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Introduction

-18

Have reached an uncertainty [START_REF] Mcgrew | Atomic clock performance enabling geodesy below the centimetre level[END_REF] of: Can be improved by controlling and determining

Systematic effects

Zeeman and lattice frequency shifts

Cold collisions between the trapped atoms

NEW TRAPPING GEOMETRIES for reducing them

Optical tweezers [START_REF] Norcia | Seconds-scale coherence on an optical clock transition in a tweezer array[END_REF] 3D optical lattices [START_REF] Tomoya | Three-dimensional optical lattice clock with bosonic 88Sr atoms[END_REF] 

Laguerre-Gaussian lattices

The most accurate optical lattice clocks

Black body radiation

Controlled environments

Cryogenic environment [START_REF] Ushijima | Cryogenic optical lattice clock[END_REF] Inclusion of a primary vacuum chamber and a Cu UHV chamber

We aim to reduce the temperature inhomogeneity δT to decrease the uncertainty of the BBR shift:

δν(T ) ≈ 4∆ν (stat) T 3 T 4 0 δT
Also, for reducing the cold collisions we propose to increase the number of trapping sites in the lattice by using sinusoidal LG 0l modes with azimuthal index l, whose transverse profile is composed of 2l identical trapping sites.

The new proposed trapping potential can be modeled by the equation:

U 0l (r, φ, z) = -U 0 e -2r 2 
w 2 (z) cos 2 [kz -ψ l (z)] 2r 2 w 2 (z) |l| cos 2 (lφ)
By including a new UHV chamber equipped with an LG trap geometry, we expect to characterize some systematic effects below 10 -18 level.

LG lattice

SrC clock

Cu UHV chamber

Adaptable trap geometry

More trapping sites

Cavity geometry preservation

Not additional subsystems

No need of transporting atoms

Compatible with QND detection

I. UHV chamber in a primary vacuum

To achieve a good thermal homogeneity of the environment where the atoms are trapped and interrogated, the new chamber presents small size and it was made in copper which presents excellent thermal conduction.

Cu chamber main features ⇒ Thermal distribution sensing with PT100 sensors. ⇒ Electrodes insertion for electric field determination in the clock interrogation. ⇒ Resonant cavity for 813 nm magical wavelength and 461 nm QND detection.

The components around the chamber are also made in Cu, advantaging a thermal homogeneous environment for the Sr atoms.

MOT collimator and the retroreflection mirror.

The mentioned components assembled in the Cu chamber will be placed in a primary vacuum chamber limiting the convection exchanges between the experimental system and the laboratory.

II. LG modes implementation

⇒ Setup for the generation and locking of LG modes. The LG modes are generated using an liquid crystal on silicon spatial light modulator (LCOS-SLM). The SLM displays a computer generated hologram which encode the phase of a certain LG mode [START_REF] Carrat | Long-distance channeling of cold atoms exiting a 2D magneto-optical trap by a Laguerre-Gaussian laser beam[END_REF] and a diffraction grating. shape of the desired mode appears in the first diffraction order. Then, the generated mode is injected in the cavity, and then its length is locked by means of a PDH scheme.

Hologram with a blazed grating and the generated LG 02 mode at the transmission of the cavity. The hologram has a spatial period T x = 662.5 µm or a number of grooves n x = 24. The LG 02 mode image was taken with a locked cavity.

III. LG trapping depths

The total efficiency of the setup: η tot ≈ η slm η c . Three kind of gratings were tested, but we observed that blazed grating is the most efficient for our setup along the optical path, so it remains appropriate for the creation of the optical lattice trap.

LG 0l η tot (%) The optical drain technique we use to transfer the atoms from the MOT to the lattice [START_REF] Lodewyck | Optical to microwave clock frequency ratios with a nearly continuous strontium optical lattice clock[END_REF] requires a trapping depth as large as 1000E r . Fortunately, executing the clock interrogation stage requires only 50E r , which allows to implement the LG lattice in the clock sequence.

U 0 (E r ) U m (E

IV. LG lattice loading methods

Having generated the LG modes we expect to load the new lattice by two different methods. First, we expect to compute the loading efficiencies of the LG lattice by running Monte-Carlo simulations for the proposed methods, and then we will run experiments for comparing them. Also, future works will focus on studying the systematic uncertainty associated with:

⇒ Cold collisions and lattice light shifts effects. ⇒ Black Body Radiation shift.

Finally, with SrC clock we intend to participate in comparison campaigns and to contribute to the TAI.

⇒ Method 1 :

 1 Transfer of atoms from a TEM 00 lattice potential to an LG lattice potential. An automatic locking switch between the selected modes is being developed. ⇒ Method 2: Transfer of atoms from the MOT to the LG lattice potential. The challenge is the determination of the best geometry of the drain.
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