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Efimov effect is characterized by an infinite number of three-body bound states following a universal
geometric scaling law at two-body resonances. In this paper, we investigate the influence of two-body losses
which can be described by a complex scattering length a. on these states. Interestingly, the non-Hermiticity
allows the system to have three-body bound states of energies with nonvanishing imaginary parts and real parts
that may exceed the three-body or the atom-dimer scattering threshold. By taking the '**Cs - 1**Cs - °Li system
as a concrete example, we calculate the trimer energies by solving the generalized Skorniakov—Ter-Martirosian
equation and find such three-body bound states with energies that have positive real parts and obey a generalized
geometric scaling law. Remarkably, we also find that in some regions these three-body bound states have longer
lifetimes compared with the corresponding two-body bound states. In the absence of other loss mechanisms such
as three-atom loss, the lifetimes for these trimer states can tend to infinity. Our work paves the way for the future
exploration of few-body bound states in the complex plane.
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I. INTRODUCTION

Three identical bosons can form an infinite series of bound
states near a two-body resonance which satisfy a universal
scaling law and display a discrete scaling symmetry [1]. It is
called the Efimov effect and has been generalized to various
three-particle systems with different mass ratios and statis-
tics [2-4]. Efimov physics has been observed in a number
of cold atom experiments [5-21] as well as in gaseous he-
lium [22]. Conventionally, studies on few-body physics are
restricted in dissipationless closed systems. However, dissi-
pation is ubiquitous and naturally leads to the decoherence
or decay of quantum states. On the other hand, it can also
be used as a tool to engineer exotic new physics in open
systems [23-39]. For instance, dissipation can induce corre-
lation in one-dimensional molecular gases [23], a reentrant
superfluid transition [32,38], and distinct topological phases
with complex energy spectra, which have no Hermitian coun-
terpart in closed systems [24-30,37]. Moreover, it can also
be adopted as a probe to detect the equilibrium property of
a Hermitian system [34,35]. Thus, one might wonder how
dissipation affects few-body physics such as the Efimov effect
in a three-body system.

“zyshi @lps.ecnu.edu.cn

Published by the American Physical Society under the terms of the
Creative Commons Attribution 4.0 International license. Further
distribution of this work must maintain attribution to the author(s)
and the published article’s title, journal citation, and DOI.

2643-1564/2023/5(4)/043010(8) 043010-1

In this work, we shed light on this problem by studying the
effect of short-range two-body losses on Efimov bound states.
Two-body losses naturally occur in ultracold atom systems,
as the two-atom collision process is generically inelastic. It is
shown that such short-range two-body losses can be described
by a complex scattering length a. [40,41]. As an analog of
the conventional real s-wave scattering length, the complex
scattering length characterizes the inelastic scattering process
between two atoms and requires the two-body wave function
having the asymptotic behavior ¥ (r) ~ r~! — a_! forr — 0.
In particular, the value a_! can be experimentally tuned across
the entire upper half of the complex plane by the (optical)
Feshbach resonance which couples two ground state atoms to
an excited two-atom bound state with a finite lifetime [39,40].
This allows us to go beyond the conventional real scattering
length constraint in the few-body calculations and explore
Efimov physics in the complex a_ ! plane [42].

In the following, we focus on a three-body system con-
sisting of two heavy identical bosons and one light particle
(boson or fermion), which has been extensively studied with
no dissipation [2—4,43]. We assume there exist short-range
interactions and two-body losses between the heavy boson and
the third particle, which can be characterized by a complex
scattering length a.. And the interaction and loss between
heavy bosons are set to be zero for simplicity. One advan-
tage of this system is that the scaling factor becomes smaller
when the mass ratio between the heavy boson (with mass
myp) and the light particle (with mass mg) mp/my increases.
This facilitates both the experimental observation and theo-
retical calculation of the geometric scaling law [19-21]. For
example, in the 1*3Cs - 133Cs - °Li system, the scaling factor is
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FIG. 1. Energy trajectories of Efimov trimers in the complex
plane. For each trajectory, we fix the argument of complex scattering
length ¢ = arg(a, ') and gradually increase its norm |a; '| from zero
(unitarity) to a positive number. We only show the trimer states
that connect to the third-lowest Efimov trimers at unitarity. All the
trajectories start from the same unitarity point with £ ~ —0.35 [all
the energies are in units of E, with Ey = A?/(400m;)], while they
vanish at the three-body branch cut (E € R™) for ¢ > /2, and at the
atom-dimer branch cut (E € {E; + AE : AE € RT}) for ¢ < 7/2.
We note that the latter scenario is not visible because of its large
scale. This will be demonstrated in detail in Fig. 4. Inset is a zoom-
out of the same plot.

e¥/% 2 23.7, compared to 515.0 for three identical bosons.
Thus, we calculated the energy spectra of three-body bound
states in such a system by solving a generalized Skorniakov—
Ter-Martirosian (STM) equation with two-body losses [2,44].

It is worth mentioning that, in the literature, there have
been several related works that consider the effects of two-
particle loss on Efimov states [45,46]. The main contribution
of this work is that, based on a previous work on the two-body
inelastic scattering process by two of the authors [41], we are
able to treat both the two-body interaction and dissipation on
an equal footing by implementing a complex scattering length
a.. This point of view has not been adopted until recently
by Zhou and Cui [39]. While in Ref. [39] the three-body
problem is solved based on Born-Oppenheimer and adiabatic
hyperspherical approximations, in this work we adopt the
more strict and formal STM equation subjected to two-particle
losses. We also go beyond the restriction Re(E) < O of the
bound state energies and explore the Efimov states on the
entire lower half complex energy plane. This helps reveal the
deep holomorphic nature of the contact interaction and two-
body loss. For example, by considering the complex derivative
of the eigenenergy with respect to a !, we find that it is pos-
sible to define the complex Tan’s contact [47,48] for certain
Efimov states.

Our main result is summarized in Fig. 1. Owing to the two-
body losses, the energies of the Efimov trimers are analytically
continued from the negative real axis to the complex energy
plane. Thus, to display the complex trimer energies as func-
tions of complex a,., we fix the argument ¢ = arg(a_ ') and
gradually increase its norm |a_!| from zero to a positive num-
ber and plot the trajectories of the energies on the complex
plane. First of all, we find that at |a_'| = 0, or equivalently,

la.| = +o0, the argument ¢ does not affect the trimer ener-
gies. That is to say, the system only has one resonance point
even in the presence of two-body losses, i.e., a;! = 0 [49].
Therefore, all the trajectories start from the same point on
the negative real axis, which represents conventional Efimov
trimer energy at resonance, and continuously extend to the
complex plane for different arguments ¢. Two different sce-
narios may occur for the trajectories in the parameter regime
¢ € [0, ]. For ¢ > 7 /2, it ends at the three-body branch cut
with a positive energy E € R*, and results in an approximate
semicircle shape in the complex energy plane. One distinct
feature from the conventional Efimov effect is that the energy
trajectories do not end at the three-body scattering threshold,
i.e., E = 0, but are able to go beyond with Re(E) > 0 in the
presence of dissipation. As ¢ — m, the trajectory recovers
the Efimov result on the BCS side. On the other hand, for
¢ < m /2, there exists a two-body bound state with complex
energy E;. This energy defines the complex atom-dimer scat-
tering threshold, for no three-body bound state exists on the
horizontal ray (atom-dimer branch cut) defined by {E € C :
Re(E) > Re(Ey) and Im(E) = Im(E,)}. The energy trajecto-
ries in this region extend beyond the atom-dimer scattering
threshold with Re(E) > Re(E,) and disappear into a state
at the atom-dimer branch cut. As ¢ — 0, they again recover
the conventional result for Efimov states on the Bose-Einstein
condensate (BEC) side.

II. MODEL

Generally speaking, the dynamics of an open system are
governed by the Lindblad equation. For a three-particle sys-
tem, the dynamics are greatly simplified and the Lindblad
equation for the three-particle density matrix is fully described
by a non-Hermitian Hamiltonian [41]

2 2

Py P;

H=-2 —L
2m0 + Z 2mb +
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where ry and py denote the position and momentum of the
light particle, while r; and p; (j = 1, 2) denote the position
and momentum of the two heavy bosons. The coupling con-
stant g. is complex and is related to the complex scattering
length a, by the renormalization relation

1 m, 1 2m,
1 oy 2
g 2ma. 'V Xk: k? @)

withm, = 1/(m, L+ mgl) being the two-body reduced mass.
We note that Im(g.) must be negative to ensure the positive
definiteness of the density matrix, which means Im(a.) < 0,
or equivalently, the inverse scattering length a_ ! is restricted
in the upper half complex plane.

With the renormalization relation, one can calculate the
two-body scattering f-matrix with energy E,

(E) = 2 1

T @ = J=ImE
Note that the negative real axis is taken as the branch cut of
/- When Re(a; ') > 0, there is a pole at E; = —1/(2m,a?),
representing that the system can support a two-body bound
state with energy E; [50].
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FIG. 2. (a) |AE| = |E — E(0)| as functions of |a;l |, different colors correspond to different arguments of a;', including ¢ = 7 /6 (purple),

/3 (blue), 7 /2 (green), 2 /3 (yellow), and 57 /6 (red). One can see that all the lines collapse on a single ray, indicating |AE| o |a;

(b) Energy trajectories near unitarity for different arguments ¢ = 7 /6,7 /3, 7 /2,27 /3,57 /6 (black solid) and rays with corresponding
direction angles = + ¢ (red dashed). The plot demonstrates that arg(AE) ~ w + ¢.

Based on Eq. (3), one can further derive the s-wave atom-
dimer scattering matrix 73(p, k; E') with the relative incoming
and outgoing momenta p, k, and energy E, which can be
written as

p2+k2 ﬂ
B(p ki E) = M0 s 2 g
3(Pp; K5 _2pk PRk? Pk
= 2m T mg

P+a* | pq

_/A dqqzﬂnE— T, +m—0

0 2777 2pq E R 2

2
xtz(E— 4 >t3(q,k;E). 4)
2map

Here, A is the momentum cutoff, and msp = m,(my +
my)/(mo + 2my) is the reduced mass for atom-dimer scat-
tering. Equation (4) can be viewed as the corresponding
dissipative STM equation in the presence of two-body losses
[2,44]. Similar to 1, the poles of #; on the complex energy
plane denote three-body bound states. In the following, we
take the '*3Cs-13Cs - ®Li as a concrete example to calculate
the whole energy spectra of trimers in the presence of two-
body losses.

III. RESULTS

The non-Hermitian trimer energies are in general complex
functions of inverse complex scattering length ac_l , which may
be tuned across the upper half complex plane via the optical
Feshbach resonance. It is thus natural to choose the argument
and modulus of a_ ! as independent tuning parameters, as it
gives a much more clear picture of the complex structures of
the energy functions. In the following, we demonstrate our

numerical results in detail.

A. Trimer energies near unitarity

Around the unitary, if one checks the energy trajectories in
Fig. 1, one can see that the trajectories approximately lie on
rays with angle  + ¢ for different ¢ = arg(a_') [51]. This
behavior implies the existence of a generalized Tan’s contact

C [47,48], which can be defined as (& = 1)
dE 1

-1
da;

Given this formula, the trimer energies around the unitarity
can be expressed as

&)

h 16T m,

AE ~ — C(0)a, ', (6)

167tm,
where AE = E — E(0) is the trimer energy measured from
the Efimov state energy at unitarity and C(0) denotes the
generalized contact at a;l = (. We thus conclude that |AE|
|ac’1| and arg(AE) &~ 7w + ¢. Both relations are demonstrated
in Fig. 2.

It is worth mentioning that the existence of a general-
ized Tan’s contact is nontrivial, as it involves the complex
derivative of eigenenergy E whose existence requires not only
the existence of partial derivatives with respect to Re(a;l)
and Im(a_ '), but also that they satisfy the Cauchy-Riemann
relations.

B. Two scenarios

If one tunes |a_ !| away from unitarity, there generally exist
two scenarios. Here, we take the argument ¢ = 7 /2 as an
example to investigate the first scenario in Fig. 1. The three
lowest branches of dissipative Efimov trimers are shown in
Fig. 3. When |a;1| = 0, there exists a series of conventional
Efimov trimers with Im(E) = 0. As |a;1| increases, the trimer
energies become complex. Note that their imaginary parts
are always negative in the presence of two-body losses. The
inverse of the imaginary part of E gives a time scale that rep-
resents the lifetime of the trimer. While the real parts increase
continuously, the imaginary parts exhibit a nonmonotonic be-
havior and vanish for large enough |a.!|, where the trimers
merge into three-body branch cuts with positive energies. This
is owing to the varying two-body loss rate y, which can be
expressed as

yo 1 e

2l (2)°

@)

As one can see, it also displays a nonmonotonic behavior as
la!| increases.

043010-3



MINGYUAN SUN, CHANG LIU, AND ZHE-YU SHI

PHYSICAL REVIEW RESEARCH §, 043010 (2023)

(@28
T

S
T

[\]
T

[Tm(E/Ep)|*/4
w2

e I S R R

[tm(E/ Eo)| /4

2 3
lao/ac|'/?

FIG. 3. (a) The energy trajectories start from the three lowest
Efimov trimers (n = 0, 1, 2) along ¢ = /2. (b) The real and imagi-
nary parts of trimer energies as functions of |a;1 | (¢ = /2 is fixed).
o = sgn[Re(F)], ap = 20/ A is used as unit length.

Interestingly, when the trajectories end near the real axis,
the imaginary parts of the trimer energies tend to zero, which
indicates that the system may have long-lived bound states
under dissipation. However, it is worth mentioning that in real
atomic gases, the infinitely long lifetimes may be shortened
due to other dissipative mechanisms such as one- or three-
particle losses that are not taken into account in this model.

Figure 3(a) also shows that different branches of complex
Efimov trimers display an intriguing discrete scaling behavior.
That is, if we scale both the real and imaginary part of the
nth branch by e=27/%_ it matches the (n + 1)th energy branch.
This can be viewed as a complex generalization of the cele-
brated Efimov’s radial law [1,2]. To see this, one may apply
the hyperspherical coordinate approach [52] to the three-body
problem and consider the hyperspherical adiabatic potential
U(p), with p being the hyperradius. In the region A~' «
p K |a.|, the system can be essentially viewed as at unitarity.
As a result, the different hyperspherical adiabatic channels
are decoupled in this region and the lowest potential channel
isU(p) = —(s5 + 1/4)/(2p?). Therefore, the solutions to the
three-body problem possess the following radial law:

(1;1 — efn/ma;l’

E —» ¢ 7/ME, ®)
if one follows the conventional argument for the Efimov radial
law [1,2]. Similar results have been obtained by calculations
through Born-Oppenheimer approximation and adiabatic hy-
perspherical approximation [39].

FIG. 4. First row: Energy trajectories in the complex plane.
(a) ¢ = /3, the trajectories connected to the fifth (blue solid) and
the sixth (red dotted) real Efimov bound states. (b) ¢ = 7 /6, the
trajectories connected to the fourth (blue solid) and the fifth (red
dotted) real Efimov bound states. Gray dashed lines denote the atom-
dimer branch cuts where the trimers disappear at. All red dotted
lines are scaled by a factor of e*™/% ~ 23.7 to help demonstrate
the generalized radial law [Eq. (8)] [55]. Second row: Real and
imaginary parts of AE = E — E,; as functions of inverse complex
scattering length |a_ | with (c) ¢ = 7 /3 and (d) ¢ = 7 /6.

Another interesting feature is the existence of trimers with
the real parts of their energies beyond the three-body scatter-
ing threshold [Re(E) > 0]. Since the system does not support
two-body bound states at ¢ = /2, the only branch cut on
the complex energy plane is the positive real axis Rt [53].
Thus, all the energy trajectories must end on the positive
real axis if the energy trajectories are continuous. This allows
trimers with the real parts of energies exceeding zero while
with nonvanishing imaginary parts.

Indeed, as displayed in Figs. 1 and 3, when the real parts
are equal to zero, the trimers do not vanish at the three-
body scattering threshold as in the conventional Efimov effect.
Moreover, the system can even support a series of trimers with
energies that have positive real parts and very small imaginary
parts. These long-lived bound states are purely dissipation
induced and the mechanism is completely different from other
positive energy bound states such as the bound state in the
continuum [54].

For ¢ < 1 /2, the system supports a two-body heavy-light
bound state with complex energy E; = —1/ (2m,ag). And
we find that the behavior of the energy trajectories changes
qualitatively, even though different energy branches still show
the generalized Efimov radial law [Eq. (8)] as demonstrated
in Figs. 4(a) and 4(b). Taking ¢ =7/3 and ¢ =7 /6 as
examples, one can see that the trimer energies exhibit the
same feature by plotting AE = E — E, as functions of |a_!|
[see Figs. 4(c) and 4(d)]. The real part of AE first decreases
and then increases to a positive value, while the imaginary
part displays an approximate S-shape, with two zero-value
ending points. In contrast, the dissipative Efimov branches do
not disappear at the atom-dimer scattering threshold, but at
atom-dimer branch cut with finite scattering energies.
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FIG. 5. Deep bound states at ¢ ~ 0.4237. The third lowest Efi-
mov branch (blue) ends on real axis with Im(E) = 0, while the
fourth one (green) ends at an atom-dimer branch cut with Im(£') # 0.
There exists another branch (red) near the blue sold line, which
starts from three-body branch cut with Im(£) = 0 and ends at the
atom-dimer branch cut with Im(E) # 0. Gray dashed lines denote
the atom-dimer branch cuts.

In particular, |Im(E)| < |Im(E;)| for large |a;1|, which
means the trimer states have longer lifetimes than the dimers
in this region. This effect is quite counterintuitive as it im-
plies that a two-body system can become more stable and
long-lived by adding a third particle even in the presence of
two-body losses. To understand this result, we adopt the Born-
Oppenheimer approximation and calculate the light particle
induced effective potential V¢(R) between the two heavy par-
ticles. Note that the imaginary part of V.4 can be viewed as an
effective two-body loss induced by the light particle. Indeed,
we find that it is possible to have |Im(Vig)| < |Im(Ey)| in
some regions, which suggests that the effective loss rate in
a three-body system might be even smaller than the rate in a
two-body system. We argue that this is a quantum mechanic
effect that arises from the interference of the light particle
wave functions (see Sec. IV).

C. Deep bound states

It is worth noting that the two scenarios discussed above
only apply to low-energy shallow bound states [|E| <
A?/(2m,)]. For deeper-bound states with energy |E| e
A?/(2m,), the system is more complex and nonuniversal
as the effect of momentum cutoff becomes more and more
important. When the argument ¢ is slightly smaller than
7 /2, several deepest energy branches do not vanish into the
atom-dimer branch cut continuously, but break down into two
branches near the positive real energy axis, as displayed in
Fig. 5. The branch that connected to the regular dissipationless
Efimov state ends at the three-body branch cut, while the other
deep bound state appears slightly above it along the real axis,
which further extends to the complex plane and eventually
disappears into the atom-dimer branch cut. In fact, for the
nth Efimov branch, there exists a critical argument q)g"). The
two branches disconnect when ¢ > ¢, while they connect
to each other and form one branch when ¢ < ¢™. We note
that, in a certain sense, the two branches are not actually

disconnected, but only appear to be, as part of the energy
trajectory moves into another branch of the Riemann surface
[53] while ¢ > ¢™. As n increases, the critical argument ¢
increases and converges to /2 for n — +oo. It is worth
noting that similar critical argument phenomena also appear in
the calculation of Born-Oppenheimer effective potential (see
Sec. IV).

IV. BORN-OPPENHEIMER APPROXIMATION

The Born-Oppenheimer approximation provides an intu-
itive picture for the understanding of few-body physics in a
system with separation of scales in particle masses. In our
calculated scenario, because of the large difference between
the masses of °Li and '*3Cs, we might first solve the single-
particle problem of the light °Li moving in the presence of two
fixed heavy '*Cs atoms. The resultant eigenenergy, which
we denote by €(R) because it is a function of the distance R
between two '33Cs atoms, can then be treated as an effective
potential between the two heavy particles [2,4].

The Schrodinger equation for the light particle is given by

2

h
—Z—Vfl/f(r) = ec(R)Y(r), )
m

where we have assumed that the two heavy particles are
located at —R/2 and R/2, which leads to the following
boundary conditions:

e ——
NN —— — —,
e+ 3

ac

LR (10)
r — —_—.
2

Because of the parity symmetry of the problem, it is
straightforward to show that the solution to Eq. (9) is

=G R G R 11
Y(r) = e<r—5> e<r+3>, an

with

—Kr

e

Ge(r) = (12)
being the Green’s function. Here we assume k = +/ —2me /1>
with the branch cut of /- defined on the negative real axis.

Substituting this into the boundary conditions, we immedi-
ately have

t

_ R
tFe'=—
ac

; (13)
witht = kR.

For closed systems, a. € R, Eq. (13) with a minus sign
gives a lower bound state energy which can be used to repro-
duce the Efimov physics in the heavy-heavy-light bound states
[2]. Thus, in the following we will focus on the solutions of
Eq. (13) with the minus sign.

In Fig. 6, we plot the real and imaginary part of ef-
fective potential €(R) for ¢ = 7 /6 by numerically solving
Eq. (13). We find that |Im[e(R)]| < [Im(E;)| in some re-
gions. In fact, one can show that Im[e(R)] ~ Im(E,) +
mlalwechosqb/lacl sin(% — ¢) for R > |a.|, which is a func-
tion that oscillates around Im(Ej,). Clearly this oscillation
arises from the interference between wave functions G, (r —
%) and G.(r + %), which is purely quantum mechanic.
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FIG. 6. The real and imaginary part of effective potential €(R)
and two-body bound state energy with ¢ = 7 /6. Re[e(R)] and
Im[e(R)] tend to Re(E,) and Im(E,) at large distance but are not
always smaller than them like in closed systems.

For a generic ¢, Eq. (13) either has one or no root with
Re(k) > 0, depending on the values of R/a.. In Fig. 7, we
have plotted the boundary between the one-root region (la-
beled by n = 1) and the no-root region (labeled by n = 0). We
find that, for ¢ = arg(a;') < ¢V ~ 1.26263, Eq. (13) always
has exactly one solution for all R > 0, which means that the
light particle always induces an effective binding between
heavy particles. For ¢ € [¢{", ¢?) ~ [1.26263, 1.46509),
Eq. (13) has no solution in a bounded interval around R/|a.| =
3. In this region, the heavy particles tend to bind when they are
far apart, but this binding effect induced by the light particle
vanishes around R/|a.| = 3. For ¢ > ¢¥, a second interval
near R/|a.| =9 appears which represents that the binding
effect vanishes in it. Similar patterns repeat and more inter-
vals where binding effect vanishes appear at ¢ = ¢, k =
3,4,5,... Until ¢ = /2, we find an infinite number of in-
tervals where Eq. (13) has no solutions. This indicates that
limy_, 4o ¢*) = 7 /2 and the Born-Oppenheimer approxima-
tion fails even for very large R.

The behavior of the Born-Oppenheimer potential €(R)
suggests two kinds of mechanisms for the disassociation of
Efimov states in the region ¢ € (¢!, 7/2). For “shallow”

1.8
n=>0
1.6
1] Y. /
NG e = S v ,,,,,,,,, T oo
——————————————————— (1)..-(©)
1.4 n=1 '
1.20 10 20 30 40
R/lacl

FIG. 7. Number of roots of Eq. (13) (with minus sign) for differ-
ent argument ¢ and R/|a.|. The equation either has one (n = 1) or no
root (n = 0). There exist a series of critical angles ¢L(,k), k=1,2,...,
with limit value limy_, .o, ¢ = 7 /2. For ¢ > 7 /2, the no-solution
regions for R tend to infinity, indicating that the Born-Oppenheimer
approximation fails even when two heavy particles are far away from
each other.

bound states, the long-range part of €(R) plays a signif-
icant role, and a bound state may disappear because the
Born-Oppenheimer effective potential is not strong enough
to support it. In this case, since the long-range limit of the
effective potential is the dimer energy limg_, 1o €(R) = Ey,
one naturally expects that this shallow bound state disassoci-
ates into an atom and a dimer, which suggests that the energy
trajectory ends at the atom-dimer branch cut. For “deep”
bound states, the short-range detail of the effective potential
becomes important. For ¢ € (¢!, 7 /2), because the effective
potential €(R) in certain short-range intervals may not have a
solution, i.e., the light particle does not provide any binding
effect between the heavy ones. A deep bound state can disap-
pear because of these nonbinding intervals and disassociate
into three particles. One thus expects that in this case the
energy trajectories end at the three-body branch cut. This is
consistent with our numerical results based on the three-body
STM equation with dissipation.

V. CONCLUSIONS AND REMARKS

We study the influence of short-range two-body losses on
Efimov bound states. The non-Hermiticity leads to a series of
distinct features with no counterparts in the conventional dis-
sipationless Efimov physics. First, the trajectories of Efimov
trimers display a unique discrete scaling behavior in the com-
plex energy plane, which is a complex analog of the celebrated
Efimov radial law. Second, the system can support Efimov
bound states with positive energies and infinite long life-
times (assuming dissipative processes other than two-particle
loss may be ignored). Third, in some regions, the dissipative
three-body system may have an even longer lifetime than the
two-body system. Our work opens an avenue toward the study
of novel few-body physics in the complex energy plane.

Finally, we comment on the experimental observation of
complex Efimov trimers in atomic gases. It is worth noting
that all the bound states calculated in this work have a negative
imaginary part in their energies. One may argue that it would
be difficult to observe any resonance in scattering experi-
ments, because all the physical scattering states should have
energies in the form of E + ie with € > 0 being a positive
infinitesimal imaginary part, and these energies are on the
opposite side of the branch cut (i.e., the real axis). However,
this does not rule out the possibility of observing the scattering
resonances in a many-body environment (e.g., atomic gases)
where all kinds of scattering processes might happen [56]. For
example, in Fermionic systems, it is well known that the in-
finitesimal imaginary part in the many-body Green’s function
changes sign when the energy is below the Fermi energy.
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