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Fig. 1. Level diagram of an OFR. An impurity atom in the
le 1) state is immersed in a Fermi gas of alkaline-earth-like
atoms in the |g |) state. d; and . are the Zeeman shifts
of the |g) and |e) manifolds, respectively.
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Fig. 2. (a), (b) The eigenenergy in the molecular state varies with § and 1/(kjras); (c) the wave functions' distribution in the open

and closed channels; (d) the effective mass for the molecular state whose energy is closed to the threshold energy when Q # 0.

Reproduced from Ref. [23].
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Fig. 3. (a), (b) The eigenenergy in the attractive polaron state varies with ¢ and 1/(kjras); (c) the wave functions' distribution in

the open and closed channels; (d) the effective mass for the attractive polaron state when Q # 0. Parameters here are the same as
those in Fig. 2. Reproduced from Ref. [23].
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Fig. 4. (a), (b) The eigenenergy of the molecule (black solid) and polaron (blue dashed) states vary with § and 1/(kyras). The
transition point is around 6./Er ~ —2.3 and 1/(kjrac) ~ 0.81; (c) the transition point Jc (black solid) and the corresponding
energy E¢ (red solid) vary with particle density. Reproduced from Ref. [23].
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Fig. 5. The spectral function of the polaron state as a
function of & and energy for Q = 0. The red solid line
represents the energy of molecule state, which is given by
Eq. (8), and the black dashed-dotted line is the energy of
attractive polaron state given by Eq. (11). The value of the
crossing point for these two lines is dc/Ef = —2.3. The
blue dashed line denotes the repulsive polaron energy given
by Eq. (15). At large negative &, the branch of repulsive
polaron merges into the molecule-hole continuum, which is
represented by the broad light yellow area. When § is a
positive value, because of the closed channel scattering
continuum, the repulsive polaron branch will be blurred.
Reproduced from Ref. [30].
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LIS A oS

Fig. 6. (a), (b) Quasiparticle residues Z+ and effective masses for the attractive (blue dashed) and repulsive (red solid) polarons as

functions of §; (c) the decay rate " varies with ¢. Reproduced from Ref. [65].
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Fig. 7. Level diagram of an OFR, which has two fermi seas.
An impurity atom in the |e 1) state is immersed in a Fermi
gas of alkaline-earth-like atoms in the |gl) and |g 1)
states. 04 and de are the Zeeman shifts of the |g) and |e)
manifolds, respectively.
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Fig. 8. The eigen energies of molecule and attractive polaron states vary with § when Q =0 and (a) k=0, (b) kr =1, (¢)

E+p = 2; (d) the transition point dc varies with kqp, where the black solid line represents d. and the red dashed-dotted line is the

Fermi level Eyp = k%F. Reproduced from Ref. [30].
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Fig. 9. The fractions of wave functions for molecule ((a), (c)) and attractive polaron states ((b), (d)) with zero center-of-mass

momentum. The parameter in this figure is kqp = 1 for (a) and (b), k4 =2 for (c) and (d). Reproduced from Ref. [30].
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Fig. 10. (a), (b) The quasiparticle residue Z; and the effective mass mpy vary with & for different values of kqp. The obvious

kink structure when kqp = 0 appears near 6/FE|r = —0.87. The inset of (a) is the residues for attractive polarons; (c) the decay

rates vary with & for different values of kqp. Reproduced from Ref. [30].
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Fig. 11. The eigen energies of molecule and attractive polaron states vary with § when Q = 0 in a two-dimensional system and (a)

krp =0, (b) kg =1, (c) kqr = 2; (d) the transition point Jdc varies with kqp, where the black solid line represents dc and the

red dashed line is the Fermi level Eqp = k%F
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SPECIAL TOPIC—Cold atoms and molecules

Impurity problem of alkaline-earth-like atoms near an orbital
Feshbach resonance’
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Abstract

In recent years, alkaline-earth and alkaline-earth-like atoms have attracted much research interest in the
field of ultracold atom. Especially, the recently discovered orbital Feshbach resonance makes it possible to
investigate a strongly interacting gas of alkaline-earth or alkaline-earth-like atoms, which has greatly enriched
the scope of quantum simulation in these systems. This paper focuses on the impurity problem in a Fermi gas of
I™Yh atoms near orbital Feshbach resonance. In this problem, the impurity atom in 3P, state will interact with
the background Fermi sea in the ground state and the molecule or polaron state will be produced out of the
Fermi sea. By using the Chevy-like ansatz, we investigate the properties of the molecule and attractive polaron
states firstly and a transition between these two states will be found. Then, some properties of the repulsive
polaron state will be introduced, such as the effective mass and the decay rate. Furthermore, the effect of an
additional Fermi sea will be considered in this system. Finally, we will discuss the impurity problem in a two-

dimensional system.

Keywords: alkaline-earth-like atom, orbital Feshbach resonance, the molecule state, the polaron state
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