
HAL Id: hal-04093675
https://hal.science/hal-04093675

Submitted on 19 Apr 2024

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

An Yb transportable clock connected to the
REFIMEVE fiber network for chronometric geodesy

Fatima Rahmouni, Jesús Romero González, Benjamin Pointard, Paul-Eric
Pottie, Guillaume Lion, Olivier Jamet, Marie-Francoise Lalancette, William

Moreno, Jérôme Lodewyck, Rodolphe Le Targat

To cite this version:
Fatima Rahmouni, Jesús Romero González, Benjamin Pointard, Paul-Eric Pottie, Guillaume Lion,
et al.. An Yb transportable clock connected to the REFIMEVE fiber network for chronometric
geodesy. EGU23, Apr 2023, Vienna (AUSTRIA), France. 2023, �10.5194/egusphere-egu23-8745�.
�hal-04093675�

https://hal.science/hal-04093675
https://hal.archives-ouvertes.fr


Fatima Rahmouni1, Jesús Romero González1,2, Benjamin Pointard1, Paul-Eric Pottie1, Guillaume Lion3,4, 

Olivier Jamet5, Marie-Françoise Lalancette6 , William Moreno1, Jérôme Lodewyck1, Rodolphe Le Targat1

1LNE-SYRTE, Observatoire de Paris - Université PSL, CNRS, Sorbonne Université, LNE, Paris, France, 2Real Instituto y Observatorio de la Armada (ROA), Cecilio

Pujazón s/n, 11100 San Fernando (Cádiz), SPAIN, Université de Paris, 3IPGP, CNRS, IGN, F-75005 Paris, France, 4ENSG-Géomatique, IGN, F-77455 Marne la-Vallée, 

France, 5IGN, 73 Av. de Paris, 94160 Saint-Mandé, 6SHOM, 13 rue du Chatellier, 29200 Brest

AN Yb TRANSPORTABLE CLOCK CONNECTED TO THE REFIMEVE FIBER 

NETWORK FOR CHRONOMETRIC GEODESY

Funding ANR-20

CE47-0006

Towards the next definition of 

the second

benefit of clock measurements, 

synthetic and real data 

experiments

Possible monitoring :rise of the sea

level, early signs of brutal events 

(earthquakes, tsunamis)

Decouple the motions of the tide 

gauges and see level rise

Test of Fundamental Physics

Geodynamic processes
Vertical Reference Frames

Objectives of the project

Geoid models in coastal areas

Motivation: Apply quantum sensors to Earth Sciences

The clock design: anticipate field conditions

In turn, an atomic clock travelling in the field can be used to perform a cartography of the geopotential, 

by remote comparisons with ~12 existing optical clocks in Europe, connected by ultrastable fiber links.

Optical Lattice Clocks allow a control of 18 significant 

digits (10-18) of their frequency, with a statistical 

resolution of  σ 𝜏 =
10−16

τ
, with τ the integration time,

As predicted by Einstein, atomic frequencies 𝜈 are 

sensitive to the local gravitational potential 𝑊 and 

therefore to the altitude ℎ (𝑐 being the speed of light):

Δ𝜈

𝜈
=
Δ𝑊

𝑐2
≈
𝑔. Δℎ

𝑐2

The Equipex REFIMEVE+ disseminates a 

1542 nm ultrastable IR carrier throughout 

France, with connections to corresponding 

networks in Germany, UK and Italy.

Phase noise due to propagation is 

compensated via interferometers, and the power 

is regenerated with remote slave lasers.

At each REFIMEVE+ output, a frequency 

comb attached to the clock therefore will 

allow the measurement of:

𝝂𝐦𝐨𝐛𝐢𝐥𝐞 𝐜𝐥𝐨𝐜𝐤

𝝂𝟏𝟓𝟒𝟐 𝐧𝐦

• Ytterbium atomic flux

• Zeeman slower

• Target: slowdown a large amount of 

Yb atoms on the longitudinal axis from 

400 m/s down to a velocity of 20m/s

• 3D MOT and Optical Lattice

• First, trap and cool a cloud of Yb atoms.

• Then, trap and confine atoms into an optical lattice, a 

one-dimensional standing wave .

• Objective: load and cool 𝑵𝒂𝒕 ≥ 𝟏𝟎𝟒 atoms in <150 ms

in a few 10 ms

To charge 104 atoms in an optical lattice it 

requires a high flux of cold atom focused and 

collimated, the divergence needs to be 

corrected.

Atomic beam divergence :  5.4-6.8 ° (half angle)

• Transverse cooling

• The optical molasses is a technical solution that 

we will use for this task 

• It will collimate the beam and help trap more 

atoms for the clock  

French reference levelling

network NIREF

Identify and model 

geodynamic signals 
measure the height of the tides

European comparisons of clocks 

(Sr, Hg, Yb, Yb+, Al+ …)

• Target: collimate the atomic beam at the output of the 

Zeeman slower for loading in a 3D MOT.

• Since we want to reduce the impact of the oven

bodyradiation on the trapped cold atoms, there is an angle

of 10° between the Zeeman slower and the 2D MOT.

• 2D Magneto optical trap

Magnetic 

field 

gradient


