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ÅFCC-ee technical design at the completion of the Feasibility Study

ÅFCC-hh scenario F14 within the Feasibility Study

ÅNext steps for the technical design

Content

FCC week 2025



Technical infrastructures

Accelerator Technical Design

7 sessions on 

Accelerator Technical Design

6 sessions on 

Technical Infrastructures

4 sessions on SRF technology

2 sessions on High field magnets
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SRF technology

Jean-Paul Burnet / Tor Raubenheimer / Klaus Hanke

High Field magnets



FCC-ee technical design 
at the completion of the feasibility study

5Jean-Paul Burnet / Tor Raubenheimer / Klaus Hanke
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Engineering challenges

üSafety Develop safe concepts 

üSustainability Reduce the environmental impact

üFeasibility Identify challenges and propose solutions

üAffordability Cost optimisation

üPerformance Reach physics objectives

Design focused on these criteria

Safety Sustainability

Feasibility Affordability

Performance

Energy Management and Sustainability Aspects for FCC, ESSRI2024

https://agenda.ciemat.es/event/4431/contributions/5075/
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Cross-section of the arc tunnel (11km)

Integration as in the feasibility report
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Update on mechanical design
Design of the accelerator structures

Girders, jacks, pillarsé 35000 tons of  metal

Courtesy A. Piccini, M. Timmins

https://indico.cern.ch/event/1478259/
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Collider dipole magnet, aluminum busbar

Update on Collider magnet design

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 mɋ 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

Impact of aluminum busbars:

Much cheaper bulk material

Lighter material (lower Z), so shields less the SR, but gets less activated

Surface can be anodized to get inorganic insulation layer (in addition to air/spacers)

Higher Joule losses than copper (at equivalent current density)

Not compatible with copper cooling circuit (galvanic corrosion), so requires:

Either a dedicated cooling circuit (expensive additional infrastructure)

Or a copper cooling tube embedded in the aluminum bulk (which also allows standard cooling fittings)

Ą Both options to be evaluated

(Copper tube option requires R&D)

Courtesy J. Bauche
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Booster dipole magnet, extreme low field!
Short model magnet for 

magnetic measurements

Update on Booster magnet design

Parameter Unit Value

Number of units in the arcs 2768 x 2

Central field, 20 GeVï182.5 GeV mT 6.5 - 65.0À

Aperture (horizontal × vertical) mm 130 x 65

Good ýeld region (GFR) radius mm 17

Field quality in GFR 1.0E-04 < 1

Magnetic length m 11

Magnet outer transverse dimensions mm 206 x 125

Iron mass per unit length kg/m 106.4

Aluminum mass per unit length kg/m 4.89

Magnet unit mass (11 m length) kg 1225

Total magnet mass, 65.4 km (only active parts) tons ~6781

Maximum operating ampere-turns (tt_bar extraction) A 3380

Maximum RMS current density (tt_bar) A/mm2 2.12

Peak current (1 x coil with 1 turns) A 3380

Resistance per unit length (1 x coil with 1 turns) Õɋ/m 63.9

Inductance per unit length (1 x coil with 1 turns) µH/m 4

Peak voltage per octant (2 x coil with 1 turns) V 1695

Maximum RMS power per unit length (tt_bar) W/m 237

Maximum total peak power (tt_bar; cabling not incl.) MW 44

Maximum total RMS power (tt_bar; cabling not incl.) MW 14.3

Conductor Size mm
12 x 79 (7 mm duct 

diameter)

Booster, collider magnetsé 66000 tons of  metal~ LHC magnets
Courtesy L. Van Freeden

https://indico.cern.ch/event/1466737/
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Specification for the arcs

FCC stability requirements

Courtesy M. Guinchard, A. Piccini

LHC Stability requirements

https://indico.cern.ch/event/1516427/
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Model and experimental results with girder and quadrupole

FCC stability requirements

Courtesy M. Guinchard, A. Piccini

14 Hz 44 Hz

ĄExperimental measurements based on experimental modal analysis (EMA), 

transfer function (TF) and motion (GM) evaluation

Ą Benchmark simulations with experimental results, refined assumptions made to then extrapolate

Ą Determine the contribution of the different elements in term of stability

https://indico.cern.ch/event/1516427/
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Synchrotron radiations absorbers and shielding

FLUKA model of FODO cell (ZH, ttbar)

Courtesy A. Letchner

https://indico.cern.ch/event/1457353/
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Simulation with geometry updates

Iteration on SRA and shielding design

Courtesy A. Lechner, B. Humann

Å 2mm steel casing enclosing the central part of the lead antimony alloy 

shielding

Å 8mm diameter cooling pipes at the vertical center with a 1mm thick wall

Advantages

Å High-performance  shielding

Disadvantages:

Å Complex geometry around the winglets

Å Space constraints when including cooling channel and 2mm iron 

casing

Å Decreased cross section of busbars and cooling channel 

Å No shielding around the winglets to simplify shielding geometry

Å Enlarged photon absorber geometry (ȹy=3cm to ȹy=6.3cm)

Advantages

Å simpler shielding

Å Reduce cost

Disadvantages:

Å Higher impact on busbars

Å Less shielding material, so higher dose levels expected in the tunnel

Present SRA design: with internal shielding Alternative design: shielding only outside

https://indico.cern.ch/event/1534757/
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Synchrotron radiations absorbers and shielding

Dose level in the cross section (ttbar)

At the cable tray locations, the dose levels have risen 

back to ~10kGy from previously well <10kGy

Photon stoppers: 

up to 4kW  (mostly between 2.5-3.5kW), around ~1kW more than with 

previous design due to larger volume

Less power on the shielding

High impact on dipole busbar
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Synchrotron radiations absorbers and shielding

Update on vacuum design

Geometry: 
Å Tube with two winglets

Å 2 mm thick, 70 Ą 60 mm ID (vacuum conductance reduced from ~ 50 l.m/s to ~ 30 l.m/s, compared to the 100 l.m/s of the LEP chamber) 

Material: OFS Copper
Å Good thermal conductivity and low electrical resistivity

Å Shielding for the X-Ray synchrotron radiation fan and minimizing the irradiation of machine and tunnel components

Surface treatment: thin (200 nm) NEG coating 
Å Distributed pumping speed

Å Low SEY

Å Quick vacuum conditioning

Lumped SR photon absorbers:
Å Distanced by about 5-6 m

Lumped pumps: 
Å no need for a systematic installation in vicinity of the absorbers Ą1 or 2 per cell

Courtesy C. Garion, M. MorroneVacuum chamber 60 tons of cooper

https://indico.cern.ch/event/1298458/contributions/5978899/
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Synchrotron radiations absorbers and shielding

Update on vacuum design

Gaussian distribution of Radiation Power Density obtained with SynRad+ by 

R. Kersevan for each saw tooth

ÅPeak Power Density: 

74.6 W/mm²

ÅMaximum Power absorbed per absorber:

4.5 kW

Most of the radiation is intercepted perpendicularly by the inner side of the 

saw tooth surface, that, by its orientation, diminishes the reflection of the 

radiation back to the vacuum chamber.
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Update on RF configuration

Courtesy Frank Peauger, ATDC 22-04-24

Staging Z-W-H and ttb

Å New very attractive FCCee RF baseline which simplifies the SRF system configuration, with 

only 2 types of cavities.

Å Specifications for cavity performances are challenging �± high Q 0, high Eacc �± for cost 

optimization.

Å Encouraging test results obtained 400 MHz with HiPIMS Nb/Cu coating �± will be improved with 

seamless and electropolished cavities (verified at 1.3 GHz).

Å Doping of bulk Nb will be tried at 800 MHz with US labs (5 single cell cavities under 

fabrication).

Å Nb3Sn is a game changer �± requires strong R&D.

Å Significant effort on SRF infrastructures upgrades (clean rooms, cold testing capabilities).

Å Other studies on -going �± not mentioned here : cryomodules, RF couplers, Nb/Cu at 800 MHz, 

non - �P�H�F�K�D�Q�L�F�D�O���I�U�H�T�����W�X�Q�H�U�����P�D�J�Q�H�W�L�F���I�O�X�[���H�[�S�X�O�V�L�R�Q�����6�:�(�/�/�«

SRF new baseline with Reverse Phase Operation (Z-W-ZH)

https://indico.cern.ch/event/1436392/

