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Phase Separation in a Pseudospin-half Bose Gas

GAO Bingjie', HE Li*
(1. Institute of Theoretical Physics, Shanxi University, Taiyuan 030006, China;,
2. College of Physics and Electronic Engineering, Shanxi University, Taiyuan 030006, China)

Abstract: The quantum coherence between the internal states has a significant impact on physical properties of a spinor many-body
system. Using the mean-field theory, this work studies the ground state phase diagram of a pseudospin-half Bose gas with vanishing
small Rabi coupling strength. When the intra-spin repulsive interactions are in an asymmetric form, the phase separation of two satu-
rated ferromagnetic condensate with opposite spin-polarization occurs under the appropriate detuning parameters. The density inter-
val for the phase-separated state is determined from the thermodynamic balance conditions. In the transition region, the pressure-vol-
ume curve shows a characteristic plateau, similar to a classic liquid-gas transition. At the phase boundary between the paramagnetic
state and phase-separated state, the isothermal compressibility diverges. The contrast of such phase-separation with the immiscible
phenomenon in the incoherent Bose mixture is discussed. The results obtained in this paper provide a basis for the further study of
the ground state properties of a spinor condensate with finite Rabi coupling strength.
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Note: Dotted lines indicate the transitions between the saturated
ferromagnetic phases (SFM) and the paramagnetic phase (PM).
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Note: The featured horizontal plateaus (bold lines) correspond to the phase separation (PS) of two saturated-ferromagnetic BEC with
opposite spin-polarization. In the shadowed region, where the phase separation occurs, the uniform saturated ferromagnetic phases

(indicated by black solid lines) are metastable, and the paramagnetic phase (indicated by pink dotted line in the left panel) suffers the

2
mechanical instability. For both plots, P is measured in unit of the pressure of the phase-separated state P, = A
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