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ABSTRACT

The SOLEIL II machine upgrade requires unprecedented alignment tolerances, down to +/- 20 um for the most critical magnets of the storage ring. This specification demands full control of measurement uncertainties throughout the various steps
of the alignment process. One of these steps 1s the survey, which aims to determine the position of the machine's components and thereby reconstruct its entire geometry. This 1s a critical step, as it is the final one that determines whether the
components comply with the specified tolerances. If this step introduces excessive uncertainty in the position of the components, 1t can lead to wrong decisions, such as validating a non-conforming alignment or, conversely, rejecting an alignment
that 1s 1n fact correct. As this uncertainty 1s difficult to estimate, an in-house model was developed to simulate complete surveys and predict it. To validate this model and, above all, to quantify the uncertainty experimentally, a measurement
campaign was conducted, in which seven surveys of the storage ring were performed in succession over a period of less than three weeks. The results show that the dispersion of the machine's global shape does not exceed 30 um 1n any of the three
directions (k = 1), while the circumference of the machine is repeatable to better than 300 um. Locally, at the level of an individual girder, the dispersion of the magnets does not exceed 2 um 1n the three directions (k = 1).

AIM AND METHODOLOGY KEY FIGURES ADJUSTMENT

Each survey was adjusted independently using Spatial Analyzer
Methodology A -~ / 9 software via USMN option.
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STORAGE RING EVOLUTION OVER TIME

Since 2023, six complete surveys have tracked the storage ring over time. Combined Dispersion of each indicator, campaign vs. 3-year surveys: RF frequency vs surveys: cross-validation of the
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CONCLUSION

This work establishes, for the first time, a realistic repeatability uncertainty for every alignment indicator of the SOLEIL storage ring. Over three years, only the radial component shows a statistically significant real drift —
independently confirmed by the RF-derived circumference — consistent with thermal expansion of the concrete slab supporting the machine, which would explain both the radial motion and the associated circumference variation.
The close agreement between these measurements and Monte Carlo simulations validates the simulation model [1], meaning future survey strategies can now be predicted and optimised numerically. These uncertainties, assessed at
this specific step of the survey, will now be incorporated into the uncertainty budget for the overall alignment strategy, making it more realistic and enabling conformity decisions to be taken with the greatest possible confidence [2].

[1]Y. Delalande et al. Modelling and optimization of SOLEIL II survey and uncertainty assessment of the measurement [2] Y. Delalande ef al. Optimisation of the SOLEIL II accelerator alignment strategy through the implementation
process using Monte Carlo approach. In Proc. International Workshop on Accelerator Alignment (IWAA), 2024. of a metrological approach. Submitted to Measurement Science and Technology, September 2026
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