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Agenda

• The CERN Accelerators Complex

• Helium Refrigeration Capacity at CERN

• Main Use of Helium Cryogenics

• The CERN LHC Accelerator Cryogenics

Cryogenic system layout, Constraints, Architecture, Cooling principle, 

Cryogen Distribution Lines & Measured Heat Loads, 4.5 K and 1.8 K 

Cryogenic Plants

• Management of Cryogen at CERN 

• Storage, Distribution

• Brief report from the first 3-years LHC Physics Run

• Operation, Cryogen Inventory Management

• Conclusions (Summary) High objective: attempt to be useful to ILC 

strategic decisions on cryogenic system & cryogen storage implementation
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CERN: Accelerators Complex
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LHC  accelerator
Cooling at 1.9 K of 
the superconducting 
magnets (36’000 t of 
cold mass) distributed 
over the 26.7 km 
underground 
accelerator

LHC physics detectors
ATLAS, cooling at 4.5 K 
of the superconducting 
magnetic system (1’275 t 
of cold mass)
CMS, cooling at 4.5 K of 
the superconducting 
solenoid (225 t of cold 
mass)

Use of Helium Cryogenics (1/1)
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CERN wide helium refrigeration systems for:

Test benches for accelerator magnets, cables and wires, RF cavities

Detectors’ components tests (magnets and sub-detectors)

Large magnetic spectrometers for fixed target physics experiments

Cryogenic laboratory test  bench facilities

In situ helium liquefaction for users without dedicated cryogenic plant

Use of Helium Cryogenics (2/2)
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Cryogenic power at CERN (1/2)

“250 W/W = 55 MW ”

kW

Year
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The LHC accelerator helium cryogenics 

accounts for 144 kW @ 4.5 K at the present phase



CERN(LHC) vs ILC Japan Cryogenic Systems, CFS  Workshop at CERN, 27-28 August 2015

Cryogenic power at CERN (2/2)



Cryogenic Installations at CERN
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The LHC Cryogenic System

The LHC cryogenic system consists of 

8 cryogenically independent sectors, 

each 3.3 km long, all cooled and  

operated at 1.9 K
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LHC cryogenic system layout
5 cryogenic islands

8 helium cryogenic plants: 

1 cryoplant plant serves 1 sector 

(18 kW @ 4.5 K, 2.4 kW @ 1.8 K and 

600 kW LN2 precooler) 
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Constraints of the LHC cryogenic system
• Use of the existing LEP accelerator tunnel

 3.8 m diameter (in arcs)

 3.3 km-long sectors

 deep underground with limited access shafts and technical service areas

 1.4 % slope and elevation differences (hydrostatic heads)

 suburban and rural region

• Recovery & Upgrade of LEP cryogenic infrastructure

 4 helium cryoplants of 12 kW @ 4.5 K, upgraded to 18 kW

 piping and storage vessels
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Infrastructure at LHC technical area

Helium storage tanks

Compressors

Cold Box close to 
access shaft

Powering sub-station

Cooling towers

Typical LHC surface Point
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LHC Surface Buildings (Technical)
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LHC Surface Buildings (Technical)

Extracted from the

“Etude d’impact du LHC”

part of the

“Déclaration d’Utilité

Publique”

LHC Point 6
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Power cooling HVAC basic input

Cryoplant-Unit basic parameters:

• Power:
20kW@4.5K x 250 W/W => 5 MW power input

• Cooling:
5MW / [ 8C (x Cp)] => 540 m3/h

• HVAC:
5MW x 4% => 200 kW

250 W/W  - 8C  - 4%
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Typical LHC architecture
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General architecture of the LHC cryogenic system

Large scale Cryogenic Plants & 

Large scale of Transfer Lines for Cryogen Distribution
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Superfluid helium cooling principle
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Normal operating conditions
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High thermodynamic cost of the refrigeration at 1.8 K: intercept the largest fraction of heat loads at higher and staged levels of temperature:

- 50 K to 75 K for thermal shield: first major heat intercept, protecting the cold mass from the bulk of heat in-leaks from ambient

- 4.6 K to 20 K: lower temperature heat interception and cooling of the beam screens protecting the magnet cold bore from beam-induced loads

- 1.9 K quasi-isothermal superfluid helium for cooling the magnet cold mass

- 4 K at very low pressure (VLP) for transporting the superheated helium flow coming from the distributed 1.8 K heat exchanger tubes across the

sector length to the 1.8 K refrigeration units

- 4.5 K normal saturated helium for cooling special superconducting magnets in insertion regions and HTS current leads

- 20 K to 300 K cooling for the resistive upper sections of HTS current leads



CERN(LHC) vs ILC Japan Cryogenic Systems, CFS  Workshop at CERN, 27-28 August 2015

Cryogen distribution line: 

QRL Layout and Cross-Section 
 8 QRL sectors (8 x 3.3 km)

 Each QRL sector

• continuous cryostat of 

~3.2 km length: from the cryogenic 

interconnection box to the return 

module

• connection to the superconducting 

magnets every 107 m  

QUI

LSS
DS DS

LSS

QRL

RM

DS = Dispersion Suppressor
LSS = Long Straight Section
RM =  Return module

QUI = Cryogenic interconnection box

QRL: = 610 mm (4 headers)

QRL: = 650 mm (5 headers)

arc

QUI

LSS
DS DS

LSS

QRL

RM

DS = Dispersion Suppressor
LSS = Long Straight Section
RM =  Return module

QUI = Cryogenic interconnection box

QRL: = 610 mm (4 headers)

QRL: = 650 mm (5 headers)

arc

= 154 x 2

20 K, 1.3 bar

 = 104 x 2

4.6 K, 3.6 bar

 = 84 x 2

50 K, 19 bar

 = 84 x 2

75 K, 18 bar

 = 273 x 2.9

4 K, 0.016 bar
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Transport of refrigeration in large 

distributed cryogenic systems
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QRL Line Heat Load Measurements
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LHC Vertical Transfer Lines (4.5 K)

Totalizing 

approximately 

800 m (all Points)
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Process cycle of 18 kW @ 4.5 K cryoplants
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C.O.P. of helium refrigerators
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LHC Accelerator Cryogenics 18 kW @ 4.5 K Units

Typical

Helium Compressors station 

&

Cold Boxes
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2.4 kW @ 1.8 K refrigeration cycles for the LHC
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LHC Accelerator Cryogenics 2.4 kW @ 1.9 K Units
Air LiquideIHI- Linde

Warm Compressors & Cold Boxes
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Cold compressors for 1.8 K refrigeration

LHC Cold Compressors (speed range 100 – 800 Hz)

IHI-LindeAir Liquide

4 cold compressor stages

Axial-centrifugal impeller

IHI-Linde; 4 cold compressor stages



Management of Cryogen
• Total HELIUM inventory at CERN: 170’000 kg

• LHC (accelerator & detectors) helium full inventory: 136’000 kg

• Additional strategic permanent storage during operation: 15’000 kg

• LHC (accelerator & detectors) liquid NITROGEN needs for a full 

cool down: 11’500 ton

(LHC accelerator full cool down: 10’000 ton in 33 continuous days; 

equivalent to 500 standard transportable containers delivered by 

industrial suppliers)

• In situ helium liquefaction for central services (up to 350’000 liter per year) 

and distribution by means of mobile containers ranging from 100 to 2’000 liter 

(users without dedicated cryogenic plant)

CERN(LHC) vs ILC Japan Cryogenic Systems, CFS  Workshop at CERN, 27-28 August 2015



Helium & Nitrogen Storage 
(Exclusively implemented at surface premises)
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LHC Helium storage & 

Distribution (high grade gaseous 

helium ring line, 2 MPa, 27 km long, 

for LHC operation)
 All helium storage means are located 

at ground facilities

 Helium ring line is located 

underground and interconnected to 

storage facilities

LHC Helium Storage & Distribution
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LHC helium

Gas 80 m3 (at 1.5 and 2.1 MPa)

Gas 250 m3 (at 2.1 MPa)

Quench buffer*

Make-up

Liquid storage, 120’000 liter

*No recovery compressors &

high pressure purification systems
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LHC Accelerator Helium Inventory

130 tons
During steady state operation of the accelerator: 

 87 tons (helium II) contained in the helium vessels of the sc magnets

 40 tons in the distribution and recovery lines

 3 tons in the cryogenic plants

 Additional strategic liquid helium storage at CERN premises: 20 tons

Overall LHC helium Inventory:130 + 20 = 150 tons

Storage capacity (surface premises) with respect to the Inventory (strategic 

storage not included, present only during operation):                 

 45 tons (gas) in 80 m3 (at 1.5 and 2.1 MPa) & 250 m3 (at 2.1 MPa)

 90 tons (liquid) in six 120’000 l horizontal tanks (not equipped with 

permanent re-liquefiers; project on-going); CERN introduced the concept of 

“virtual storage” at industrial suppliers premises for bridging the gap between 

the 130 tons of inventory and the long term storage capacity in the liquid 

tanks.



Brief report from the first three-years LHC 

Physics Run (Cryogenic Operation)
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Statistics of the refrigeration 

plants long stops
Global availability results of the 

LHC cryogenic system and 

origin of main losses



LHC Accelerator Helium Management
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LHC Run 1: Helium losses during the first three-years run

2013-2014

Long shutdown 1

2015: 

Resuming Operation

For Physics Run 2

Up to now very encouraging

results: losses near to 10%

of the LHC helium inventory



Helium Supply at CERN
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Nitrogen Supply at CERN
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LHC 

Physics

Run 1

LHC Long 

Shutdown 1 

pre-cooling 

for Physics 

Run2
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Main information from LHC cryogenic system

20 x 8 m

15 x 12 m

10 x 8 m

6 x 6 m (typical non-LHC system)

8

n/a LHC: No recovery 

compressors

6

1500 g/s

30 x 16 m 58

10 x 5 m 13

40 x 22.5 m SF1

stations
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Conclusions (Summary)

High objective: 

attempt to be useful to the 

ILC strategic decisions on 

cryogenic system and cryogen storage 

implementation



Conclusions (Summary) 1/2
The LHC helium cryogenic system:

 8 x 18 kW @ 4.5 K and 8 x 2.4 kW @ 1.8 K cryogenic units

 Totalizing 25 km long transfer lines for cryogen distribution 
successfully manufactured, installed and operated

 Main constraints:

8 x 3.3 km-long sectors

Deep underground with limited access shafts and technical 
service areas

1.4 % slope and elevation differences (hydrostatic heads)

Suburban and rural region

Environmentally respectful approach (full Impact Study 
produced in collaboration and agreement with the  
Authorities)
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 Helium compressors stations (for both 4.5 K & 1.8 K units): all 
located at surface premises

 4.5 K cold boxes: located at surface premises (with the 
exception of the four former units recovered from the LEP 
project (located underground due to the dedicated application 
for sc cavities operated at 4.5 K)

 1.8 K units: all located underground

 Gaseous and liquid helium storage: all located at surface 
premises; no cryogen storage underground (exception of the 
continuous LHC cryostat in operation)

 Personnel access to the LHC tunnel in presence of liquid 
helium is strictly conditioned

 Liquid nitrogen is forbidden in LHC accelerator 
underground facilities (exceptions for experimental caverns 
due to high volume)
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Conclusions (Summary) 2/2



Thank you for your attention
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Backup slides
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Magnet-cell cooling scheme





Helium recovery & purification 

(non- LHC cryogenic facilities)
H

e
liu

m
 (

k
g

)

Year

CERN(LHC) vs ILC Japan Cryogenic Systems, CFS  Workshop at CERN, 27-28 August 2015



Cryogen Strategy at CERN

With respect to the procurement and management of very large 

cryogen inventory (helium and nitrogen):

 Helium procurement strategy: combination of multi-industrial 

suppliers & multi-sourcing approach implemented

 Nitrogen procurement strategy: secure logistics by multi-

industrial suppliers approach implemented

 Helium is classified as strategic product by the CERN

 All adequate means are implemented in order to secure the 

general inventory

 For the test benches and internal distribution facilities, 

highest priority is set for systematic recovery & purification
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