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Accelerators Technical Design Session 1 : Synergies & innovation

Raubenheimer / Burnet / Karpov / Mazzoni /Morrone 
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Presented by M. Minty, BNL

Raubenheimer / Burnet / Karpov / Mazzoni /Morrone 
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Presented by M. Minty, BNL

Raubenheimer / Burnet / Karpov / Mazzoni /Morrone 
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Proposal of HTS coils for dipole with permanent current

Presented by V. Kashikhin, FNAL

Raubenheimer / Burnet / Karpov / Mazzoni /Morrone 
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Proposal of HTS quadrupole/sextupole magnets

Presented by M. Koratzinos, PSI

Raubenheimer / Burnet / Karpov / Mazzoni /Morrone 
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Possible Synergies with FCC-eePresented by Emilio Nanni, SLAC

Advantages of C3 Technology for the Injector Linacs

Raubenheimer / Burnet / Karpov / Mazzoni /Morrone 
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Accelerators Technical Design Session 2 : magnets

Raubenheimer / Burnet / Karpov / Mazzoni /Morrone 



Collider magnet design status for FCC-ee, J. Bauche, C. ErikssonFCC Week 2024

Collider Dipole parameters
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• Main changes: aluminium busbar at 
higher current density

• Power dissipation is ~80% larger than 
2023 Cu BB design, but the increased 
OPEX is far outweighted by the 
reduced CAPEX, with an overall 
lower TOTEX* over the lifetime! 

• Busbar geometry adjusted to make 
more room for trim coils (adjusted 
current density) and match cooling 
requirements 

• Total circuit voltage stays < 1kV

*see presentations B. Wicki on Tuesday 16:14 and 

Wednesday 14:06

Parameter Unit Value 2023 Value 2024

Max strength mT 61 61

Magnetic length (average) m 21.15 21.15

Busbar material Copper Aluminium

Max current in busbars A 3628 3665

Conductor dimensions mm2 66 x 55 62 x 33

Cooling diameter mm 7 8.1

Current density A/mm2 1.01 1.85

Voltage drop per magnet V 1.2 2.2

Resistance per magnet mΩ 0.34 0.62

Power per magnet kW 4,4 8.2

Number of water circuits - 1 1

Water temperature rise °C 11.2 14.2

Cooling water speed m/s 2.4 2.7

Pressure drop bar 5 5

Reynolds no. - 23745 30380

Cheaper with aluminum but more losses

Presented by J. Bauche, C. Eriksson, CERN

https://indico.cern.ch/event/1298458/contributions/5976154/
https://indico.cern.ch/event/1298458/contributions/5977232/


Collider magnet design status for FCC-ee, J. Bauche, C. ErikssonFCC Week 2024 11

Magnet circuits vs. FCC-ee full machine (mid-term report) • Power of the FCC-ee magnets at ttbar is 
comparable to the CERN SPS main 
dipoles (~90 MW peak)

• The arc magnet circuit integrated 
power consumption over the project 
lifetime is 3,2 TWh

• This is only 17% of the full FCC-ee 

machine (booster + collider)

• 70% of this consumption is for the ttbar

phase only

Magnet circuits power consumption

Courtesy  J.P. Burnet
With the set of parameter presented today:

• RMS power of collider magnets would scale up by +33% (119 MW @ ttbar)

• 3.2 TWh → 4.3 TWh of total magnet integrated power consumption

• 17% → 22% of FCC-ee full machine integrated power consumption

• Magnet circuit TOTEX would scale down by -15%

Presented by J. Bauche, C. Eriksson, CERN



Short prototype magnet production & test plan
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The number of turns is increased in the model

magnet for convenience

The length of the model magnet is determined

as 500 mm

Valid representation of the baseline dipole

M270-50A steel coils are provided

H. Deveci and L. von FreedenBooster magnet design status — FCC week 2024

Yoke is optimised for the entire tt_ cycle 

to minimize the distortions in the field 

quality caused by the hysteretic effect

Presented by H. Deveci, L. von Freeden, CERN



Number of Circuit – Collider’s Alternative

Collider Magnets N° Magnets N° Circuits

Dipole 2'840 16

Quadrupole 2'840 32

Sextupole 5'080 706

Sub-Total 10'760 754

Dipole Tapering

Quadrupole Tapering

Sub-Total 0 0

Horizontal Corrector 5'680 5'680

Vertical Corrector 11'360 11'360

Quadrupole Corrector ---- ----

Skew Quadrupole 2'824 2'824

Sub-Total 19'864 19'864

Straight Section ? ?

Total 30'624 20'618

Achieved with Horizontal Corrector

Achieved with Vertical Corrector
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Presented by B. Wicki, CERN



Controllability
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Only one converter in the alcoves.

The trimmers + cabling in the arc

section, closest to magnets.

But need of Radiation hard trimmers

Close to half the space by using cable

sharing.

CAPEX 

OPEX

CAPEX ?

OPEX

Power converters are too big to be put

in the arcs.

Presented by B. Wicki, CERN



12th June 2024 – FCC Week 2024 Status of the Arc Half-Cell Mock-up project
Audrey PICCINI – EN/MME 

CERN
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What will be installed in the 1:1 Mock-up?

Courtesy M. Rouchouse

The envelope will consist of arches reinforced 

by beams and closed by plates/sheets

Representative 

wooden magnets 

that can evolve 

into prototypes

Install real structures for 

booster and collider 

supports
Girder = PAEC collaboration

(example SPS wooden magnets)

Presented by A. Piccini, CERN
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Test of final focus quadrupole prototype

Presented by M. Koratzinos, PSI

Testing at cold at SM18 

(CERN)

• Cryostat supporting 1.9K superfluid helium

• Training campaign

• Measurement of splice resistance

• Measurement of quenchback

• Measurement of RRR
Field quality - cold

https://arxiv.org/abs/2405.20105

Raubenheimer / Burnet / Karpov / Mazzoni /Morrone 

https://arxiv.org/abs/2405.20105
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Accelerators Technical Design Session 3 : Injection & Instrumentation

Raubenheimer / Burnet / Karpov / Mazzoni /Morrone 
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Booster and Collider challenges for septa and separators

Presented by J. . Borburgh, CERN

• Update on tech choice  and topology for septa for Booster and Collider injection, extraction and 
dump and EM separator for ttbar.

• Septum tech at forefront of technology but no showstoppers. Present baseline mature enough 
for implementation in FCC

• EM separator for ttbar needed to ensure beams pass in the centre of RF cavity with no 
synchrotron light hitting the cavity. Based on longitudinal matching of B and E field for 
cancellation on incoming beam only. Several challenges: heat deposition, impedance budget, 
field matching tolerance unknown at present. Studies needed
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Overview and challenges for fast pulsed beam transfer system

Presented by G. Favia, CERN

• Tech for magnet and generator for damping inj + extr, booster inj+extr+ dump, collider 

inj+dump studied. Optimal choice identified for all cases

• No showstoppers but challenges identified (highlighted in table)

• Point B (booster to collide extraction, booster and collider dump) would require 

additional service area to keep cable length short (blue arrows). Booster injection 

integration to be verified as well.
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Studies on an electro-optical longitudinal bunch profile monitor 

Presented by M. Reissig, KIT

• FCC-ee required bunch by bunch, < 100 fs resolution, non-interceptive bunch length 
measurement. Electro-optic spectral decoding  method fulfils requirements.

• E-O detector installed and operational in Karlruhe Research Accelerator. New design for FCC 
being developed. Prototype is under test, positive first validation in tests at CERN.

• Preliminary impedance check of protruding crystal for Z mode OK. Many studies needed: heat 
load and radiation resistance of crystal, integration in FCCee
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Transverse beam size monitoring

Presented by D. Butti, CERN

• Combination of synchrotron radiation-based techniques likely to fulfil FCCee

requirements (high precision bunch by bunch, occasional high accuracy)

• Pinhole lines (robust, few % precision, OK for RMS size > 50 um) combined with 

interferometric techniques (few um RMS size) use similar infrastructure: possibility to 

have both in same extraction line. Studies ongoing at ALBA light source

• Integration in FCC-ee ongoing: dedicated wiggler (nice to have), dipoles downstream of 

interaction points 
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BPM design studies 

Presented by E. Howling, U. Oxford and CERN

• Arc button BPMs shall provide measurement with 0.1 um (orbit) /  10 um (turn by turn) 

resolution. Challenges are impedance (10000 BPMs!), rad tolerance, alignment and 

stability.

• Simulations and experimental validation ongoing at CERN for choice of optimal button 

size and gap. 8 mm radius current compromise between signal and wakeloss . Work 

ongoing.

• IR BPMs must have 1 um single pass resolution. At present, integration of BPMs in IR is 

very challenging (space reservation, presence of BPMs between segmented quads)
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Accelerators Technical Design Session 4 : Vacuum & Radiation

Raubenheimer / Burnet / Karpov / Mazzoni /Morrone 
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FCC-ee vacuum design status

Presented by C.Garion, CERN

Pumping 

dome

Flange 

connection

The chamber design is based on an extruded 

profile equipped with:
➢ Synchrotron radiation absorbers, 3D printed, laser 

welded

➢ Cooling circuit, laser welded,

➢ Flanges, FSW welded,

➢ Bake out system, thermal sprayed

➢ Thermal insulation,

➢ Dismountable SMART connections

➢ Pumping dome, if any.

Vacuum chamber is NEG coated. Long term 

performance of thin NEG coating has to be 

assessed.

Additional shielding is integrated around the SRA. 

3D printed synchrotron radiation absorber

3D printed synchrotron radiation 

absorber
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Synchrotron radiation absorber design

Presented by M. Moorone, CERN
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Radiation and shielding in the FCC-ee arcs

Presented by A. Lechner, CERN
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Accelerators Technical Design Session 4 : Beam Intercepting Devices

Raubenheimer / Burnet / Karpov / Mazzoni /Morrone 
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Beamstrahlung dump concepts, design, considerations & R&D roadmap

Presented by M. Calviani, CERN 

Proposal of a pure liquid Pb absorber

ARGON

Pb

Ti = 400 ºC

Qi = 220 

kg/s
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Beamstrahlung monitor

Presented by Dmitri Liventsev, 

Wayne State

Monitor developed for SuperKEKB

Applicable for FCC?
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Requirements for Collimation System and R&D paths

Presented by A. Perillo-Marcone, CERN
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Overview of the FCC-ee alignment and monitoring study

Presented by Léonard WATRELOT, CERN

First goal is to study the alignment error propagation as it impacts :

- Marking

- Initial installation

- Monitoring

- Adjustment

- Resources 

- Cost

- Time spent
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SRF technology

Raubenheimer / Burnet / Karpov / Mazzoni /Morrone 
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CERN is making a strategic investment in a dedicated new SRF facility, in fundamental 

SRF R&D, in prototyping and in the development of high-efficiency RF sources.

Presented by F. Gerigk, CERN
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Presented by F. Peauger, CERN

Unchanged RF design of the three 

cavity types. HOM power extraction 

scheme proposed for the module. 

Mechanical design can start.

Types of RF power sources identified, with novel 

approach for high efficiency klystron at ~MW 

level.
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The 2-cell design seems feasible for the nominal current at Z, but challenging

Reverse phase operation mode is in the air

Presented by I. Karpov, CERN
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Transfer of performance from single-cell to full-scale cavities is well underway.

Presented by M. 

Liepe, Cornell
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Presented by J. Guo, 

Jlab

The ESR 1-cell prototype cavity is close to complete, with vertical testing expected in 

a few months. The first article cryomodule is funded and scheduled to complete is 

about 2 years.
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Presented by C. Pereira Carlos, 

Univ. Geneva

Continue fundamental study on samples and 1.3 GHz cavities to optimize coating 

recipe -> Prioritize coatings and RF measurements of 400 MHz cavities
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Presented by A.-M. Valente-Feliciano, Jlab
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Presented by D. Gonnella, SLAC
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Presented by K. McGee, FNAL
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Presented by K. Canderan, CERN

Definition of a heat loads budget and margins for the cryogenic system + a 

preliminary cryogenic scheme for 400 MHz & 800 MHz



43Raubenheimer / Burnet / Karpov / Mazzoni /Morrone 

Presented by D. Passarelli, FNAL

The experience gained in designing, assembling, and testing PIP-II cryomodules 

has substantially expedited the design phase of the 800 MHz cryomodule.
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Preliminary ideas for joint Fermilab-CERN collaboration on 800 MHz RF
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