N
N

N

HAL

open science

An efficient Zeeman slower for the ROYMAGE
transportable Ytterbium clock

Jestis Romero Gonzalez, Fatima Rahmouni, Pointard Benjamin, William

Moreno, Jérome Lodewyck, Paul-Eric Pottie, Pacome Delva, Isabelle Panet,

Marie-Frangoise Lequentrec-Lalancette, Olivier Jamet, et al.

» To cite this version:

Jestis Romero Gonzélez, Fatima Rahmouni, Pointard Benjamin, William Moreno, Jéréme Lodewyck,
et al.. An efficient Zeeman slower for the ROYMAGE transportable Ytterbium clock. 54th Conference
of the European Group on Atomic Systems (EGAS 54, Jun 2023, Strasboug, France. hal-04139115

HAL Id: hal-04139115
https://hal.science/hal-04139115

Submitted on 23 Jun 2023

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 dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/hal-04139115
https://hal.archives-ouvertes.fr

An efflc:lent Zeeman slower for the ROYMAGE transportable Ytterbium clock

Jesus Romero Gonzéalez!? ,Fatima Rahmounit, Benjamin Pointard?, William Moreno?,
Jérdme Lodewyck?!, Paul-Eric Pottiel, Pacbme Delval, Isabelle Panet34,
Marie-Francoise Lalancette®, Olivier Jamet®, Guillaume Lion3#, Rodolphe Le Targat!

SYRTE 1éssie | PSL%

SYstemes de Référence Temps-Espace

]ICN SH M

300 ans d'hydrographie
INSTITUT NATIONAL
1L NE-SYRTE, Observatoire de Paris - Université PSL, CNRS, Sorbonne Université, LNE, Paris, France, 2Real Instituto y Observatorio de la Armada (ROA), L'INFORMATION ENS('
Cecilio Pujazon s/n, 11100 San Fernando (Cadiz), Spain, 3Université de Paris, IPGP, CNRS, IGN, F-75005 Paris, France, Ll Université de Paris EfDFE’UZA:S:'IE EE J
4ENSG-Géomatique, IGN, F-77455 Marne la-Vallée, France, >SHOM, 13 rue du Chatellier, 29200 Brest, 8IGN, 73 Av. de Paris, 94160 Saint-Mandé PR R Geomahque

w SORBONNE
UNIVERSITE

Motivation : apply quantum sensors to Earth Sciences Zeeman slower with permanent magnet (simulation)
 Zeeman slower skeleton is based on the next three totally-related parameters:
3 Optical Lattice Clocks allow a control of 18 significant digits (108) of their frequency, with a statistical . Velocity capture, being higher velocity the ZS is able to cool down.
resolution of a few 10-1¢/vt, with < the integration time. - Maximum (des)acceleration, defined by the cooling laser intensity.

= Length of the ZS, defined as the minimum distance to stop atoms at v=0m/s.
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dWhen interrogating the clock transition the result is judged by two criteria : e
 The uncertainty, or how close we believe the S
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corrected measured frequency is to the ‘ideal @ﬁ@;} 0 s 100 150 200 250 30
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Short term limiting effect as function of the dead time Structure

well are known the corrections made due to
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systematical effects shifting this frequency. | Ttrm=tsoms ]

Laser's Flicker floor = 8x10 "¢

Dick Effect
(Rabi case)
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The stability, when the values of repeated
measurements are clustered close together and
have minimal scatter over time.
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Target of
this work

The major limitation noise on the QPN for 10* atoms
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of 102 atoms over 10* atoms

- 1 e e — = Complex structure. = Easy structure.
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Dick effect I
= Difficult to calculate the position of the magnets. = Easy to calculate the position of the magnets.
Loading as fast The project aims at loading >10% atoms » Use much more magnets, it is heavier. " hess magnets are needed, Itighter
as the coherence of the laser . . . . o . L .
will reduce it ::> into the optical trap in <150 ms. = Magnetic shield is 100% needed. " The magnetic shield is most likely not necessary.

= Long decay of magnetic gradient along optical path. ® Short decay of magnetic gradient along optical path.

Cold Yb source design and simulation

 Design main points [2]:
blue 2D-MOT « Optical molasses for transverse velocity

reduction. Winner Zeeman Slower —— Transversal

= Use 100% of the laser power. = Use 50% of the laser power.

deflection Zeeman slower for longitudinal velocity | |
: Velocity space diagram calculated. P=50 mW, w =7 mm
reduction.
2D MOT for cold atomic flux collimation. d Maximum acceleration at the beginning 400 - ~——
: 3D MOT prior to loading into an optical trap. and two screws at the end to control of the o
Trapping velocity output by modifying the radial
distance of the last two magnets. £ 0
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1 Simulated Annealing to find the global ~ O
. optimum configuration of the array. S B
Ovn 1 Ytterbium flux source : P J y G0 ——
« QOven containing ytterbium metal. _ _ _ 100 1
4 Since the proposed array is symmetric,
« Collection of microtubes at the oven output. rotations will not change the shape of the %01
d The atomic flux is defined by the dimension of the microtubes magnetic field. - . . s > - - -
and the oven temperature. X tmm
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dProposed scheme : three atoms-light interraction zone with a
gradient in detuning (spacial-distribution detuning).
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Optl mized results : i L = [1] J. Vanier and C. Audoin, The Quantum Physics of Atomic Frequency
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4 In order to have a maximum radius of 8 mm, we can reflect
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.. 1 trajectories with initial radial velocity up to 18 m/s.
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