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 Using electrical fields (RF cavities) to accelerate and 
magnetic fields (accelerator magnets) to guide and collide 
charged particle beams (electrons, protons & anti-
particles)

 Aim at higher energy accelerators for 2 reasons:

 Production of new heavier particles (according to 
Einstein):  E = mc2 ≤ 2E beam (collider)

 Resolving smaller distances (according to de Broglie): 
Wavelength l = hc/E for LHC  210-18 cm 

Higher energy  Increased potential for discoveries
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HEP Plans & CERN’s road map
Medium term plan guiding principle

• Driven by Science and aiming at implementation of 

European Strategy for Particle Physics.

• Takes into account technical feasibility and financial 

affordability.

• Ensure adequate resources for maintenance and 

consolidation of scientific and general infrastructure, 

and for compliance with Safety requirements.

• Next 10 years dominated by construction of High 

Luminosity LHC project (HL-LHC) ~950 MCHF.
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HEP Plans & CERN’s road map
Three main scientific pillars

• Full exploitation of the LHC:
• successful Run 2, LS2, and Run 3 start-up.

• Upgrade of LHC Injectors; on-track construction of HL-LHC.

• Scientific diversity programme serving a broad community:
• ongoing experiments and facilities at Booster, PS, SPS and their upgrades.

• participation in accelerator-based neutrino through CERN Neutrino Platform.

• Preparation of CERN’s future:
• vibrant accelerator R&D programme exploiting CERN’s strengths and 

uniqueness.

• design studies for future accelerators: CLIC, FCC (includes HE-LHC).

• future opportunities of diversity programme: “Physics Beyond Colliders”.

Important milestone: update of the European Strategy for Particle 

Physics (ESPP) in 2019-2020.
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LHC

27 km, 8.33 T
14 TeV (c.o.m.)

1300 tons NbTi

FCC-hh

80 km, 20 T
100 TeV (c.o.m.)
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8000 tons LTS

FCC-hh baseline

100 km, 16 T
100 TeV (c.o.m.)

10000 tons Nb3Sn

HE-LHC baseline

27 km, 16 T
26 TeV (c.o.m.)

2500 tons Nb3Sn

FCC-hh Layout



Dr. José Miguel JIMENEZ

CERN, Technology Department
15 June’’17 16

Vacuum for Particle Accelerators

CERN Accelerator School, Sweden

6 - 16 June, 2017

A vibrant R&D on breakthrough technologies!

Vectors of technology! the Compact Linear Collider (CLIC)
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Vacuum operational challenges
Safety and Reliability

Minimise the beam losses resulting from beam-gas interactions, 

to increase:

• Safety by reducing the radioactive activation of:

• Beam equipment;

• Tunnel infrastructures;

• Air.

• Reliability by reducing the nuclear shower generated by the lost 

beam particles and thus the damages to:

• Electronics (HEH and dose effects);

• Services such as electrical, HVAC distributions.
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Vacuum operational challenges
Accelerator performance limitations

• Vacuum is required in particle accelerators to minimize beam-gas 

interactions, thus:

• Ensuring an acceptable beam lifetime;

• Minimizing the heat load to the 1.9K cold mass due to the scattered 

beam particles for cryogenic beam vacuum systems.

• Machine performance limitations

• Reduction of beam lifetime (nuclear scattering);

• Reduction of machine luminosity (multiple coulomb scattering);

• Intensity limitation by pressure instabilities (ionization);

• Electron (ionization) induced instabilities (beam blow up );

• Magnet quench i.e. transition from the superconducting to the normal 

state.

• Heavy gases are the most dangerous
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Vacuum operational challenges
Beam equipment vs vacuum compatibility

• Design to be ALARA compatible

• Simplicity and easily maintainable

• Shielding, appropriate routing of cables

• Redundancy, duplication

• Radiation tolerant or resistant

• Integration optimisation
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Beam pipes (RT)

Magnets

RT

SC

RF systems

RT cavities

SC cavities

Feedback

Pick-ups

Injection & Extraction septa

Collimators & Beam absorbers

Beam dump

Beam instrumentation

RF feedback & Pick-ups

Material
Metallic / Non-metallic

Density / Porosity

Radiation resistant

HT firing

…

Surface processing
Surface cleaning (chemistry)

Surface finishing (electrpolishing)

Coating – Electroplating / Plasma

…

Outgassing / Cryosorption
Bake-out compatibility / Gas thermal recycling

Engineering interfaces
Water/Coolant circuit

Cryogenic circuit

Beam/Thermal screens

Interconections and Feedthroughs

Soft transitions (HOM)

Bellows (multiplies)

RF fingers

Photon absorbers

Movable arms, jaws, bellows

Vacuum Windows

…

…
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Beam-induced effects
Ion instability

Ion stimulated desorption

Electron Cloud

Electron stimulated desorption

Induced heat load (cryogenic systems)

Synchrotron radiation

Photo-electrons generation

Photon stimulated desorption

Induced heat load

High Order Modes (HOM)
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…

Processes
Local gas injection
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Vacuum operational challenges
Cryogenic effects: hydrogen oscillation on LHC beam screen/cold bore
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Temperature instabilities around

3 K lead to hydrogen oscillations

in both beam screen and

cold bore

Cold bore case

Beam screen case
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Vacuum operational challenges
Cryogenic effects: LHC Arc Beam Vacuum (Cryobeam Vacuum)
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Vacuum operational challenges
Vacuum for Detectors

• Reduce beam-gas interaction responsible for Background to the experiments
• Non-captured particles which interact with the detectors

• Nuclear cascade generated by the lost particles upstream the detectors

• Integration: Vacuum installation follows detector closure
• “Bad surprises” are not acceptable

• Temporary supports and protections required at each stage of the installation

• Reliability
• Leak detection and bake-out testing compulsory at each step of the installation

• Vacuum pipes get encapsulated in the detector

• Availability
• Detector installation imposes the “speed” and sequence of the installation

• Performances
• Vacuum (<1015 H2.m-3), HOM, impedance and alignment requirements 

• Must be fulfilled

• Engineering
• Beryllium and aluminium material used since “transparent” to the particles escaping from the 

collision point

• Innovative bake-out solutions to fit with the limited space available between vacuum pipes 
and the detector
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Vacuum operational challenges
Damage to Infrastructures & Noise Signals
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Beam-induced effects
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Vacuum design challenges
Beam-induced effects
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Vacuum design challenges - Engineering
Breaking technics for Vacuum applications - Connections
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Vacuum design challenges - Engineering
Breaking technics for Vacuum applications – Surface treatments
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Vacuum design challenges - Engineering
Breaking technics for Vacuum applications – Beampipes
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Vacuum design challenges - Quality & Conformity
Illustration with LHC Cryodipoles & Cryoline
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Insulation vacuum

is a high vacuum

between:
• Cryomagnet and its

cryostat

• Inner cold cryogenic

lines and the outer

envelope of the

liquid helium

transfer lines

Both are wrapped with

super insulation layers 
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680 turbos for FCC-hh

3600 turbos for FCC-hh

81 km for FCC-hh

370 km for FCC-hh
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• Lower leak rate :

Require a pumping of the beam tube on the yearly basis (cold bore >~4K)

• Larger leak rate will provoke a magnet quench within :

30 to 100 days beam operation for He leak rate of  10-6 Torr.l/s

A day of beam operation for He leak rate of  10-5 Torr.l/s

1 year of operation ~ 150 days

Helium leak rate

above 5 10-7 Torr.l/s 

shall be detected to 

avoid the risk of a 

quench !

5 10-7 Torr.l/s 
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Well after hours of LAB, simulations, engineering...

• You think that you went around all vacuum challenges…

• Till beams gets injected…

• Injection commissioning

• Collimation setting

• Squeeze

• Machine Safety changes filling schemes…

• Pressure oscillations start to limit operation

• Brainstorming induces confusion

• …

Never forget that YOU have the solution: measurements are 

more valuable than simulations !
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CERN response to its challenges…

• LHC has a lot to deliver, only 2% of its potential so far…! 

• Physicists and Theoreticians will continue analysing data till 2024.

• Accelerator and Detector experts will be preparing the: 

• HL-LHC upgrade…

• Technology breakthrough needed for the future generation of high 

intensity and energy beams towards discovery frontiers…

• Its vigorous scientific diversity program will complete the 

needed global picture in Basic Science…

• Letting Physic’s results telling us… the way to go and the 

relevant priorities!
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Thanks for your attention

Accelerating Science and Innovation
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