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Fig. 1. (a) The ultracold fermions are trapped in a quasi-
one-dimensional background optical lattice along the cavity
axis & . These fermions are pumped by two circular-
polarized transverse (along 2 ) lasers and the cavity mode is
driven by a linear-polarized longitudinal (along &) laser.
(b) the atomic energy levels and their transition. See main
text for the corresponding transition processes and the
definition of the labels.
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Fig. 2. (a) The cavity field || for systems in different fillings with A > 0. The plotted parameters are chosen as Vp = 5FER,
k =100ER , Ac = —10ER, kgT = Er/200, and U = 5Eg . (b) the cavity field |a| for systems in different fillings with A < 0.
The plotted parameters are chosen as Vo = —5ER , kK = 100ER , Ac = —100ER , kgT = Er/200, and U = —Eg . We consider a

lattice of sites 80 with different fillings.
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Fig. 3. The spin structure factors S, (k) for systems in different fillings: (a) kr/Er = 3/8; (b) kg/Er = 1/2; (¢) kp/Er =5/8

(The plotted parameters are the same as those in Fig. 2(a)).
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(The plotted parameters are the same as those in Fig. 2(b)).
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Fig. 5. (a) The phase diagram in the kp —n4 plane for the system with blue-detuned atomic detuning (M, AF-SR, and FM-SR
correspond to metallic phase, antiferromagnetic superradiant phase, and ferromagnetic superradiant phase, respectively. The plotted

parameters are the same as those in Fig. 2(a)); (b) the phase diagram in the kg — na plane for the system with red-detuned atomic

detuning (AF-SR corresponds to the antiferromagnetic superradiant phase. The plotted parameters are the same as those in

Fig. 2(b)).
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Abstract

In this work we show that the superradiance of the cavity photons can give rise to a magnetic
transformation for the atomic system when the quasi one-dimensional Fermi gases are coupled to an optical
cavity. This magnetic transformation has a close relationship with the atomic detuning and the filling number.
When the interaction between the atoms is neglected, the mean-field approximation may be used in the
superradiant phase. In this approximation, we analyze the static spin structure factors of the system with
different filling numbers and atomic detuning. Then we characterize the cavity photons-assisted magnetic
transformation and obtain the phase diagrams which are dependent on the cavity parameters. Finally, the

feasible experimental parameters of our results are also discussed.

Keywords: effective optical lattice, superradiance, spin structure factor, magnetic correlation
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