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• 4 April 2022: Pre-engineering design review and roadmap discussion for FCC-ee IR magnets
Chaired by John Seeman https://indico.cern.ch/event/1139384/

• 22 November 2024: MDI mini-workshop on IR, MDI, Magnets, Cryostats
Chaired by John Seeman https://indico.cern.ch/event/1477819/

• 14 May 2025: Meeting on detector magnet specs for screening solenoid design 
IDEA detector: https://arxiv.org/abs/2502.21223

• Today objectives: restart the discussion to continue the activity for the pre-TDR phase
• New clearances at QC1 thanks to larger L* (2.4 m instead of 2.2) à impact to cryostat dimensioning
• Updated GHC/LCC IR optics 
• Local and non-local compensating solenoids
• IR correctors for IP tuning

Introduction

https://indico.cern.ch/event/1139384/
https://indico.cern.ch/event/1477819/
https://arxiv.org/abs/2502.21223
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Agenda
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On the final focus quadrupoles design 
• Small distance of coils at first segment of QC1L1
• Need space for skew correctors winding to be added around QC1
• Need to allow few per cents of different strength of the FFQ
• Cryostat has to fit in the crowded MDI region

5

minimum distance between the magnetic 
centers of e+/e- for QC1L1 is (only) 66 mm

M. Koratzinos

Need a firm mount of:
• cold mass containment shell
• heat shields
• internal support structure 
• outer cryostat shell
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FCC-ee IR optics design
Flexible design with  final focus doublet 

in slices to adapt for the different beam energies
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GHC K. Oide

(see later for 
the  most
updated plots)

Inner radius apertures: 
15 mm for QC1
20 mm for QC2 à 25 mm normal conducting option possible for LCC
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Compensating solenoids

https://doi.org/10.1140/epjti/s40485-025-00117-3

https://doi.org/10.1140/epjti/s40485-025-00117-3
https://doi.org/10.1140/epjti/s40485-025-00117-3
https://doi.org/10.1140/epjti/s40485-025-00117-3
https://doi.org/10.1140/epjti/s40485-025-00117-3
https://doi.org/10.1140/epjti/s40485-025-00117-3
https://doi.org/10.1140/epjti/s40485-025-00117-3
https://doi.org/10.1140/epjti/s40485-025-00117-3
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Backup material
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• Critical IR cryostat driver, as it defines the basic outer envelope of the cryostat 

• But back to the FCC-ee anti-solenoid…. we can “soften” (spread out longitudinally) the Bz transition from the full 
detector field to the fully compensated field overlapping the IR quads if that would be helpful and thereby alter 
the radial fields that beams go though due to the crossing angle; this should (we believe) have some impact on 
the emittance hit due to the detector solenoid which we would hope to minimize.

• My hope, especially if we can settle on the non-local compensation scheme, is that we can free up critical space 
in the “nose region” of the cryostat for necessary mechanical structure without intruding into the experimental 
acceptance (too much…).

Screening solenoid design
Brett Parker
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The green highlighted 
region is a new Nb2Sn 
quadrupole KEK is 
collaborating with Fermilab 
on.

Red highlighted region:  
where BNL must fit all the 
new Direct Wind correctors 
in the interconnect region 
between the IR quadrupole 
doublet elements (e.g. b1, 
a1, a2, a3 and b4 coils).

anti-solenoid
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Detector and machine constraints on cryostat

The main parameters for the IR cryo-magnet system are:

• <100 mrad cone 
This requirement was set at the CDR, need to be 
reconfirmed by physics

• Vertex and detector acceptance |cosq <0.992| might be an 
upper boundary (120 mrad)

100-110 mrad debatable
not more than 120 mrad

• z (cryostat) >1.2 m (need to be checked with services)
• Crossing angle 30 mrad

Value set at the CDR

• Beam pipe diameter at QC1 30 mm

• L* = 2.2 m à 2.4 m  new!

100 mrad
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Nonlocal Solenoid Compensation Scheme 

Skew quadrupolar components in the FFQs align the 
magnet axis to the rotated reference frame of the beam 

Two Compensating Solenoids at about ±20 m 
from the IP  cancel the longitudinal field integral 

Dipole Correctors right after the beam pipe separation and around the FFQs  compensate 
the orbit distortion generated by the horizontal crossing angle in the detector field

A Screening Solenoid shields the Final Focus Quads

Details in: IPAC2024- TUPC68, “Alternative Solenoid 
Compensation Scheme for the FCC-ee Interaction region”,
A. Ciarma, M.B., H. Burkhardt, P. Raimondi: link

• This solution is optics independent.
• The tuning knobs -correctors and skews- are needed for orbit and coupling correction for all optics. 

1.5m

https://doi.org/10.18429/JACoW-IPAC2024-TUPC68
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Nonlocal scheme: table of correctors and skew quads

13

A. Ciarma
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IR beam pipe

P = 54 W
Tmax (chamber) = 29°C
Tmax (paraffin) = 20°C

P = 160 W
Tmax (chamber) = 50°C
Tmax (water) = 18°C

105 mrad

50 mrad

Clearance: Asymmetric cooling system for 
the lumical acceptance window 
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Survey
Courtesy by H. Burkhardt

~9.5 m

~7 m

Local – K. Oide Nonlocal – LCCO
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Canted Cosine theta (CCT) design

SC Final Focus quadrupole QC1

Quadrupole with embedded local edges correction and 
crosstalk correction
Pros:
• Excellent field quality
• The design can have embedded correctors

M. Koratzinos

Some of the open questions related to the IR magnets design:
Required field stability, field quality, cross-talk compensation, required IR correction coils
required shielding for magnet protection and for beam losses, magnet and vacuum chamber supports.
List of requirements for the overall IR magnets will help to move to the next level of design. 

QC1L1

NbTi, radius aperture 20 mm

slide from FCC WEEK 2022
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LCCO Final Focus - Impact to IR design
• The Final Focus is optimized to have the largest possible 

beam stay clear (BSC) and minimum losses in the final 
focus system and all the way through the IR

Beam Stay Clear

M. Hofer, link
173rd Optics meeting

Z-pole

ttbar

Preliminary aperture model same as baseline, 
r=35 mm everywhere, but: r=15 mm at QC1; r=20 mm at QC2
Bottlenecks:
• baseline Z: 14.5 sx / ttbar: 14.4 sx

• LCCO      Z:  31 sx / ttbar: 20 sx

Survey Layout

https://indico.cern.ch/event/1335889/contributions/5630374/attachments/2737419/4760694/MH_HFD_DA_MA.pdf
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Services integration challenges

NEG PUMP

= Outlet cooling
= Inlet cooling
= Electric cables

= Nitrogen pipe
= Coaxial cable
= Signal cable

There are two problematic areas for the 
services integration: 

• Interface with the cryomagnetic 
system.

• Interface between the vacuum chamber 
and the vertex detector. 
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The idea is to use a stiff skeleton which will 
replace the very heavy cryostat.
All load bearing capability will rely on this 
skeleton

M. Koratzinos

compensating solenoid screening solenoid

FCC-ee Cryostat sketch concept

This is what is presently implemented in the 
CAD for the cryostat
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Central beam pipe

Inlets/outlets  for the paraffin cooling 
circuit housed in a double layer

Beam pipe 
0.68%X/X0 @ 90º

Inner radius 10 mm
Material thickness

AlBeMet162
(62% Be  and 38% Al alloy)

0.35 mm 

Paraffin (PF200) 1 mm
AlBeMet162 0.3 mm

Au 5 µm
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Luminosity calorimeter 


