HRMS, 28th Colloquium, Dijon, France, Aug. 28 - Sept. 1, 2023

SUB-DOPPLER SPECTROSCOPY OF^{39}K FOR MAGNETIC FIELD MEASUREMENTS

R.MOMIER^{a,b},A. SARGSYAN^b, A. TONOYAN^b, M. Auzinsh^c,D. SARKISYAN^b, A. PAPOYAN^b, C. LEROY^a, ,^aLaboratoire Interdisciplinaire Carnot de Bourgogne, UMR 6303 CNRS - Université de Bourgogne, 21000 Dijon, France.^bInstitute for Physical Research, NAS of Armenia, Ashtarak-2, 0203 Armenia,^cDepartment of Physics, University of Latvia, Rainis boulevard 19, LV-1586 Riga, Latvia

Alkali atoms are commonly used in atomic physics for a number of reasons, the main one being the simplicity of their electronic structure. Relatively cheap lasers are available for the main optical transitions (D lines) of most alkali atoms making them convenient to study experimentally, mainly in the domain of magnetometry^{1 2}. Potassium 39 (^{39}K) is an interesting candidate for such experiments, since it has the smallest characteristic value B_0 = A2_{S1/2} /μ_B ≈ 170 G (where A2_{S1/2} is the ground state’s magnetic dipole interaction constant) characterizing the decoupling of J and I and therefore the establishment of hyperfine Paschen-Back (HPB) regime^{34}. Probing a^{39}K vapor with a circularly polarized laser while applying a strong enough (> 200 G) magnetic field oriented along the propagation direction of laser allows to record an absorption spectrum in which only 8 spectrally resolved Zeeman transitions (4 for each circular polarization σ^±) are visible, while the probabilities of the 16 remaining transitions tend to zero. Complete spectral resolution is obtained thanks to the thickness of the vapor cell (of the order of the transition wavelength), allowing almost complete cancellation of the Doppler broadening^5 . We present a method that allows to measure the magnetic field with micrometer spatial resolution based on the recorded spectra in the range 0.1−10 kG with a cell of thickness L = 120±5−390± 5 nm, which is relevant in particular for the determination of magnetic fields with a large gradient (up to 3 G/μm). The experimental results are verified by theoretical calculations.

1doi:10.1103/RevModPhys.74.1153, D. Budker, W. Gawlik, D.F. Kimball, S.M Rochester, V.V. Yashchuk and A. Weis, Rev. Mod. Phys., 74, 1153-1201, (2002).

2doi:10.1364/AO.373949, E. Klinger, H. Azizbekyan, A. Sargsyan, C. Leroy, D. Sarkisyan and A. Papoyan, Appl. Opt., 59, 2231-2237, (2020).

3doi:10.1103/PhysRevA.84.063410, B.A. Olsen, B. Patton, Y.Y. Jau and W. Happer Phys. Rev. A, 84, 063410, (2011).

4doi:10.1364/OL.37.001379, A. Sargsyan, G. Hakhumyan, C. Leroy, Y. Pashayan-Leroy, A. Papoyan and D. Sarkisyan, Opt. Lett., 37, 1379, (2012).

5doi:10.1016/S0030-4018(01)01604-2, D. Sarkisyan, D. Bloch, A. Papoyan and M. Ducloy, Opt. Comm., 200, 201-208, (2001).

p-number: p028 Submitted on Sat, 03 Jun 2023 15:48:38 +0200