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Topics covered

FCCee IR Status:

Magnets

Cryostats

Comparisons to SuperKEKB (ongoing)

Comparisons to CEPC (TDR in December 2023)

Tasks for 2024-2025

Thank you for help from:

P. Borges de Sousa, M. Boscolo, S. DeBarger, A. Foussat, M. Koratzinos, A. Novokhatski, N. 

Ohuchi, B. Parker, P. Raimondi, M. Sullivan, F. Zimmermann, …
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Nominal FCCee magnet raft and cryostat 

(M. Koratzinos, …)
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FCCee IR magnet longitudinal locations, lengths, and strengths (K. Oide)

Present separation of QC1 to QC2 is 30 cm.

New Raimondi lattice has separation at 1.5 m.

K. Oide is available to discussion any needed changes. P. Raimondi’s lattice 

has more space from QC1 to QC2.
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Alternative IR Solenoid Compensation Scheme
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FCCee IR SC CCT magnet QC1 tests (Fall 2023) (M. Koratzinos …)
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SC CCT QC1 quadrupole field measurements (M. Koratzinos …)



IR QC1 and QC2 in different cryostats but one integrated raft (not to scale)

Need to make space for cryogens, leads, and cantilever supports.

3.36 

m

QC1-

1

QC1-2 QC1-3 QC2-1 QC2-2

2.58 m~1.5 m

2.2 m to IP

FCCee IR Cryostat (preferred option):
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Needed functions for the space between QC1 and QC2

1) Beam pipes  (cold vs warm)

2) e+ and e- BPMs (radial space)

3) Cantilevered supports (many forces)

4) Detector shielding near beam pipe (backgrounds and magnet quenches)

5) Vibration mitigation and control (orbit control)

6) Two cryostat end caps, cryogenic ports, disconnects (cryogen flow, heat load)

7) Magnet leads (warm to cold)

8) Alignment (internal positioning, remote)

9) Instrumentation (what to measure and how)

10) Remote operation flange controls and access (design, safe operation)

11) Vacuum disconnects (locations)

12) Assembly strategy (order of installation)

13) Cool down radial differential movements (Dr/r ~3x10^-3, 0.5 mm movements)

14) Cables  (routes, numbers)
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Some cryo-stat dimensions

Cross section

views

M. Koratzinos, M. Boscolo



IR Magnet Cross Section View (front and end of each magnet)

Showing separated heat shield and vacuum vessel.

•

Magnet coils

Beam vacuum walls

Cryostat vacuum walls

Cryostat He walls

And heat shield walls

Beam centroids

J. Seeman November 2023

.
Cryostat outer

support
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Initial ideas on QC1 Cryostat (P. Borges de Sousa …) (November 2023)



IR cryostat component dimensions 
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Radial distances from Detector Solenoid axis to Beam axis for QC1A/B
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Radial distances from beam location to outer cryostat wall at QC1A/B
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First look at IR accelerator 1.9 deg cryo-plant (P. Borges de Sousa…)
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Inner He vessel in cryostat may crush if quench or vacuum loss

Water pump pulled  ~1 Bar pressure on water tank at SLAC causing it to crush. 

Example at SLAC of thin-walled water chamber:
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Options to make the QC1/QC2 radial and longitudinal space issues more conservative

A) Keep layout as in present optical lattice and present cryostat design

Beam pipe “welded” into cryostat as the inner wall. (Solve vacuum design issues)

Likely increases the cryogenic heat load. 

B) Keep the IP crossing angle the same and move magnets outward (~0.8 m)

Move QC1 away from IP about 0.8 m. (2.2 m to 3.0m)

Move QC2 away from IP about (0.8 +1.2 =) 2.0 m. (5.86 m to 7.86 m)

Minimum betay* increases a little.

C) Increase full crossing angle from 30 mrad to 40 mrad:

Move QC1 away from IP about 0.03 m. (2.2 m to 2.23 m) (add a Lumi-Cal gap)

Move QC2 away from IP about (0.03 +1.2 =) 1.23 m. (5.86 m to 7.09 m)

Quadrupole strengths are reduced. Minimum betax* increases. Luminosity the same.

Beam line components move transversely in the tunnel for both beams.

Wider tunnel in some locations.

D) Reduce the field overhead in the SC magnet design (presently ~30%).

Saves radial space at QC1A/B/C.

Reduces the magnet reliability.

E) Find radial space for background heavy metal shield (~5 mm) between beam chamber and magnet → New design
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SuperKEKB IR Cryostats
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For comparison: SuperKEKB IR SC Magnet System

Norihito Ohuchi (2013): “IR SC magnet system

is the most important and complicated 

hardware in SuperKEKB.”

SuperKEKB IR SC magnets: 

8 quadrupoles, 4 solenoids, 43 correctors
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SuperKEKB IR Cryostat
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CEPC IR magnets and cryostats (Dec 2023)
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CEPC IR magnet specifications (Dec 2023)
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CEPC IR 6.8 m cryostat (Dec 2023)
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CEPC IR cryostat details (Dec 2023)
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CEPC: Iron shields around QC1a for cross-beam field reduction

Beam apertures

CCT magnets

can be built with

with compensation.

Needs verification.
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Comparisons of IR features for FCCee, CEPC, ILC, SuperKEKB

Machine FCCee CEPC ILC SuperKEKB

Crossing-angle mrad 30 33 14 83

L* m 2.2 1.9 3.5 0.935

L* x Cross-angle mm 66 63 49 78

Vertical by* at IP mm 0.7-1.6 0.9-2.7 0.4 0.3

Detector soln field T 2/3 3 3.5/5 1.5

Detector stay clear mrad 100 118/141 90 350/436

He temperature K 1.9 4.2 4.5 4.5

QC1s side-by-side Yes Yes No No
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Suggested focus topics for FCCee MDI and IR magnets for 2024-2025

1) Add inner background shielding: W, Ta, or Cu inside magnets in cryostat (Dr?)

2) Resolve new IR lattice vs present: QC1,QC2 placement and anti-solenoids

3) Make initial cryostat design (4 or 7 m) by cryogenic/mechanical engineer(s)

4) Answer if IR magnets need higher-order trim coils

5) Confirm 100 mrad detector-accelerator cone angle

6) IR BPMs and other diagnostics

7) Full list of magnet, vacuum, and cryogenic specifications

8) Converge on background mask geometry 

9) Make initial layout of magnet/cryogenic splice box

10) Construct a left and right CCT magnet pair for QC1 and test

11) Carry out warm test of CCT quadrupole for reduced left-right field cross-talk

12) Design remote vacuum flanges (need 6 flanges with 2 designs)

13) Radial differential movements during cool down
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Thank you for your attention!

Again, thanks to many people for their inputs!



Second option: IR QC1 and QC2 in one cryostat and raft (not to scale).

CEPC has adopted this option (Dec 2023).

6.24 

m

QC1-1 QC1-2 QC1-3 QC2-1 QC2-2

2 m

Cryo

Support
 IP 2.2 m
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Overall SuperKEKB IR Layout
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KEKB Cryo-plant Layout
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ILC IR magnets (2013)



34

ILC IR magnet locations (2013)
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ILC cryostat details (B. Parker et al)


