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Observation of large-scale Bose-Einstein condensation in dilute vapor of alkali atoms and conclusive evidences that alkali atom as polar atom
Pei-Lin You, Institute of Quantum Electronics, Guangdong Ocean University, China
A suitable example of Bose-Einstein condensation (BEC) is provided by a dilute vapor of alkali-metal atoms. All stable alkali species---Li, Na, K, Rb, and Cs---have been condensed. These atoms, usually only 104 –106 of them, can be trapped and cooled, large-scale BEC has never been observed. In BEC experiments, scientists never considered applying an electric field because they thought all kinds of alkali atoms are nonpolar atoms. However, this is a misunderstanding. In theory, we proved that alkali atoms may be polar atoms without conflict with quantum mechanics. Our innovation lies in the application of an electric field. If alkali atoms are nonpolar atoms, their capacitance should be independent of temperature, because the nucleus is located at the center of the electron cloud. But experiments showed that the capacitance of Na, K, Rb and Cs vapor depends on temperature, they are polar atoms. By contrast, mercury is nonpolar atom because its capacitance is temperature independent. A glass cylindrical capacitor similar to a Dewar bottle is filled with alkali vapor. From the entropy S=0, the critical voltage Vc =60 to 80V. When V>>Vc, we created BEC with 2.51×1017 Na atoms, and with 2.71×1017 Cs atoms. This is second-order phase transition because entropy doesn't show discontinuity.  Experimental alkali material with purity 99.95 % was supplied by Strem Chemicals Co., USA. These facts provide conclusive evidence that alkali atoms are polar atoms. The presence of polar atoms in nature will have profound impacts on condensed matter physics and material science. 
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Prof. Pei-Lin You has been engaged in BEC experiment and the measurement of permanent electric dipole moment (EDM) of alkali atom for many years. Due to the expected value of EDM of alkali atoms is zero (d =0), scientists believe alkali atoms are nonpolar. However, d = 0 only means that the average EDM is zero, but doesn't mean that the EDM of individual alkali atom is zero. Whether an individual alkali atom is a polar atom must be determined by experiments. The problem doesn't seem difficult, however, almost all scientists are misled by this misconception.
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Fig.1 From the entropy S=0, the critical voltage Vc =68volts. When V>>Vc, C ≈ C0 (C0 is the vacuum capacitance), this result implies that almost all Na atoms (more than 98%) were to line up with the electric field. We create BEC with 2.51×1017 Na atoms, which is the condensation in momentum space.
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