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Topics developed throughout the talk

1. Reminder: CDR cryo design (now obsolete) for the –ee machine (layout, cryo points 
location, heat loads from RF)

2. Recent update on the layout and on the heat loads from the RF / impact on the cryo
design in terms of integration, cooling needs and infrastructures modification / 
proposed solutions

3. Upcoming objectives and tentative timeline to issue the feasibility report by end of 2025

4. Spare slides: quick availability study for the –hh configuration 
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2Laurent Delprat2022-06-02 / FCC Week 2022



3

1. FCC-ee conceptual design
Cryogenic layout 4
Distribution lines 5
Helium inventory and electrical consumption 6

2. Latest developments
Updated accelerator layout 7
Revised RF heat loads and layout 8
FCC-ee cryogenic design update 10
Cryogenic cooling scheme for cavities 18

3. Cryogenics work organization
Upcoming objectives and associated timeline 20

Conclusion 
Perspectives 21

Spares
Cryogenic availability study for FCC-hh 31

Table of content

Laurent Delprat2022-06-02 / FCC Week 2022



FCC-ee conceptual design
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• Refrigeration plants wrt machine
• Z, W: 1 cryoplant
• H: 2 cryoplants
• ttbar: 4 cryoplants

• Technical sites wrt machine
• Z, W: 1 technical site
• H, ttbar: 2 technical sites

• SRF straight sections in PD & PJ
• Each of them 1.4 km long i.e. cryogenic 

distribution on the equivalent length
• “Staging” of the QRL (see next slide)

General layout of the cryogenic system

≈ 250 m 
@ 4.5 K

≈ 450 m 
@ 2K

Technical feasibility confirmed with industrial 
partners during phase 1 of the study

≈12kW @ 2 K over ≈500 m with a QRL of DN850 
for 1 cryoplant

Half-LSS of 700 m



Cryogenic distribution line

FCC-ee conceptual design
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• Machines Z, W, H
• 4 internal lines (C, D, E, F)
• DN650

• Machines ttbar
• +2 internal lines for 30 mbar 

pumping of 800 MHz cavities 
= 6 internal lines in total

• DN850
B

C

D

E

F

DN750DN850

C D

E

F
DN550

DN650



Helium inventory and electrical consumption

FCC-ee conceptual design
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• Total helium inventory of ≈ 26 t for ttbar 
machines (40 kg of He per cryomodule)

• Required electrical power varies
• from 1 MW for the Z machine
• to 50 MW for ttbar2 machine

• 250 m3 medium-pressure (20 bar) storage 
tanks located in PD & PJ



Civil engineering

Updated accelerator layout
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• Quasi-circular tunnel, diameter 5.5 m, depth ≈ 300 m (deepest shaft 399 m!), slope < 1%

• Arc segments & straight sections

• Circumference of 97.75 km

• Surface sites: 12

Courtesy F. Valchkova

6 m in RF sections
of points L & H

91.17 km
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Courtesy J. Gutleber

RF point

RF point Early Feb’22!



Heat loads

Revised RF layout and heat loads for FCC-ee
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• Updated May 24th’22:

• Number of cryomodules
• Heat loads per cryomodule
• Cryomodules arrangement 

along the ring
• Cryogenic cooling 

distribution (400 & 800 
MHz collider cryomodules 
are geographically 
separated)

Courtesy F. Peauger
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Courtesy F. Valchkova



FCC-ee cryogenic heat loads update
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Point L Z W H ttbar
Thermal shields

[50 K – 75 K]
2.7 kW 5.4 kW 7.7 kW 14.6 kW

Cryomodules @ 4.5 K 3 kW 40.8 kW 51.5 kW 51.5 kW
Cryomodules @ 2K 0.2 kW 0.7 kW 1.7 kW 15.8 kW

Total equivalent @ 4.5 K
(Including 30% margin)

5 kW 57 kW 73 kW 140 kW

Point H Z W H ttbar
Thermal shields

[50 K – 75 K]

NO CRYO
9.0 kW

Cryomodules @ 4.5 K N/A
Cryomodules @ 2K 15.8 kW

Total equivalent @ 4.5 K
(Including 30% margin)

75 kW



FCC-ee cryoplants and electrical power update

11Laurent Delprat2022-06-02 / FCC Week 2022

Point L Z W H ttbar

# of cryoplants 1 1 1 2
Installed capacity @ 4.5K

(per cryoplant)
6 kW 60 kW 75 kW 75 kW

Included capacity @ 2K
(per cryoplant)

0.5 kW 0.9 kW 2.2 kW 11 kW

Nominal elec. Power
(in total for point L)

1.3 MW 12.6 MW 15.8 MW 31.5 MW

Point H Z W H ttbar

# of cryoplants

NO CRYO

2
Installed capacity @ 4.5K

(per cryoplant)
38 kW

Included capacity @ 2K
(per cryoplant)

11 kW

Nominal elec. Power
(in total for point H)

16 MW



FCC-ee helium inventory update
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ØTotal helium inventory for FCC-ee (ttbar) = 24 tons

Point L Z WW ZH ttbar

Cryomodules 1.4 tons 2.7 tons 3.8 tons 7.2 tons
Distribution 4.9 tons 4.9 tons 4.9 tons 4.9 tons

Cryoplants 1 ton 1 ton 1 ton 2 tons
Total 7.3 tons 8.6 tons 9.7 tons 14.1 tons

Point H Z W H ttbar

Cryomodules

NO CRYO
4.4 tons

Distribution 3.8 tons
Cryoplants 2 tons

Total 10.2 tons



QRL Header Diameter (mm)
A 80

B 320

C 120

D 200

E 80

F 80

Vacuum jacket 400MHz 550*

Vacuum jacket 800 MHz 750*

* +100 mm for bellows and flanges

QRL cross section for 400 MHz cryomodules

QRL cross section for 800 MHz cryomodules

Point L cryogenic layout (ttbar)
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Point H cryogenic layout
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3 different options studied due to access pit location geographical constraints

• Option 1: all cryo installed in a dedicated cavern at the LSS center

• Option 2: half of cryo installed in a dedicated cavern at the LSS center

• Option 3: all cryo installed in the usual service cavern

Ø See next slides
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Point H option 1: all cryo in a dedicated cavern at the LSS center
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Best option for cryo
è Allow redundancy between cryoplants as in Point L
è Accessibility of cryo equipment ensured
è Minimize QRL length and pumping lines as in CDR (550m each side)

Very Strong impact for civil engineering
è Extra tunnel 9m diameter over 800m to transport cryoplants
è Very large cryo cavern to build in the middle of LSS

QRL Header Diameter (mm)
A 80

B 320

E 80

F 80

Vacuum jacket 650*

* +100 mm for bellows and flanges QRL cross section (both sides)

139 m



Point H option 2: half of cryo in a dedicated cavern at the LSS center
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Compromise for cryo
è No redundancy possible between cryoplants
è Accessibility of cryo equipment ensured
è Minimize QRL length and pumping line (550m for right side, 850m for left side)
è Slightly longer QRL for LSS left (need to enlarge a bit the QRL)

Strong impact for civil engineering
è Extra tunnel 9m diameter over 800m to transport cryoplants
è Large cryo cavern to build in the middle of LSS

QRL Header Diameter (mm)
A (left/right) 100/80

B (left/right) 400/320

E 80

F 80

Vacuum jacket
(left/right)

800/650*

* +100 mm for bellows and flanges

QRL cross section for left side

QRL cross section for right side

139 m



Point H option 3: all cryo in the usual service cavern
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Compromise for cryo
è Allow redundancy between cryoplants as in Point L
è Accessibility of cryo equipment ensured
è Much longer QRL length (1400m) è larger QRL diameters
è Need to separate pumping lines for the 2 cryoplants

Medium impact for civil engineering
è No extra tunnel/cavern to build
è Need to enlarge the LSS tunnel because of a larger QRL

QRL Header Diameter (mm)
A1/A2 100/120

B1/B2 400/460

E 80

F 80

Vacuum jacket
(left/right)

1200/900*

* +100 mm for bellows and flanges

QRL cross section for right side

QRL cross section for left side

139 m



Cryogenic cooling scheme for cavities bath at 4.5 K 
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J-T

LTPT

EH TT

SV RD

4.5 K Supply line (C)

Return line (D)

Thermal screen supply line (E)
Thermal screen return line (F)

Thermal screen and intercepts

Nota 1: depending on design of the cryomodule additional cool down/warm up circuit can be installed on the bottom of the helium tank.

This scheme relates to Point L infrastructure.

Design of the cryostat will require close
collaboration between SY-RF and TE-CRG to
optimize for:
- Thermal heat load,
- stability of operation parameters,
- and helium inventory.



Cryogenic cooling scheme for cavities bath at 2 K 
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J-T

LTPT

EH TT

SV1 RD

2.2 K Supply line (A)

Return VLP pumping line (B)

Thermal screen supply line (E)
Thermal screen return line (F)

Thermal screen and intercepts

SV2

Helium guard 
supply (~0.1 barg)

Nota 1: depending on design of the cryomodule additional cool 
down/warm up circuit can be installed on the bottom of the 

helium tank. 
Nota 2: all not welded sub atmospheric interfaces with external 

environment must be helium guarded. 

This scheme relates to Point L and H
for all cavities cooled with superfluid
helium at 2 K.

Optimization remarks for 4.5 K are
fully applicable for 2 K option, special
effort to be done for 2 K heat load or
a reason of cold compressor
size/capacity optimization.



Main deliverables and overall timeline

Objectives of the second study phase (‘21-’25)
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Courtesy M. Benedikt



Conclusion and perspectives
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• There has been an important update of the process data since CDR was published, 
which impacted directly the design of the cryogenic infrastructure

• Three solutions were proposed for the update of the cryogenic infrastructure for FCC-ee
configuration in point H, while in point L one solution complies with all requirements

• Organization of the cryogenic work has been consolidated in terms of structure and 
manpower

• Next steps:
• Complete the update of the cryogenic design for FCC-ee
• Address the impact of the new accelerator layout on the FCC-hh configuration
• Start the preparation of the feasibility report



Thank you 
for your attention.

2
2
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SPARES
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1. FCC-EE CONCEPTUAL DESIGN
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Civil engineering

• Quasi-circular tunnel, diameter 5.5 m, depth ≈ 300 m, tilt < 1%

• Arc segments & straight sections

• Circumference of 97.75 km

• 12 new surface sites

FCC-ee conceptual design
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Courtesy F. Valchkova



FCC-ee conceptual design
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Main considerations

• FCC-ee is designed for 4 physics working points:
• Z, W, H and ttbar1 & 2

• Staging of these 4 machines requires a gradual increase of the number of SRF 
modules (as well as the accelerating frequency), hence a staging of the cryogenic 
system

• 400 MHz SRF cavities to be operated in LHe(sat) bath @ 1.3 bar / 4.5 K

• 800 MHz SRF cavities to be operated in LHe(sat) bath @ 30 mbar / 2 K



Temperature levels

FCC-ee conceptual design
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• 50 – 75 K for the thermal shield as major heat 
intercept

• 4.5 K normal saturated helium for the cooling of 
400 MHz SRF cavities

• 2 K superfluid saturated helium for the cooling of 
800 MHz SRF cavities

Steady-state heat loads in FCC-ee

(nominal conditions)

Nominal cooling capacity per cryoplant

(incl. operational margin factor of 1.3)



2. LATEST DEVELOPMENTS
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General cryogenic constraints

Revised RF layout and heat loads for FCC-ee
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• Maximum extractable heat load at 2 K through a QRL DN850 over a distance of 500 m is 
≈ 12 kW per cryoplant (technical feasibility confirmed with industrial partners during phase 
1 of the study)

• 2 K pumping units shall remain as close as possible to the 800 MHz cryomodules / big 
impact of the cryogenic distribution length on the pressure drops in line B



From the CDR to 2022 update

Revised cooling water needs for FCC-ee
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• 2019 CDR: 
• Underground areas: 1.8 MW for point D /// 1.8 MW for point J

Ø (2 * 12 kW @ 2 K installed at each point)
• Surface areas: 27 MW for point D /// 27 MW for point J

Ø (2 * 21.4 kW @ 4.5 K installed at each point)

• 2022 update:
• Underground areas: 1.8 MW for point L /// 1.8 MW for point H

Ø (2 * 11 kW @ 2 K installed at each point)
• Surface areas: 95 MW for point L /// 48 MW for point H

Ø (2 * 75 kW @ 4.5 K installed at point L, …
Ø … and 2 * 38 kW @ 4.5 K installed at point H)

PA (Experiment site)

PG (Experiment site)
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Technical
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experiment
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Technical

or
experiment
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TLSS = 2160 m TLSS = 2160 m

TLSS = 2160 m

ELSS = 1400 m

ELSS = 1400 m
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Arc length = 9616.586 m
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Azimuth = -10.75°

RF points
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Cryogenic availability for FCC-hh
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LHC Cryo Availability
2010 94.8%
2011 93.3%
2012 95.5%

2015 95.3%
2016 98.6%
2017 97.9%
2018 97.0%

AVERAGE 96.1%

RUN 1

RUN 2

LS1

Observed availability Expected availability
1 sector 99.5% 99.5%

LHC 8 sectors 96.1% N/A
FCC-12P 10 cryoplants N/A 95.1%
FCC-8P 16 cryoplants N/A 92.3%

From LHC experience

8 sectors of 3.3 km each (LHC)

Maximum expectable cryogenic availability
of 92 %

if we have 16 cryoplants installed in 8 access points !



Cryogenic availability for FCC-hh, update from CDR
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• From 12 to 8 surface access sites

• From 97.75 km to 91.17 km of circumference

• Sectors length increased from 10 km to 11.4 km 
(-hh configuration)

• Challenges:
• Distribution length increase by ≈ 10%

• CDR: capacity of one 10-km-long sector cryogenic plant 
equivalent to ≈ 110 kW @ 4.5 K

• Need to assess the possibility to go for a “LHC-like” 
configuration with only 8 cryoplants in 4 technical sites

Impact on Cryogenic Availability !
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PG (Experiment site)
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ELSS = 1400 m

ELSS = 1400 m

ELSS = 1400 m
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Technical site
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Technical site
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Azimuth = -10.75°

Courtesy J. Gutleber

Early Feb’22!

11.4 km



3. CRYOGENICS WORK ORGANIZATION
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FCC Study Phase II Organization & Cryogenics Group involvement

• Technical Infrastructures:
• L. Delprat

• Technology R&D:
• Cavities:

• K. Brodzinski, L. Delprat
• Magnets:

• R. Van Weelderen, P. Tavares

• Detectors concepts:
• J. Bremer, C. Fabre

Organization of the cryogenics work
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6 pillars

Courtesy M. Benedikt

TIWG



Organization of the cryogenics work
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Technical Infrastructures Working Group (TIWG)

• Chaired by Klaus Hanke (CERN / ATS-DO)
• 10 different work packages (WP)
• Cryogenics systems: WP4.6



WP4.6 Structure
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WP4.6
Lead: L. Delprat

Co-lead: K. Brodzinski

WU1
Impact of the machine 
layout on cryogenics

WU2
Cryogenic production 
infrastructures design

WU3
Cryogenic distribution 
& RF cavities design

WU4
Integration of the 
cryogenic system

WU5
Cryogenic process 
refinement

WU6
Cryogenic control 
system requirements

WU8
Cryogen’s inventory & 
storage management

WU9
Reliability, availability & 
maintenance 

WU10
Cryogenic safety 
aspects

WU11
Feasibility Study 
Report preparation

L. Delprat

L. Delprat

K. Brodzinski

B. Naydenov

B. Bradu

B. Bradu

L. Delprat

B. Naydenov

K. Brodzinski
P. de Sousa

B. NaydenovL. Delprat

B. Naydenov

L. Delprat

M. Pezzetti

L. Delprat

WU13
Pillar “Experiments”
Detectors conceptsC. Fabre

J. BremerWU12
Pillar “Accelerators”
Magnets R&D

R. Van Weelderen
P. de Sousa

B. Naydenov

B. Naydenov

WU7
Cryogenic instrum. and 
radtol electronics

B. Bradu
M. Pezzetti

Technical
Infrastructures

Technology R&D
Acc. & Det.


