Testing Lorentz Symmetry using Deuterium —
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A new Rabli type spectrometer has been built and currently being used to study the
sidereal variation signals in the hyperfine structure of Deuterium. Such signals form a
crucial test for Lorentz and CPT symmtery as indicated in the Standard Model Extension.
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Energy level shifts in deuterium hyperfine structure based on
the (F, m) values are predicted as follows by the SME [2]:
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Observable experimental signatures of effective field theories at Planck Scale get suppressed. — M
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Other approaches such as string theory realised Lorentz and CPT symmetry as low energy
signal. Inspired from this, the SME was introduced to assist searches for CPT and Lorentz
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Magnetic field strength in mT for deuterium HFS to SME as compared to hydrogen.

Lorentz Violation

SM Dirac eqn. CPT & Lorentz Deuterium HFS: Nuclear Spin + Electron Spin,

F =3/2 quadruplet and F = 1/2 doublet.

Violation [1] Vargas, A.J. Symmetry 2019, 17, 1433

Models at Planck Scale 1 Sidereal Day = 23 hours 56 minutes 4.0905 seconds. Possible
SME signals at sidereal frequency or its higher harmoincs|[2,3].
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1. Deuterium has st ly enh d itivity to SME d to hyd CIeIo0 ‘IZ
- - CUtEiim has SHONgly enhanced sSensitivity to o vk comparec 10 nydrogen. . 1. A detailed analyis for the first set of measurements will soon follow. |
2. The most precisely measured transitions in Atomic Deuterium Maser[5] are not sensitive to SME. 2. An additional data campaign starting next week or early June is foreseen
3. A new spectrometer has been designed and commisioned for a Rabi type spectroscopy. 3. A long term measurment would allow annual variation studies as well. s
4. A deuterium beamline has been now set-up and is operational at LAC, Paris. 4. Publication of the associated PhD thesis by autumn this year N

5. The experimental studies of sidereal variations in hyperfine transitions in deuterium have already begun.
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