Field optical clocks and sensitivity to mass anomalies for geoscience applications
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ROYMAGE (hoRloge Optique a Ytterbium Mobile Appliquée a I'exploration GEodésique) is a project We have developed a Matlab package MASS-tools (Mass Anomaly Signal Simulation) to
dedicated to develop a transportable ytterbium (Yb) optical lattice clock. Connected to the fiber network compute the gravitational signal (V, g and T) of a mass anomaly with different methods :
REFIMEVE+, the clock will allow remote clock comparisons to perform chronometric geodesy and
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In this work, we focus on the contribution of chronometric observables for the detection and monitoring Acceleration V' V=g, ( pYpin) ] e D D D b > S L "l Yy %
of geophysical processes (volcanic, hydrological, tectonic deformations, etc.). To this end, we have Tensor A V=1,=0 - outside mass y m(,n,7) R e i JE Rﬁﬁ% k. R o T e PO o T
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dgveloped digital tools to model the gravitational respon.se of mass anomalies and the associated vertlcgl > Very tricky or impossible §.dn.d¢ 200 iy N o od : N , ;
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These synthetic simulations allow us to identify which types of structures can be detected by clock vertical cylinder (non exact solutions) e e e e
comparison measurements with a relative frequency uncertainty fixed at 10171819 (i.e. a vertical 4z Near surface - Ap=1 g/om?
sensitivity at 10 cm - 1 cm - 1 mm respectively). We also present an application for an aquifer undergoing ® Numerical solutions using quadrature schemes + LogaV [m?/s?1 - isosurface | LooAg, (mGallfrom izo &V =» Same signal can be generated by various
groundwater fluctuations due to anthropogenic exploitation and causing detectable gravitational signals. L0 L5 prdrdods a0 . o) \ Sy 1 anomalies at different depth, radius or density
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— Excellent approximation for all primary structures 200 }\ L 1 gravimeters and gradiometers can be obtained
@ General relativity predicts that time flows differently for clocks located in different —> Can easily model hollow section (shell, tube, ring, ...) § (_% \ =» Same work done with a right rectangular prism
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@ In practice, we compare the frequency of the field clock wrt a clock reference to : : C e . © O asamm ’ R‘;%‘.’USS"& o
P ’ P , , q y , o ® Analytic solution using line integrals: Tsoulis & Gavriilidou (2021) " " 100 AV [m?/s]
measure the geopotential variations AW (or height variations Ah) between them e " . . o , , . .
Look at the flow of the gravity field through a curvilinear and oriented Ime/surfacg ) @ Gravitational signal and vertical displacement of an aquifer w0
: : . : : - Very time consumin > - - - g o h
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