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INPUTS  

FOR FEM

Mechanical Measurement Laboratory
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STRUCTURES

Mechanical properties characterization
• Tensile, compression, bending tests
• From 77 K  up to 1200°C
• Impulse Excitation Techniques

Thermo-physical properties
• CTE, Thermal Diffusivity, Specific Heat measurements
• From 1.8 K  up to 2000°C

FEM

VALIDATION

Experimental Stress Analysis

• Resistive measurements, Optical fiber based on Rayleigh 
backscattering and Fiber-Bragg grating (FBG) 

• From 1.9 K up to 600°C

Vibration Analysis

• Seismic measurements, transfer function evaluation

• Experimental modal analysis 
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Lab Virtual Visit | Mechanical Measurement Laboratory of EN-MME

https://mechanical-laboratory-mme.web.cern.ch/lab-virtual-visit-0


Our motivations in 2016 : 

• Continuous LHC monitoring;

• HL-LHC Civil engineering activities:

Monitor our installation to anticipate some risks
on the beam instability generated by civil
engineering activities.

• Geneva Program “Géothermie 2020/2030”: 

Evaluate effects of the micro-seismicity induced 
by the geo-thermal exploitation on CERN 
accelerators;

Collaboration with the Swiss authorities to 
densify the Geneva basin seismic network. 

CERN Seismic Network
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CERN Seismic Network : Hardware

Surface Station Underground stations
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Variante 1: Grosser Topf 
Sicht auf oberirdischen und unterirdischen Teil 

(Deckeldurchmesser: 100cm, Röhrenrand oberirdisch: 20cm) 

Beispiel einer Erdbebenmessstation 
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Specific CERN development to fulfil the LHC underground constraints 
(radiations, R2E, space, transport , etc.)



CERN Seismic Network : Data management
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CERN Seismic Network - Results
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PSD at several LHC tunnel positions

Macro-seismic 
activities

Cultural 
activities



CERN Seismic Network - Results
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PSD at several LHC tunnel positions

Macro-seismic 
activities

Cultural 
activities

Mag. 7.9 – New Zealand– 13/11/2016 
LHC  perturbation over a day

Porrentruy (CH) – M4.3 – 22 
March 2023 – 6 km depth

Cessy (FR) – M1.6 – 29 November
2022 – 3.4 km depth



CERN Seismic Network - Results
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PSD at several LHC tunnel positions

Macro-seismic 
activities

Cultural 
activities



The Large Hadron Collider (LHC)
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Key Numbers : 
1752 Superconducting Magnets
6,8 TeV Stored Energy per Beam
420 MJ Stored Energy 
2800 bunches of 1.6x1011 protons
Hundred Millions of collisions per second

LHC beam stability requirements: 

Normal operation : < 5 μm beam oscillations

Instable operation : 5 μm to 20 μm beam oscillations

Beam dump : > 20 μm beam oscillations



HL-LHC Civil Engineering activities
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An experimental study based on transfer functions approach was
launched to estimate the vibration effects during civil engineering
activities. The outcomes of the study drives the CE planning (shaft
excavation during LS2, underground excavation during LS2)



HL-LHC Civil Engineering activities
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https://edms.cern.ch/ui/file/1976860/1/wepmf080.pdf

https://edms.cern.ch/ui/file/1976860/1/wepmf080.pdf


Future
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Specifications provided at FCCIS workshop:





Experimental modal analysis of light weight structure

15

ALICE Inner Tracking System Stave layout.
ALICE Inner Tracker beam mounted on an electromagnetic shaker and 

Polytec PSV-500-3D Scanning Vibrometry System
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MATERIAL 
SAMPLES

CTE measurements from 1.8 K up to 2000°C
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STRUCTURES

Optical dilatometer from RT down to 1.8 K 

• Interferometric setup combined with a closed-cycle cryostat

• Validated with certified reference sample to an accuracy of better than 1% 
relative to copper at 4 K

• Integrated superconducting magnet allows to study magnetostriction

Push-rod dilatometer from 2000°C down to 100 K

STRUCTURES

CTE measurements on large scale structure

• Rayleigh backscattering (RBS) and Fiber-Bragg grating (FBG) as 
established techniques to measure strain at cryogenic temperatures

• Resilience also to magnetic fields and radiation

• High-level versatility 

• Portable instrumentation 

• Installation of the optical fibers directly on the structures
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CERN Seismic Stations Performance
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