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Chiral Currents in Bose-Fermi Mixtures Tube
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Abstract: We studied the chiral edge currents of fermions in a Bose-Fermi mixture tube model, where the Bose-Fermi interaction
causes the modulation of the density of bosons and fermions. Thus we focused on the influence of different boson states (superfluid
or Mott-insulator) on the chiral edge currents of fermions when the density is perturbed. Based on the exact diagonalization and den-
sity-matrix renormalization groups, the Fermi currents sequence parameters of the ground state of the system were calculated. We
found that when the boson is in a superfluid state, the Bose-Fermi interaction drives the Fermi edge currents from Meissner to vortex
vacuum phase separation (V-PS,) and vortex full-band phase separation (V-PS,). When the boson is in the Mott-insulator, the Bose-
Fermi interaction drives the Meissner currents into another vortex phase separation (V-PS;). Finally, the currents phase diagram of
the system as a function of interaction is shown. The discovery of three new currents phases enriches the variety of currents phases
and provides theoretical support for further research on singular chiral currents induced by the coexistence of artificial gauge fields
and interactions.
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Fig. 1 Illustration of Bose-Fermi tube

The blue dots represent fermions, which are analogous to the
Fermi ladder lattice of two chains, the two chains are the spin-

up fermion chain and the spin-down fermion chain, the fermi-
on tunneling rate of adjacent lattice points is #;, and the interac-

tion between fermions at the same lattice point is U,. The

green dot represents the boson, the boson tunneling rate of ad-
jacent lattice points is #,, and the interaction between bosons of
the same lattice point is U,. The Bose-Fermi interaction at the

same lattice point is Uy, the gauge potential is @, and the tun-

Q
neling rate between the rungs of the Fermion ladder is Ee’*"l.
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points have been divided when the group is the largest current or density normalization.
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Fig. 2 Four phases (a-d) for distinguishing the current patterns
(a) Uy=2, U=5; (b) Uy=2, U=—5; (c) Uy=—2, U,=—35; (a)—(c) other parameters U,=0, L=N,=60, N,=20;

=60, N,=20;

(d) Up=2, U,=—5, U, =10, L=N, =N, =60.
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Fig. 3 Current phases in various interactions
(a) The phase-diagram of chiral currents J, with U, when U, =2; (b) the phase-diagram of chiral currents J, with U, when U,=—5;
(c) finite size analysis of J |, L=30, 45, 60, 75, 90, 120
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(a) U,=0, N,=20; (b) U,;=10, N,=60; In all subfigure, we have L=60. Meissner represents Meissner phase, V-PS,, V-PS, and V-PS,

represent three different vortex phase with phase-separation.
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