making the current lattice more realtistic ongoing
● Split large dipoles into smaller ones
● No significant orbit or optics change
● About 3% increase of radiation and emittance

SAD tilted 
solenoid 
implementation 
in MAD-X

Increase of 
radiation and 
emittance over 
magnet gap length
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IR Solenoid Modeling
SPACE FOR ADDITIONAL LOGOSDate / Name of the event H. Burkhardt

• Highly complex interaction region design for the FCC

• Overlap of solenoid and final focus quadrupoles

Thin multipole in MAD-X

Field map of solenoid

Given B(x, y, z) the passage through 
the interaction region can be well 
modelled on the MAD-X level with 
orbit correctors (kicker elements, describing 
the bump generated by the tilted solenoid 
detailed fringe fields ) and thin solenoid 
slices (coupling + overall focusing )

β-function variation over 7 
orders of magnitudes
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FCC-ee Injectors I, Tuesday 31st June
SPACE FOR ADDITIONAL LOGOSName of the speaker/authorDate / Name of the event
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Status of the High-Energy Booster
SPACE FOR ADDITIONAL LOGOSName of the speaker/authorDate / Name of the event

• 60°/60° (Z-, WW-) and 90°/90° (ttbar) optics available

• Dynamic aperture improvements for 90° optics ongoing

• Consequences of 10x smaller inj. emittance to be studied

A. Chance

Various layouts could be 
considered for the booster 
bypassing the detectors at 
the IPs, implications on 
booster optics and main 
rings to be studied carefully

Alternative booster dipoles with two different 
bending radii; implications on RF to be studied 
+ Faster damping without wigglers
+ Higher field at injection
- Could reduce beam stay clear
- More SR in opposite direction
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Pre-Injector Layout
SPACE FOR ADDITIONAL LOGOSName of the speaker/authorDate / Name of the event P. Craievich

e+Linac
Common Linac

DR

SPS (PBR) or 
HE Linac

e-Linac

EC

ECBCs

1.54 GeV

6 GeV

1.54 GeV

Positron source

Electron 
source

Stored time 40ms

106 m

~300 m

53 m

~100 m

63 m

~100 m

1.54 GeV

• Two different injector layouts studied

• Important requests: 
● Bunch-by-bunch intensity from 0 – 100 %, 
● Fluctuation bunch-to-bunch 3 %

Electron source basic layout on SwissFEL

200 MeV – 1.54 GeV 1.54 GeV – 6 GeV 

Preserve possibility to 
use DR also for e-?
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Linac from 200 MeV to 6 GeV
SPACE FOR ADDITIONAL LOGOSName of the speaker/authorDate / Name of the event

• FODO lattice with 90° phase advance

• Studies for determination of working point

• Jitter amplification due to multi-bunch effect

• Aim to decrease energy spread below 0.1%
● Optimize phase extend
● Shorter bunch from the gun
● Bunch compression

S. Bettoni

Applied errors lead to emittance blow-up and 
recovered with dedicated corrections

~6 µm rad emittance 
after linac

Change of 1 nm will 
require a phase 
change of 3°

What happens if 
bunch intensity 
changes between 
0.-100 %?
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Positron Beam Dynamics in Linac 1
SPACE FOR ADDITIONAL LOGOSName of the speaker/authorDate / Name of the event

• One of the key challenge huge transverse emittance (10 000 mm mrad)

• Realistic solenoid model ongoing 

M. Schaer, 
A. Latina

Solenoids can transport 
up to 1.54 GeV
Small particle loss 
during acceleration 

Energy spread to be reduced 
for maximum acceptance
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RF Design Traveling Wave Structure 
SPACE FOR ADDITIONAL LOGOSName of the speaker/authorDate / Name of the event

• Convex and reentrant geometries considered, very large parameters phase 

• Operated with pulse compressor, e.g. 5 ms puls shortened to 1 ms with larger amplitude

H. Pommerenke

convex
reentrant

Electron linac, black option (higher 
frequency, smaller aperture) 
preferred

A

F
3

C

E

Positron linac, L-band linac, 162° phase advance
Optimum structures with low frequencies and 
large apertures would need to be very long
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FCC-ee Injectors II, Tuesday 31st June
SPACE FOR ADDITIONAL LOGOSName of the speaker/authorDate / Name of the event
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Positron Capture Simulations
SPACE FOR ADDITIONAL LOGOSName of the speaker/authorDate / Name of the event

• Two possible target schemes

• Afterwards either FC or HTS

Y. Zhao

Yield Yield
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Radiation Load Studies for Positron Source
SPACE FOR ADDITIONAL LOGOSName of the speaker/authorDate / Name of the event

• Superconducting matching device

 design based on design in P3 

B.  Humann

FLUKA model
Shielding (blue) varied ~10x higher

Dose on the coils

~5x higher

Displacement per Atom

What are the limits on 
dose and DPA?
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Damping Ring Design
SPACE FOR ADDITIONAL LOGOSName of the speaker/authorDate / Name of the event

• About 5% energy acceptance required

• At least 9 bunch pairs injected in damping ring

• Maximum 35 bucket separation between train

A. de Santis

RF-voltage of 8.5 MV for 
6% energy acceptance

About 5% energy 
acceptance required
However, at +/-5 % 
dynamic aperture 
significantly reduced
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HTS Solenoids for P3
SPACE FOR ADDITIONAL LOGOSName of the speaker/authorDate / Name of the event

• Build in-house at PSI, and validated model

M. Duda

Field still rising at 
plateau due to non-
isolating HTS

Very slow ramp 
down → still 
suitable for 
matching device 
since positron 
production time 
planned
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Transfer Lines for FCC-ee Injectors
SPACE FOR ADDITIONAL LOGOSName of the speaker/authorDate / Name of the event

• Transfer line optics between positron damping ring and common linac optics

• Septum foreseen for injection into damping ring, extraction to be studied

R. Ramjiawan

Injection

Extraction

47.5 kV voltage for 
septum required → 
ideally should be 
halved
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PSI Positron Source Experiment
SPACE FOR ADDITIONAL LOGOSName of the speaker/authorDate / Name of the event N. Vallis

• Want to validate:
● Positron Yield > 3
● SC solenoid with HTS technology
● RF structure: large iris aperture
● NC vs SR solenoid around RF structure

Repetition rate only 200 pC at 1 Hz
Dissipated power on the target only few 
kW, whereby will be W for the FCC-ee

First experiments foreseen 
beginning 2025

Captured e+ 
beam divergent → 
solenoids required
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FCC-ee Accelerator III, Wednesday 1st June
SPACE FOR ADDITIONAL LOGOSName of the speaker/authorDate / Name of the event
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The EPOL Working Group
SPACE FOR ADDITIONAL LOGOSDate / Name of the event A. Blondel

• Energy Polarization, Calibration and Monochromatization

• FCC-ee aims to decrease present statistical errors drastically

Table for 2 IPs: √1.7 smaller for 4 IPs
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ECM and Boosts for FCC-ee
SPACE FOR ADDITIONAL LOGOSDate / Name of the event J. Keintzel, D. Shatilov

• ECM and boosts depend on RF sections, beamstrahlung, etc.

Z-lattice: 1 RF section, almost constant ECM

e+ e-

Beam energy 
spectrum with 
and without 
beamstrahlung

lo
g 10

(ρ
/ρ

0)

ttbar-
pole

ttbar-lattice: 2 RF sections, almost constant ECM

One 8 h shift will 
give 5 keV precision
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Polarimeter and Wigglers Status
SPACE FOR ADDITIONAL LOGOSDate / Name of the event K. Oide, M. Hofer

• Wigglers integrated in layout to decrease 
damping time

Wiggler location downstream of the IP, 5min lifetime

Polarimeter location upstream of the IP
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Laser System for Compton Polarimeter 
SPACE FOR ADDITIONAL LOGOSDate / Name of the event A. Martens,

N. Muchnoi

• Measurement of electrons and photons allows to 
reconstruct 3D polarization vector

Parameters extracted within 
0.001 precision in few seconds
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FCC-ee Accelerator VI, Thursday 2nd June
SPACE FOR ADDITIONAL LOGOSName of the speaker/authorDate / Name of the event
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Spin Polarization Using Bmad
SPACE FOR ADDITIONAL LOGOSDate / Name of the event Y. Wu

• Transversely polarized pilot bunches foreseen in FCC-ee for energy calibration

• Lepton beams polarize naturally over time

• Depolarization with errors Resonances between betatron tunes, 
synchrotron tune and spin tune

Larger vertical orbits reduce polarization
Resonances with 
Qs strong

Spin tracking of 10 particles
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Depolarization Process
SPACE FOR ADDITIONAL LOGOSDate / Name of the event I. Koop

• Resonant depolarization allows to determine spin tune and thus energy

Z-lattice
W-lattice

At W Qs too large, step-
wise depolariozation 
required

LEP

FT of spin 
coherent spin 
motion gives spin 
tune
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Effect of Misalignments
SPACE FOR ADDITIONAL LOGOSDate / Name of the event A. Blondel

• Collision offsets need to be understood and controlled

Vernier-scans 
performed at 
LEP

Beam-beam 
deflection at 
LEP
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Monochromatization
SPACE FOR ADDITIONAL LOGOSDate / Name of the event H. Jiang

• Helps reducing the ECM spread from 50 to 5 keV

Same dispersion at the IP

Transverse monochromatization scheme 
most promising→ introduce dispersion
→ luminosity loss, chromaticity, etc. 

IR optics with monochromatization scheme
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FCC-ee Accelerator VII, Thursday 2nd June
SPACE FOR ADDITIONAL LOGOSName of the speaker/authorDate / Name of the event
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SPACE FOR ADDITIONAL LOGOSDate / Name of the event
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MDI Overview
SPACE FOR ADDITIONAL LOGOSDate / Name of the event M. Boscolo

MDI design; Blue: shielding

• Numerous requirements
● Common IR for all energies
● 2 T detector solenoid field
● Solenoid compensation scheme
● SR control
● Lumimeter
● 100 mrad physics cone
● Background suppression
● Radiation shielding
● …
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Luminosity Calorimeter
SPACE FOR ADDITIONAL LOGOSDate / Name of the event M. Dam

• Standard lumi process is small angle elastic e + e - (Bhabha) scattering

Goal: absolute normalization 10-4 (Best OPAL at LEP 3.4x10-4)

Could or should some 
detectors be built 
asymmetrically to follow the 
physics?
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IR Chamber and Calculations
SPACE FOR ADDITIONAL LOGOSDate / Name of the event F. Fransesini

• Main assembly updated and thermal study performed
First results on 
thermal study
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Modeling for Vibration Estimates
SPACE FOR ADDITIONAL LOGOSDate / Name of the event S. Grabon

• Goal is to understand, model and predict dymanic behaviour of magnets

Magnet vertical displacement modeled 
and measured for SuperKEKB
Shows good agreement

Obtain natural 
frequencies 
and mode 
shapes

Define input 
and output 
point, where 
motion will be 
measured

10 0 10 1

Frequency [Hz]

10
-18

10
-16

10 -14

P
S

D
 [

m
²/

H
z]

Measured PSD compared to calculated PSD

Magnet vertical displacement measured on SuperKEKB

Ground vertical displacement measured on SuperKEKB

Magnet vertical displacement calculated with the simplified model



FCC WEEK 2022

03 JUN 2022

JACQUELINE KEINTZEL

SUMMARY ACCELERATORS
60

MDI Alignment System
SPACE FOR ADDITIONAL LOGOSDate / Name of the event L. Watrelot

• Tighter alignment constraints compared to the rest of the lattice
Alignment monitoring 
system required

Present sensors (hydraulic, wire, 
optical) not precise enough; e.g. 
HL-LHC not directly applicable (?)

Internal alignment system ongoing work
Plan for external alignment system:

Sensors and alignment strategies 
presently developed for the FCC-ee
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FCC-ee Accelerator VIII, Thursday 2nd June
SPACE FOR ADDITIONAL LOGOSName of the speaker/authorDate / Name of the event
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IR Magnet Concepts
SPACE FOR ADDITIONAL LOGOSDate / Name of the event M. Koratzinos

• Detailed studies on final focus quadrupoles performed

Correctors 
have been 
designed

Water cooled 
beam pipe

Multipole components with and without correction
New BPM design

Helium vessel now included in design

One of the most crucial 
parts of FCC-ee
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IR Magnet Review
SPACE FOR ADDITIONAL LOGOSDate / Name of the event J. Seeman

• IR review took place on 6th April 2022

Use experience 
from e.g. EIC and 
SuperKEKB
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Backgrounds and Beamstrahlung
SPACE FOR ADDITIONAL LOGOSDate / Name of the event A. Ciarma

• Focused on vertex detector and inner tracker

Generated photons increase 
for higher energy

About 60 particles lost per 
beam crossing per beam
Detailed studies ongoing to 
dertermine impact on QC1

Beamstrahlung photons (up to 
300 kW with 10-100µm 
divergence)→ dump 
less energetic particles 
receive stronger kick 
→ Photons hit beam pipe 
in different locations
Power peak shifted by mm

x10-3

How much shielding do we need and where?
How are the losses for a new injected beam?
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Synchrotron Radiation Background
SPACE FOR ADDITIONAL LOGOSDate / Name of the event K. Andre

• Synchrotron radiation photons generated simulated using BDSim and compared with 
previous results from MDISim

Power of emitted photons 
around the IP

SR masks for shielding required, 
photons generated from 
different dipoles hit at different 
location

Where do we need the masks and collimators?
Which dimensions should they have?
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Beam Dumps for Beamstrahlung
SPACE FOR ADDITIONAL LOGOSDate / Name of the event M. Calviani

• Various absorbers could be considered (graphite, water, liquid metal) and integration studied

Power Density in graphite core for Z-lattice
Typical HD and LD graphite densities for 
different distances from IP

How far away does the beam dump for beamstrahlung need to be?
Do we need a window and what is its impact on the vacuum design?

Deposited dose around 
around the beam dump 
must also be considered
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FCC-hh, Wednesday 1st June
SPACE FOR ADDITIONAL LOGOSName of the speaker/authorDate / Name of the event
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SPACE FOR ADDITIONAL LOGOSName of the speaker/authorDate / Name of the event
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FCC-hh Layout and Optics Studies
SPACE FOR ADDITIONAL LOGOSName of the speaker/authorDate / Name of the event

• Exact four-fold symmetry 

M. Giovannozzi

Injection
Injection

transfer lines proposed to be 
installed inside FCC-hhring tunnel

Beam dump

BetatroncollimationMomentum
collimation

RF

Circumference: 91.9 km
Number of cells: 42
Cell length: 215.3 m
Experimental straight section: 1400 m
Technical straight section: 2160 m

(m)

(m
)

FODO cell Combined function FODO

What is the best injection 
option (scSPS, superferric 
LHC)?



FCC WEEK 2022

03 JUN 2022

JACQUELINE KEINTZEL

SUMMARY ACCELERATORS
70

FCC-hh Collimation
SPACE FOR ADDITIONAL LOGOSName of the speaker/authorDate / Name of the event

• New halo collimation optics and lattice, foreseen in PF

R. Bruce

Horizontal halo collimation
Beam 1
50 TeV

Smallest 
collimator half gap 
(vertical primary) 
around 0.8 mm  
(cf ~1mm in LHC)

LHC: 362 MJ - kinetic energy of 
TGV train cruising at 155 km/h

FCC-hh: 8.3 GJ – kinetic energy 
of  Airbus A380 (empty) cruising 
at 880 km/h: 
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Hybrid HTS-Cu Coating for Beam Screen
SPACE FOR ADDITIONAL LOGOSName of the speaker/authorDate / Name of the event

• New studies for FCC-hh beam screen presented

G. Telles

HTS tapes 
inside 
beamscreen
→ lower 
impedance and 
acceptable 
field quality
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Injectors, Injection, Extraction and Transfer Lines
SPACE FOR ADDITIONAL LOGOSName of the speaker/authorDate / Name of the event

• For FCC-hh injection and extraction combined in the same straight section

• Injector options:
● scSPS: 1.3 TeV
● (Superferric) LHC: 1.3 - 3.3 TeV 

• Synergy between hadron and lepton transfer line

W. Bartmann

Main optics constraint of kicker-absorber 
= 90° phase
Most critical is injection failure impacting 
all extraction elements

Optics and beam enveloped for 
injection and extraction for FCC-hh

If SPS serves as hadron injector – more obvious synergy 
between hadron and lepton lines

For the LHC option should study possibility of extracting 
both beams in either P1 or P8 & envisage re-use of TI8

With updated 8IP layout need to direct injection lines 
into the arc tunnel to avoid excessive tunnel lengths
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Poster Session, Thursday 2nd June
SPACE FOR ADDITIONAL LOGOSName of the speaker/authorDate / Name of the event
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SPACE FOR ADDITIONAL LOGOSDate / Name of the event
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SPACE FOR ADDITIONAL LOGOSDate / Name of the event



Thank you 
for your attention.
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