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BACKGROUND & MOTIVATION

CERN's ~60 km accelerator beam line must be smoothed (initial measurement and relative
displacement) during Long Shutdown 3 (LS3, 2026-2030), demanding survey procedures
that combine the accuracy required for accelerator alignment with the efficiency needed
to meet the schedule. The historical LHC workflow starts with roll angle adjustment, then
smooths vertical position (levelling) and radial position (ecartometry) independently.

However, laser trackers have yet to replace levelling and ecartometry at the scale of a
several-kilometre LHC arc. To address this, CERN surveyed the full LHC Arc 2-3 during the
2025 technical stop, combining traditional levelling and ecartometry with 3D laser-tracker
measurements and an Ecartometry Measurement by Automatic Photogrammetric Survey
(EMAPS), producing a unique benchmark dataset to guide LS3/LS4 survey strategy.
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COMBINED ADJUSTMENT
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PERFORMANCE COMPARISON APPLIED TO LHC

LHC alignment tolerance is expressed as a relative requirement over a 200 m sliding window.
Relative precisions below are evaluated over 214 m (five quadrupoles) by using covariance
propagation for the vertical dimension and Monte-Carlo simulation for the radial dimension.
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WORKFLOW OPTIMISATION FOR LS3 /LS4
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Optimization of laser tracker geometry

Although reducing the number of observations inevitably degrades the achievable
precision, the study shows that a substantial margin remains with respect to the LHC
alignment requirement of 200 pm. Therefore, future campaigns could investigate optimized
acquisition strategies balancing observation density and operational efficiency.

CONCLUSION

Even current measurement precisions already meet LHC alignment tolerances, the
results of this study suggest that the greatest potential gains lie in the development and
qualification of an optimized process based on 3D laser-tracker measurements for LS3
and LS4. Key priorities include automatically accounting for atmospheric refraction and

assessing a unified 3D laser-tracker workflow for vertical and radial smoothing.
Automating ATS800 measurements using sphere-scan fiducials should also improve
efficiency and open the way to a fully automated solution based on Automated Guided
Vehicles.
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