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We study the impurity problem in a Fermi gas of '"?Yb atoms near an orbital Feshbach resonance
(OFR), where a single moving particle in the 2Py state interacts with two background Fermi seas of
particles in different nuclear states of the ground 'Sy manifold. By employing wave function ansatz to

molecule and polaron states, we investigate various properties of the molecule, the attractive polaron,
and the repulsive polaron states. In comparison to the case where only one Fermi sea is populated,
we find that the presence of an additional Fermi sea acts as an energy shift between the two channels
of the OFR. In addition, quantum fluctuations near the Fermi level can also induce sizable effects to
various properties of the attractive and repulsive polarons.
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1 Introduction

Ever since the orbital Feshbach resonance (OFR) was
proposed theoretically [1] and realized experimentally
2, 3] in '™YDb atoms, much effort has been devoted
to alkaline-earth(-like) atoms which greatly enriched the
scope of quantum simulation in these systems [4-15].
Among these studies, the study of polaron and molecule
states in a system of an impurity fermion immersed atop
a Fermi sea consisting of particles of another species is
of particular interest [13-15]. For alkali atoms near a
magnetic Feshbach resonance, such an impurity problem
has caught great attention in the past decade [16-27]
and is considered to be closely related to itinerant ferro-
magnetism [28-34] in Fermi systems with large polariza-
tion. In the context of alkaline-earth(-like) atoms near
an OFR, recent studies considered the configuration of
a single impurity in the excited orbital state interacting
with a majority Fermi sea in one of the ground orbital
states and discussed various properties of the polaron
and molecule states [13-15]. From these studies, it is un-
derstood that the polaron and molecule states in such a
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system are drastically different from those in alkali atoms
because the OFR in this case is a narrow resonance with
two-channel nature and a spin-exchange interaction.

In this manuscript, we fully employ the multichan-
nel nature of an OFR and consider a generalized impu-
rity problem, where a single atom in the excited orbital
state interacts with two background Fermi seas in the
ground orbital states with different spin indices. Taking
the atoms of 1"3Yb as a concrete example, the ground
(denoted as |g)) and excited (|e)) orbital states corre-
spond to the two clock-state manifolds 'Sy and Py, re-
spectively. As the total electronic angular momentum is
zero (J = 0), the nuclear and the electronic spin degrees
of freedom are decoupled such that the states with differ-
ent nuclear magnetic numbers m; can be labeled as pseu-
dospins [1) and |} ), which are Zeeman shifted in the pres-
ence of an external magnetic field. Without loss of gen-
erality, we may refer to the scattering channel consisting
of |gl) and |eT) states as the open channel, and the one
consisting of |¢g1) and |el) as the closed channel. Due to
the differential Zeeman shift between the two channels,
an OFR occurs when a two-body bound state within one
channel becomes degenerate with the threshold of the
other, leading to a crossover from the Bardeen-Cooper-
Schrieffer (BCS) regime to the Bose-Einstein condensate
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(BEC) regime.

The system discussed in this manuscript is illustrated
in Fig. 1, where a mobile atom in the |eT) state is inter-
acting with the two ground state Fermi seas of |¢g1) and
lgl) atoms. Next, employing the Chevy-like ansatz for
the polaron state with one particle-hole fluctuation and
for the bare molecule state without particle-hole fluctu-
ations [16, 17], we characterize various properties of the
attractive polaron and the molecule states including the
eigen energy, the wave function, and the effective mass.
We specifically demonstrate that there exists a molecule-
attractive polaron transition across the OFR, with the
transition point varying with the Fermi levels. We further
focus on the quasiparticle excitation called the repulsive
polaron and investigate the corresponding spectral func-
tion, eigen energy, wave function, quasiparticle residue,
effective mass, and decay rate. From these results, we
conclude that the presence of an extra Fermi sea acts
mainly as an energy offset of atomic states, which can
be understood as an effective shift of the inter-channel
detuning. Meanwhile, the fluctuation around the Fermi
level induced by interaction can also blur the resonant-
scattering processes and smoothen the kink structure in
various quantities of the repulsive polaron.

The remainder of this paper is organized as follows.
In Section 2, we present the Hamiltonian of the system
under consideration and introduce the formalism of the
wave function ansatz. The properties of the molecule
and attractive polaron states throughout the resonance
region are discussed in Section 3. Then we focus on the
repulsive polaron state and discuss its properties in Sec-
tion 4. In Section 5, we summarize our study.

2 Formalism

We consider the problem of a single impurity immersed in
a two-component Fermi gas of alkaline-earth-like atoms
across an OFR. The system is composed of atoms in
two electronic orbital states labeled by (g, e) and two
nuclear spin states by (1, J), where the open and the
closed channels are formed by the combinations |o) =
T5(lglset) —letsgd)) and |e) = J5(lgtiel) — leligt)),
respectively. The Hamiltonian of the system can be writ-
ten as

H= Z €k (a;fcgia’kgi + a';-ceia'k:el)

k
+ ) (e + ) (ak g1 akgt)
k
+> (er + 8e) (ahr@her) + Hin. (1)
k
Here aLpa and agp, are creation and annihilation opera-

tors associated with fermions with three-dimensional lin-
ear momentum k, electronic orbital state p = (e, g), and
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nuclear spin (pseudo-spin) state ¢ = (1,J). Due to the
differential Zeeman shift, the single-particle dispersions
€x in the open and closed channels are shifted by detun-
ings 6. and d4 respectively, as illustrated in Fig. 1. An
OFR occurs as the bound state energy within the closed
channel becomes degenerate with the scattering thresh-
old of the open channel, or vice versa, by tuning d. — d.

The interaction Hamiltonian can be expressed in the
basis of the orbital symmetric state [+) = £ (|ge)+|eg))®

(=) = %(|0> —lc)) and the orbital antisymmetric

state |—) = 3(Ige) — leg)) ® (I11) + 1)) = 5 (o) +e)),
and takes the following form [13]

A = 3 [ Ay + (4],
q
+AL,¢A%¢ + AILTA‘LT>} (2)

with the operators defined as

Ag 4 = Z(a—k+q,g¢ak+q7eT — O—ktq,g10k+q.el)
k

Aq- = Z(a—kﬁ-q,giakﬁ-q,eT + a-k+qgtQk+q.el);
k

Agy = (0-kiqglrrgel + O kiqglkrg.el);
k

Agr = (0 kitqgtriqer + 0 kiqorriger) (3)
k

The interaction strengths g+ are related to the corre-
sponding s-wave scattering lengths a1 via the standard
renormalization relation 1/g+ = 1/¢% — >, 1/(2¢k),
where g§ = 4wh?ay/m are physical interaction param-
eters with m as the atomic mass. Throughout the pa-
per, we consider the atom of '"®Yb as a particular ex-
ample, where the scattering lengths a; = 1900ag and
a_ = 200ag with ag as the Bohr radius [3, 8].

The fermion impurity problem, by definition, is to
impose the minority impurity atoms against a major-
ity Fermi sea formed by fermions of another type. In
this study, we take advantage of the multistate nature of

Fig. 1 Level diagram of an orbital Feshbach resonance. An
impurity |e?) is immersed in a two-component (|g}) and |g1))
Fermi gas of alkaline-earth(-like) atoms. The impurity can
interact with one atom in the |gl) state and the two particles
in the open-channel can be scattered into the closed channel
(lg1) and |e]) states) through a spin-exchange interaction.

Jin-Ge Chen, et al., Front. Phys. 13(4), 136702 (2018)
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OFR and consider a generalized configuration of a single
impurity in the |e1) state immersed in two Fermi seas of
N, atoms in the |g]) state (open channel) and Ny atoms
in the |g1) state (closed channel), as illustrated in Fig. 1.
We study the molecule and polaron states within such
a system using the Chevy-like ansatz [16, 17], which is
equivalent with the summation of particle-particle ladder
diagrams for the vertex in a nonself-consistent T-matrix
approach [17].

In a molecule state, the |ef) impurity scatters one
atom out of the |g))n), Fermi sea and the two atoms
form a bound state; or they can be scattered into the
closed channel through the spin-flipping processes of the
interaction. We then assume a trial wave function as

|M)q = Z akaIQ—k,eTach,gﬂg\L)NJ,—l|gT>NT
|k|>kip

+ Z 5kaa,k,e¢a;&,gT|gi>N¢—1|9T>N77 (4)
|k|>krr

where Q denotes the center-of-mass momentum, and oy
and [y are the coefficients of the open and closed chan-
nels, respectively. Notice that the summations over lin-
ear momentum k run over states above the correspond-
ing Fermi seas with Fermi momenta k| r and kyp.

By evaluating the energy expectation Ejy(Q) =
o(M|H|M)g and taking the variations of aj and Sy,
we can derive the equation for the energy of the molecule
state [13]

1 1/1 1 ,
MJFi <p+g£> (0q +Og —2A.)
+(@Q - Ac)(@IQ - Ac) =0, (5)

where

Ep—eQ—(se: Z

lg|<kr

where

1
F/Qq: Z

€k — €q + € k+06.—Ep’
k| >k, p k q Q+g—k e P

Fog= ¥ ! (9)

€ — € € _ 6, — Ep’
kishe F T @ T CQrak 09 T BP

Notice that one could write down another polaron
state wave function ansatz |P’)g from Eq. (7) by inter-
changing the spin indices 1<+|. Since the spin-exchange
interaction H, int conserves the number of particles in each
spin state, the two polaron states | P) and |P’) belong to
different Hilbert spaces. As a result, the equation for the
eigen energy Eps is completely separated from Eq. (8)

Jin-Ge Chen, et al., Front. Phys. 18(4), 136702 (2018)

o = !
ki +egok+0c— Eum
1
Oq = (6)

kik e BTk Oy = Bnr’
and A. = ), 1/(2€x). Notice that in the expressions
above, we shift the energy reference to Eyy = Ear —
D lke| <k, r €k — 2ok <kpp (€ +0g). With such a reference,
the threshold energy Ei, equals d. for a noninteracting
zero-momentum impurity |e1) on the two Fermi surfaces
of |g{) vy and [g1) N+

For the polaron state, we consider the following ansatz
wave function

Pla=(10hy+ 3 ouathis surohoita
|k|>k, F
lql<kyr

+ Z quag+qk,e¢a;g¢aq,g¢> l94) v ilgt) ne

|k|>kyr
la|<kir

(7)

In this expression, the first term corresponds to a bare
impurity in the |ef) state and two unperturbed Fermi
seas, the second term represents a state with one pair of
particle-hole excitation atop the |gl)n; Fermi sea, and
the third term corresponds to a state where the fermion
created above |g))n, Fermi sea interacts with the |eT)
impurity and both are scattered into the closed channel.

We can derive the energy equation for the polaron
state following the same method as that for the molecule
state, which leads to

2 —1y !
11 1 11 1\[i/1 1
N+ )+ —AC—<—) [(+)+F —Ac} , 8
{Q(Qﬁ 91-’) Qa a\dl 7)) 12\ ") ®)

T

and takes the same form by interchanging J. <+ d4. In the
following discussion, we focus on the |P) state without
loss of generality. We further assume d, = 0 as a trivial
shift of energy reference, and use the unitsof kyp = h =1
and m = 1/2 for a gas of 1™Yb atoms with a number
density n) =2 x 10" cm™ for the |g]) state.

3 Molecule and attractive polaron states

We first study the case of zero center-of-mass momen-
tum Q = 0, and solve Eq. (5) and (8) to obtain the
energies of the molecule and polaron states. Notice that
for polarons, there could exist two branches of solutions
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with energies below and above the threshold energy Eiy,
which correspond to the attractive and repulsive po-
laron states, respectively. In this section, we focus on
the attractive polaron branch, discuss its transition to
the molecule state, and leave the study of repulsive po-
laron to Section 4.

In Fig. 2, we show the energies of the molecule and at-
tractive polaron states with @ = 0 by varying the Fermi
level of kyp. Figures 2(a)—(c) confirm that for all val-
ues of kyp, the ground state is always the attractive po-
laron state when J. is far negative, and turns into the
molecule state as d, increases beyond a transition point
0¢. The transition points for the three cases illustrated
in Fig. 2 are all within the BEC side of the OFR, with
(a) 5§/E¢F = —2.28, 1/(k¢pac) =~ 0.81 for kTF/k,LF = 0;
(b) 6§/E¢F = —1.50, 1/(k¢FaC) ~ 1.01 for kTF/kJ,F = 1;
(C) 5§/E¢F = 2.02, 1/(k}u:'ac) ~ 0.87 for kTF/kJ,F = 2.
Here, the critical scattering length, a., is obtained from
the relation [8]

a. = —Qs0 + V m|§g|/h2(a‘30 B agl) (10)
¢ asor/m|0¢|/h? —1 ’

where as0 = (a— +a4)/2 and as1 = (a— — ay)/2.

To further illustrate the effect induced by the addi-
tional Fermi surface in the closed channel, we plot the
transition point ¢ as a function of Fermi momentum k4 p
as shown in Fig. 2(d). Notice that the transition point
increases monotonically with the Fermi level, reflecting

P
=
-~

ko Ik

Fig. 2 (a—c) The eigen energies of the molecule and attrac-
tive polaron, shifted by the threshold energy FEiy, with zero
center-of-mass momentum and (a) kyp = 0, (b) krrp = 1, (¢)
k+r = 2. The transition points move toward large positive
0. with increasing ktr. (d) The transition point d¢ varying
with k+r. The black line is the calculated result and the red
dotted line is the Fermi level E1p = k%F When krr < 2, the
increase of dg almost coincides with E4r, indicating that the
Fermi level mainly acts as an energy shift. When k+r 2 2,
the deviation gradually becomes significant, due to the fluc-
tuation effect atop the Fermi level in the closed channel.
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the fact that the presence of the |g1) Fermi sea blocks
the states below the Fermi energy, hence providing an ef-
fective offset of the closed channel energy é,. As a conse-
quence, the open channel energy J. also needs to elevate
by the same amount to compensate such a shift. In fact,
the transition point can be well approximated by the
Fermi energy E;p for a kyp not too large, as depicted in
Fig. 2(d). The deviation is expected to be caused by the
interaction-induced fluctuation around the Fermi level.
We also calculated the fractions of wave functions in
the open and closed channels for the molecule and attrac-
tive polaron states, as illustrated in Fig. 3. By comparing
with results of k4+r = 1 and kyr = 2, we find that the
overall structures of the wave functions are very similar,
except for an energy offset-shift. In particular, for both
the molecule and the attractive polaron states, the wave
functions are dominated by the open channel fraction in
the negative 0. region, while in the positive d. region
the closed channel fraction becomes significantly popu-
lated. Besides, we also notice that for the attractive po-
laron state, the bare polaron population |v|? is dominant
in the BCS limit of the OFR with a large negative J..
When tuning towards the resonance, the fractions with
particle-hole fluctuations in both the open and closed
channels are enlarged due to enhanced effective interac-
tion. When 6. gradually increases, the wave function is
dominated by the part in the closed channel Y~ |3|? as

(a) 10 Molecule %bg Attractive polaron
o k=1 k=1 )
o S 2B,
S =T IV s, P
5 0.5+ >~ 0.5+ ~ Phe
g .- S
&) - - ,~’~
0.0 -
-8
(©
1.0

2B
T

T T O~O T T T
=5 0 5 10 =5 0 5

S JE,p

Fig. 3 The fractions of wave functions in different chan-
nels for molecule (a), (¢) and attractive polaron states (b),
(d) with zero center-of-mass momentum. Panels (a) and (b)
are both for k+p = 1, and (c) and (d) for kyp = 2. For
both the molecule and attractive polaron states, note that
when 4. is large negative (positive), the open channel con-
tribution 3~ |a|? is bigger (smaller) than that of the closed
channel 3" |8)?, because the open channel is energetically fa-
vored (unfavored). For the polaron state, the bare-impurity
channel |y|? rapidly decreases with d. and approaches zero
with large positive d., where the particle-hole fluctuation be-
comes dominated as a result of strong interaction.

Jin-Ge Chen, et al., Front. Phys. 13(4), 136702 (2018)



RESEARCH ARTICLE

the open channel is largely detuned and becomes ener-
getically unfavorable with large positive J.. These obser-
vations are qualitatively consistent with the results for
the impurity problem with only one Fermi surface [13].
Next, we discuss the general situation of @ # 0. For
momentum not very far from ¢ = 0, we can perform
a series expansion of @) in Egs. (5) and (8) to calculate
the effective masses of molecules and attractive polarons.
In the region of large negative d., where the attractive
polaron is the ground state, the effective mass for the po-
laron state is positive and tends to the limiting value of
mp/m — 1 in the BCS limit of §. — —oo as illustrated
in Figs. 4(b) and (d), where the system reduces to a
noninteracting impurity atom atop the two unperturbed
Fermi seas. When J. goes beyond the transition point
0¢, the molecule becomes the ground state with positive
effective mass. Note that as the OFR cannot be tuned
into the BEC limit with a, — 0T, the molecule state ef-
fective mass remains mj},/m > 2 in this region of J., as
displayed in Figs. 4(a) and (c). By further increasing o,
to large positive values, the effective masses of both the
molecule and attractive polaron states present a diverg-
ing behavior and become negative, indicating that the
ground state of the system would acquire a finite center-
of-mass momentum [13]. In fact, as the open channel is
largely detuned above the closed channel with large pos-

(@) Molecule (b) Attractive polaron
1

k=2
_3 T T T T T _2 T T T

kyp=2

oo

5 0 5 10 15 4 0 4
O E 8, E

Fig. 4 (a, c) The inverse effective mass of molecule
state with zero center-of-mass momentum for (a) ktp = 1
and (¢) k+r = 2. In (a) the molecule effective mass di-
verges at 0./E r ~ —6.36 and 6.36, both corresponding to
1/(kyras) = —0.90, on the BCS side of the resonance. In
(c) the diverging points are d. ~ —3.89, 1/(k,ras) ~ 0.43
and 0. ~ 11.00, 1/(k ras) ~ —1.23, respectively on the
BEC side and BCS side. (b, d) The inverse effective mass
of attractive polaron state with zero center-of-mass momen-
tum for (b) k+r = 1 and (d) k+r = 2. For k4p = 1,
mp diverges at . ~ 0.62, corresponds to the BEC side
with 1/(kjras) = 1.29. For kyp = 2, the diverging point is
de ~ 4.80, which is on the BEC sides with 1/(k,ras) = 0.22.

Jin-Ge Chen, et al., Front. Phys. 18(4), 136702 (2018)

itive d., the impurity tends to stay in the closed chan-
nel such that the wave functions ansatz in Eqs. (4) and
(7) become energetically unfavorable compared to their
inter-channel counterparts with interchanging 1<>|.

4 Repulsive polaron

In this section, we investigate the properties of the re-
pulsive polaron branch with energy Ep above the nonin-
teracting threshold Eyy,. For this purpose, we write down
the self-energy of a polaron with energy Ep and momen-

tum Q as [22, 28]
1/1 1
l2 (g’i+gﬁ> +F/Qq_A

1( 1 1)2 1
A\ b T T p
4 9- g+ %(i"‘i) +FQq_Ac

g” T gf

3(Q, Ep)= Z

lgl<kyr

(11)
where the functions I'g, and I'gq are defined in Eq. (9).
The spectral function thus takes the following form.
1

Ep +i0t — (GQ + 66) — E(Q, Ep)7
(12)

A(Q, Ep) = —2Im

where eg + 0. is the energy of a bare impurity with mo-
mentum Q.

In Fig. 5, we plot the spectral function as a function
of . and energy E for Q = 0 and k4p = 1. There ex-
ist two branches where the spectral function is strongly
peaked. The lower branch at energy Ep_ — Ey, < 0 cor-
responds to the attractive polaron discussed in the previ-
ous section. When d./k;p < —1.5, the attractive polaron
is a stable ground state. As d./k;r goes beyond —1.5,
the attractive branch becomes unstable towards decay
into a molecule and a hole, or a molecule, two holes,
and a fermion, or a molecule and other higher particle-
hole excitations, which is referred as the molecule-hole
continuum which is illustrated by the light-yellow area
above the attractive polaron branch in the figure. The
upper branch at Epy — Ey, > 0 corresponds to the re-
pulsive polaron. For §./kjp < —4.0, the repulsive po-
laron branch merges into the molecule-hole continuum.
For —4.0 < 0./k r < 0, the repulsive polaron is a well-
defined quasiparticle with strongly peaked spectral func-
tion. As d./kyr 2 0, the repulsive polaron peak is also
blurred owing to the coupling between the repulsive po-
laron and the closed-channel scattering states [15]. These
two branches of polaron state can also be obtained from
the relation

Ep — 6. = Re[2(Q = 0, Ep)]. (13)
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S IE

Fig. 5 False color plot of the spectral function A(Q =
0, Ep) of the polaron state as a function of detuning . and
energy in log, scale for the case of k+r = 1. The red solid line
is the molecule energy given by Eq. (5) and the black dashed-
dotted line is the attractive polaron energy given by Eq. (8),
crossing at d¢ /k,r ~ —1.50. The blue dashed line denotes the
repulsive polaron energy given by Eq. (13). At large negative
de, the repulsive polaron merges into the molecule-hole con-
tinuum which is denoted by the broad light yellow area. For
positive ., the repulsive polaron branch is also blurred as a
result of coupling to the closed channel scattering continuum.

In fact, the solutions of the equation above are consistent
with the peaks of the spectral function, as depicted in
Fig. 5.

We now characterize the repulsive polaron state by
calculating its populations of wave function in differ-
ent channels, the quasiparticle residue, and the effective
mass. The residue of a polaron state is defined as [37]

-1
= I Y
Ep+

and the effective mass as [37]

-1
0X(Q, FE
mp, = Zﬂi{l—l—Re [_(8%2 P)] oo, } . (15)
Ep=Ep+

From Figs. 6(a) and (b), we find that the repulsive po-
laron is mainly composed by a bare impurity for é. not
so negative, where the wave function acquires a domi-
nating term of |y|?. This is consistent with the behav-
iors of quasiparticle residue [Fig. 6(c)] and effective mass
[Fig. 6(d)], both of which indicate that the repulsive po-
laron tends to reduce to a bare impurity with residue
Z, — 1 and bare atomic mass mp, — m = 1/2, which is
weakly interacting with the majority background Fermi
seas in the limit of large positive J. [28].

In addition, we note that the kink structure present
in the case of a single Fermi surface with kyp = 0 is
blurred and eventually smoothened by imposing an addi-
tional Fermi sea. The occurrence of these kinks is rooted
from a resonance-like behavior, where the atoms in one

136702-6
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Fig. 6 (a, b) The populations of repulsive polaron wave
function in different channels for (a) kyp = 0 and (b) k4p =
1 with zero center-of-mass momentum. Note that the bare
impurity channel |y|> becomes dominating with increasing
de, indicating that the interaction effect between the bare
impurity and the background Fermi seas is small, as can also
be implied from (c) the quasiparticle residue Z; and (d) the
effective mass mp, . The wave function, residue, and effective
mass all have an obvious kink structure near d./k r = —0.87
for k+r = 0, as a result of resonant-like scattering between the
two channels [15]. In the presence of the second Fermi sea, the
kinks are shifted to large d. to accommodate the energy offset
induced by the Fermi level Ft+r, and are smoothened due to
the fluctuations around the Fermi sea induced by interaction.
(c) Inset: Residues for attractive polarons.

channel can be resonantly scattered to the other channel
when the detuning satisfies the energy-momentum con-
servation relations [15]. Such resonance effect is most
prominent when the closed channel is empty so that the
states therein are strictly forbidden if the conservation
laws are unsatisfied. In the case where a Fermi sea is
filled in the closed channel, the kinks are shifted due to
the energy offset of the Fermi level E;r, and also blurred
because the states below the Fermi levels are no longer
strictly forbidden in the presence of interaction.

As an excited quasiparticle, the repulsive polaron has
a finite width in the spectral function and can decay
into low-lying states. For alkali atoms, it has been shown
experimentally that the dominating decay channel is the
coupling to the bare impurity state in the attractive-
polaron branch as the interaction is not in the deep-BEC
regime [37]. For the present case of OFR, it is natural to
assume that the scenario is similar in consideration of
the fact that the repulsive polaron wave function mainly
consists of the bare impurity, as shown in Figs. 6(a) and
(b). Such a decay rate can be calculated as [15, 22, 28, 37]

I'pp = —2Z41Im[%(0, Epy)], (16)

where Z is the residue for the repulsive polaron, and

Jin-Ge Chen, et al., Front. Phys. 13(4), 136702 (2018)
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S(Q,Epy)= Y,

lql<kyr g

+

Note that in the expression for ¥, we have replaced the
free-fermion propagator (I'g, —A) by (1-Z24)(T'g, —A)
in the self-energy ¥ of Eq. (11) in order to take into
account the fact that the final state of the decay channel,
i.e., a bare impurity in the attractive-polaron branch,
exists with a probability approximately given by (1 —
Zy).

The results of I'pp calculated from Eq. (16) are shown
in Fig. 7. The overall behavior of I'pr as a function of
de is qualitatively similar for different values of k4p. To
be specific, in the regime of small negative and positive
J. where the open-channel is detuned above the closed
channel, the decay of the repulsive polaron is dominated
by the closed channel. The decay rate increases as the
system is tuned further towards large positive J.. On
the other hand, in the regime of small positive and large
negative J. where the open channel is energetically fa-
vorable, the decay rate is open-channel dominated and
increases with further decrease in d.. The competition
between the two channels thus gives rise to a nonmono-
tonic behavior of I' p, which features a sharp dip when
the two channels are nearly degenerate giving rise to a
resonantly enhanced inter-channel scattering. On mov-
ing further towards the BCS limit of large negative J.,
the decay rate first starts to drop due to the decreasing
quasiparticle residue, Z,, as shown in Fig. 6(c), and fi-
nally becomes undefined as the repulsive polaron branch
eventually merges into the molecule-hole continuum as
illustrated in Fig. 5, where the repulsive polaron is no
longer a well-defined quasiparticle.

0.15-

Fig. 7 The decay rate from repulsive polaron to bare
fermions, showing a non-monotonic behavior with d.. With
increasing k+r, the minimal value of the decay rate shifts to
compensate the relative offset of Fermi energy E;r. The dip
also becomes less sharp due to the fluctuation effect around
the Fermi level.
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5 Conclusion

We studied the impurity problem of Fermi gases near
an OFR, where an atom in the |ef) state is immersed
inside two Fermi seas filled by the two |g) states. By
calculating the energies of the molecule and attractive
polaron with zero center-of-mass momentum @ = 0, we
confirmed a polaron-to-molecule transition by crossing
an OFR, whose exact location was shifted due to the
presence of Fermi level Fyr in the closed channel. We
further studied the properties of the attractive polaron
and molecule states by characterizing the wave func-
tion and the effective mass. For the repulsive polaron
state, we introduced the retarded self-energy ¥ to calcu-
late the spectral function, the quasiparticle residue, the
wave function distribution, the effective mass, and the
decay rate. From these results, we concluded that the
presence of an additional Fermi sea in the closed chan-
nel acts as its energy offset and consequently shifts the
polaron-molecule transition and other key characteristics
to higher values of detuning d.. The fluctuation around
the Fermi level induced by the spin-exchange interaction
also blurred the resonant-like behavior and smoothened
the kink structure in various properties of the repulsive
polaron. Our results can be studied experimentally us-
ing the experimental techniques in alkaline-earth(-like)
atoms.
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