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Moon village and fundamental physics

We point out that at the future "Moon village" planned by the European Space Agency, it would be possible, for the first time in the human history, to perform the same experiment in laboratories with significantly different gravitational background and, among others, reveal if the CP violation depends on the strength of the gravitational field in harmony with an emerging cosmological model based on the hypothesis that "quantum vacuum fluctuations are virtual gravitational dipoles".

European Space Agency (ESA) is currently elaborating on the concept of a Moon Village 1 . Among others, science enabled by a Moon village would include planetary science, astronomy and fundamental physics (see Ref.2 for a brief review).

Let us limit ourselves to the fundamental physics research which may include very different experiments as, for example, tests of General Relativity through the improved lunar laser ranging measurements [START_REF] Craword | [END_REF] and tests of the quantum entanglement over the Earth-Moon baseline [START_REF] Craword | [END_REF] .

It is surprising that in spite of the diversity of ideas that have appeared, none has paid attention to the essential fact that the gravitational acceleration on the surface of the Moon (
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) is about six time smaller than that one on the surface of the Earth. Hence, for the first time in human history it would be possible to perform the same experiment in laboratories situated in significantly different gravitational fields.

At first sight it may look as a waste of time to perform the same experiment in two different gravitational backgrounds. Isn't it obvious that all experiments in CERN on the Earth and a CERN on the Moon will give the same result?! In the present Letter we focus on CP violation as one illuminating example that laboratory experiments on the Earth and on the Moon might produce different results. If it happens that it is true, the Moon village will remain forever in the history of science as one of the greatest achievements of all time.

During the last 54 years the impressive experimental evidence was collected for CP violation in different decays, while from the theoretical point of view (within the Standard model of particles and fields) the CP violation is expected to be a purely non-gravitational phenomenon, caused by weak interactions. However, in 1961, just 3 years before the first observation of CP violation in kaon decays 3 , Good has revealed 4 that gravitation inevitably leads to CP violation if particles and antiparticles have a different acceleration in the gravitational field of the Earth! Of course, Good's arguments were critically reconsidered by other scientists 5,6 ; the consensus is that the difference in the gravitational properties of matter and antimatter can be the source of the CP violation, while it remains questionable how to get the accurate quantitative estimate of the size of the effect.

Whatever is the case, the gravitational acceleration of the opposite sign 5 or the gravitational acceleration of the same sign but a different magnitude 6 , the gravitational field causes the CP violation which is stronger in stronger gravitational fields. CP violation in the vicinity of the supermassive black hole in the centre of our Galaxy would be much stronger than on the Earth, while on the Moon it should be weaker than on the Earth. The endless theoretical discussions cannot give the answer if it is so or not; we need experiments in laboratories situated in different gravitational backgrounds. While some limited possibilities exist already on the international Space Station 7 , the Moon village would be the first true physics laboratory in the gravitational field much weaker than on the Earth. In our opinion it would be a serious negligence not to study on the Moon the CP violation in kaon decays. More than that, we suggest thinking about a selection of the other classical 20 th centuries experiments which should be repeated in the Moon village (not necessarily because a surprise is expected).

It astonishes that while for more than half a century many physicists were thinking about the eventual gravitational repulsion between matter and antimatter, none has related it with the gravitational properties of the quantum vacuum; everyone has neglected the simple fact that in such a case quantum vacuum fluctuations are virtual gravitational dipoles. Only recently, in a series of papers [8][9][10][11][12][13] , it was shown that a single hypothesis that "quantum vacuum fluctuations are virtual gravitational dipoles" has the potential to explain the greatest mysteries of our time: what is the nature of what we call dark matter, what is the nature of what we call dark energy and why matter dominates antimatter in the Universe. According to this emerging model of the Universe, the only matter-energy content of the Universe is the Standard Model matter (i.e. matter composed from quarks and leptons interacting through the exchange of gauge bosons). The phenomena usually attributed to hypothetical dark matter, may be considered as a consequence of the local gravitational polarization of the quantum vacuum by the immersed baryonic matter; apparently, the galactic halo of dark matter can be replaced by the halo of the polarized quantum vacuum 8,12,13 . Globally quantum vacuum may be considered as a cosmological fluid which during expansion of the Universe converts from a fluid with negative pressure, allowing an accelerated expansion of the Universe, to a fluid with zero pressure (physically it means the end of the accelerated expansion). This for the first time suggests, quantum vacuum may explain both phenomena; phenomena usually attributed to dark matter and phenomena usually attributed to dark energy 10,12,13 . In addition, as a consequence of hypothesis of virtual gravitational dipoles together with the gravitational version of the Schwinger mechanism, we may live in a cyclic universe with cycles alternatively dominated by matter and antimatter 9,12 . At least mathematically there is no initial singularity, there is no need for the cosmic inflation and there is an amusing explanation of the matterantimatter asymmetry in the universe: our universe is dominated by matter because the previous cycle was dominated by antimatter (and the next cycle would be dominated by antimatter again).

It is amusing that the eventual gravitational effects of the quantum vacuum "enriched" with virtual gravitational dipoles, among others can be revealed by the study of orbits of tiny satellites in trans-Neptunian binaries, for instance UX 25 and Eris-Dysnomia 11,14 .

Of course, the measurement of the CP violation on the Moon is of the great importance independent of any theoretical argument, but the existence of an emerging cosmological model [8][9][10][11][12][13] and some other theoretical possibilities 15 make this measurement much more important and appealing. Apparently, the "Moon village" may bring more to fundamental physics than expected initially.