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We explore the periodically driven dynamics of two weakly coupled flux qubits and propose a
scheme to generate a maximally entangled state based on the Floquet engineering. The periodic
driving modifies the quasienergy spectrum of system and induces crossing of quasienergies, and the
weak coupling between them lifts the degeneracy of quasienergies. It is found that the phenomena of
entanglement resonance of Floquet state appear at certain values of the driving parameters, which
could be demonstrated by virtue of Rabi frequency spectrum and average concurrence during one
driving period. Our scheme relaxes the experimental difficulty in adjusting the static parameters
of the system to establish entanglement, and may open interesting perspectives for devising active
decoherence-immune quantum information devices

PACS numbers:

I. INTRODUCTION

Recently, strong periodic driving has played a profound
role in the research field about coherent quantum dy-
namics and quantum many-body system [1–12]. Vari-
ous non-trivial effects along with a wealth of new quan-
tum phenomena have been discovered successively in the
periodically driven or Floquet systems [13–34]. Other
theoretical progress includes generic relaxation problem
[35], theory of Floquet time crystals [36], renormalization
problem [37], dynamical freezing [38], synchronization
[39], and strong-coupling theory [40]. Experimentally, se-
ries of interesting phenomena including many-body local-
ization [41], unprecedented dynamics of Rydberg Atoms
[42], discrete time crystal in trapped ion [43], nuclear
magnetic resonance system [44, 45], and NVC [46], have
been found in succession.

Controlling the quasienergy spectrum of periodical-
ly driven systems could bring more abundant quasi-
stationary-state behaviors than the static case. It pro-
vides the possibility of controlling the complex coheren-
t dynamics of microscopic systems and generating nov-
el nonequilibrium quantum states absent in the original
static system [47–49]. Additionally, the dynamics gov-
erned by Rabi oscillations and the commonly used ro-
tating wave approximation (RWA) [50] in the weak driv-
ing case breaks down, when the system is driven strong-
ly with the Rabi frequency comparable to the relevan-
t transition frequency. It results in complex evolution
dominated also by counter-rotating wave, which could be
adequately described in the framework of Floquet the-
ory [51, 52]. On the other hand, the superconducting
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FIG. 1: Schematic representation of two weak coupling flux
qubits, each of which is formed by three Josephson junctions
(red cross) interrupting a superconducting loop with the en-
larged image shown below. The two flux qubits are coupled
by the mutual indutance J (green arrow); two microwave lines
are applied to provide a static magnetic flux Φs and a time-
periodically varying magnetic flux Φd (t) through the loops of
both flux qubits (blue arrow), respectively.

flux qubits offer various prospects to study quantum in-
formation processing owing to their eminent properties
[53–57]. Recently, Floquet states in a single flux qubit
have been observed using quantum state tomography and
strongly-driven microwave pulses with controllable shape
[58], which pave the way to quantum control and quan-
tum simulation using periodically strong driving with ap-
plications in circuit-QED [59].

Inspired by these experimental and theoretical devel-
opments, we investigate the Floquet dynamics of two
weakly coupled flux qubits under strong periodic driv-
ing with different conditions. Here the Floquet equation
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can be solved in the Sambe space [60, 61] using the gener-
alized Van Vleck nearly degenerate perturbation theory
[62, 63]. We also explore the realization of maximally
entangled state of flux qubits based on the technique of
Floquet engineering, which is well described by Floquet
energies and Floquet states, as predicted by the Floquet
theory. Through modifying the quasienergy spectrum
by strong periodic driving, we find that the appearance
of crossing levels in the quasienergy spectrum at certain
values of the driving parameters. We further reveal that
the presence of weak coupling between flux qubits lifts
the degeneracy of quasienergies and induces the entan-
glement resonance of Floquet state. This phenomenon
can be verified by the behaviors of quasienergy spectrum
and time-average entanglement of Floquet states char-
acterized by the average concurrence during one driving
period. Also, the signature of entanglement resonance
could be figured out when the degeneracy of quasienergies
disappears, from the Rabi frequency spectrum through
Fourier transform of the time-dependent population sig-
nal. Our method suggests that the entanglement pro-
tection can be realized by suppressing decoherence in
a temporal domain, when the system is initialized into
a maximally entangled Floquet state. This critical re-
sult can be used for devising active decoherence-immune
quantum information devices.

II. THE MODEL

As shown in Fig. 1, two flux qubits are weakly coupled
by sharing one side of superconducting loop. Besides,
there are two microwave lines providing static magnet-
ic flux Φs and time-periodically varying magnetic flux
Φd (t) = |Φd| cos (ωt) through both loops. Thus, the to-
tal Hamiltonian of this system can be written as

Ĥ =
∑
j=1,2

[
1

2

(
εσ̂zj + ∆σ̂xj

)
+ Ω cos (ωt) σ̂zj

]
+ Jσ̂z1 σ̂

z
2 ,

(1)
where σ̂xj and σ̂zj are Pauli operators of the jth flux qubit-
s. ε = 2Ip (Φs − Φ0/2) is the energy level separation
and ∆ is the tunneling energy between clockwise and
anti-clockwise circulating classical states (|0〉 and |1〉) of
persistent current Ip, where Φ0 is the flux quantum[53].
In our scheme, the energy degeneracy point ε = 0 has
been considered. Ω = Ip |Φd| is the driving strength.
J = MIp1Ip2 is the inductively coupling strength, where
M is the coefficient of mutual induction [55, 56].

For a time-periodic Hamiltonian Ĥ (t) = Ĥ (t+ T )
with T = 2π/ω, any solution of the related Schrödinger

equation i∂t |Ψ (t)〉 = Ĥ (t) |Ψ (t)〉 can be decomposed by
a superposition of an orthogonal and complete set of ba-
sis {|ur (t)〉} as |Ψ (t)〉 =

∑
r are

−iεrt |ur (t)〉. ar is con-
stant coefficients. εr and |ur (t)〉 are called quasienergies
and Floquet states (quasienergy states), governed by the

Floquet equation

ĤF |ur (t)〉 = εr |ur (t)〉 . (2)

ĤF = Ĥ (t)− i∂t is the Floquet Hamiltonian.
According to the rule of Fourier transform, the time-

periodic Floquet state |ur (t)〉 can be expanded by a com-
plete set of basis vectors

{
eikωt|k ∈ Z

}
in the temporal

space as

|ur (t)〉 =
∑
k

|ũr,k〉 eikωt, (3)

with |ũr,k〉 = 1
T

∫ T
0
|ur (t)〉 e−ikωtdt. In the Sambe space

made up of the Hilbert space and the temporal space
[60, 61], the so-called Floquet Matrix can be written as

ĤF =



. . .

Ĥ
(−2)
0 Ĥ+1 0 0 0

Ĥ−1 Ĥ
(−1)
0 Ĥ+1 0 0

0 Ĥ−1 Ĥ
(0)
0 Ĥ+1 0

0 0 Ĥ−1 Ĥ
(1)
0 Ĥ+1

0 0 0 Ĥ−1 Ĥ
(2)
0

. . .


, (4)

with Ĥ
(k)
0 =

∑
j=1,2 (∆/2) σ̂xj + Jσ̂z1 σ̂

z
2 + kω, Ĥ±1 =∑

j=1,2 (Ω/2) σ̂zj . Truncating the basis vectors of the

temporal space at e±iNωt with the convergence being
guaranteed, the quasienergies εr + nω and Floquet s-
tates einωt |ur (t)〉 in Floquet zone [nω, nω + ω) can be
obtained, where n is an integer between −N and N . In
each zone, there are quadruplet quasienergies and Flo-
quet states, which can fully determine the properties of
the periodic driving system.

III. WITNESS OF QUASIENERGY SPECTRUM

Since the quasienergies determine the inherent Rabi
frequencies featured in Floquet system, Fourier transfor-
m of time-dependent dynamics is an efficient way to wit-
ness the quasienergy spectrum in experiment. Specifical-
ly speaking, the Fourier expansion of an operator’s ex-
pectation 〈Ψ (t)| Ô |Ψ (t)〉 in Floquet system can be writ-

ten as
∑
r,r′,k,k′ arar′e

i[(εr−εr′ )+(k′−k)ω]t 〈ũr,k| Ô |ũr′,k′〉.
Thus, the various frequency components shown in dy-
namical oscillations are determined by ±∆ε + nω, with
∆ε = εr − εr′ the quasienergy difference and n = k′ − k
the integer values. As the periodic driving field has the
additional symmetry cos [ω (t+ T/2)] = − cos (ωt), only
components with even n are present.

Here, we focus on the dynamics of population in the
doubly excited state |00〉 as shown in Fig. 2 (a1,a2). In
the weak driving regime Ω/∆� 1 [Fig. 2 (a1)], the popu-
lation is analogous to the Rabi oscillation predicted based



3

on the RWA. However, in the strong driving regime [Fig.
2 (a2)], Rabi oscillation disappears due to the counter-
rotating wave. Making the Fourier transform on popula-
tion dynamics under different conditions, inherent Rabi
frequencies of the system are drawn in Fig. 2 (b1,b2).
For a certain value of J , the bright lines representing the
frequency components have translational symmetry with
the period 2ω (ω = ∆ for the resonant case). It is valid
in strong driving regime and disappears in weak driving

regime. There are more frequency components springing
out than the case of Floquet engineering on a single flux
qubit [58]. Besides, slightly splitting of the bright lines
occurs due to the weak coupling between two qubits.

To clarify the frequency components presented above,
we solve the Floquet equation by using the generalized
Van Vleck nearly degenerate perturbation theory [62, 63].
In the limit of ∆ � Ω and J � ω, the Floquet matrix
can be reduced into a 4× 4 effective matrix

ĤGV V =


J + κ∆2J̃ 2

1
1
2∆J̃0

1
2∆J̃0 −κ∆2J̃ 2

1
1
2∆J̃0 −J − κ∆2J̃ 2

1 −κ∆2J̃ 2
1

1
2∆J̃0

1
2∆J̃0 −κ∆2J̃ 2

1 −J − κ∆2J̃ 2
1

1
2∆J̃0

−κ∆2J̃ 2
1

1
2∆J̃0

1
2∆J̃0 J + κ∆2J̃ 2

1

 , (5)

where κ = 2J
4J2−ω2 , J̃n = Jn

(
2Ω
ω

)
with Jn the Bessel

function. By solving the eigen equation of ĤGV V , one
can obtain the four quasienergies in one Floquet zone

ε1 = −J, (6)

ε2 = J + 2κ∆2J̃ 2
1 , (7)

ε3 = −κ∆2J̃ 2
1 −

√
∆2J̃ 2

0 +
(
J + κ∆2J̃ 2

1

)2

, (8)

ε4 = −κ∆2J̃ 2
1 +

√
∆2J̃ 2

0 +
(
J + κ∆2J̃ 2

1

)2

. (9)

There are two kinds of physical mechanisms govern-
ing the quasienergy spectrum, including the internal
weak coupling Jσ̂z1 σ̂

z
2 and the external periodic driv-

ing
∑
j=1,2 Ω cos (ωt) σ̂zj . When J = Ω = 0, the

eigenstates of two bared qubits can be classified into
the antisymmetric subspace consisting of a singlet s-
tate (|↑↓〉 − |↓↑〉) /

√
2 and the symmetric subspace s-

panned by triplet states
{
|↑↑〉 , (|↑↓〉+ |↓↑〉) /

√
2, |↓↓〉

}
under the exchange of qubits. |↑〉 = (|0〉+ |1〉) /

√
2and

|↓〉 = (|0〉 − |1〉) /
√

2 are eigenstates of Pauli operator
σ̂x. The singlet state is always the Floquet state with
quasienergy ε1. The transition between Floquet states is
only allowed in the symmetric subspace. Thus, ε2,3,4 to-
gether contribute to the Rabi frequency. As shown in Fig.
2 (c1,c2), the transition frequencies repeatedly appear
with period 2ω (ω = ∆ for the resonant case) due to the
interval between different Floquet zones. When J = 0,
resulting in ε2 = 0, ε3 = −ε4, the yellow solid lines, red
dotted lines and blue dashed lines in Fig. 2 (c1) denote to
the frequency components characterized by εi− εi + 2kω
(i = 2, 3, 4), ± (ε2 − ε3,4)+2kω and± (ε3 + ω − ε4)+2kω,
respectively. However, when J 6= 0, image of transition
frequencies become more complicated due to the weak-
coupling-induced energy shift, especially, the splitting be-
tween ε1 and ε2. Therefore, transition frequencies derived
from the quasienergies give a direct evidence for the nu-

merical results. However, in Fig. 2 (b1,b2), the bright
lines representing the high frequency components fade
away in the weak driving regime, indicating that the fast
oscillations can be neglected by RWA.

IV. FULLY ENTANGLED FLOQUET STATE

Note that the avoided crossing of energy level of sys-
tem could cause entanglement resonance of eigenstates
in both the time-independent Hamiltonian [64, 65] and
time-periodic Hamiltonian [66]. Therefore the sudden
splitting of the degenerate energy levels introduced by
the weak coupling between flux qubits provides the pos-
sibility of Floquet state entanglement. In the follow-
ing we will turn to the witness of Floquet state en-
tanglement. The entanglement of time-dependent Flo-
quet state |ur (t)〉 could be characterized by the time-
average concurrence over one period T , which is defined

as C̄r= 1
T

∫ T
0
C (|ur (t)〉) dt with C (|ur (t)〉) the instanta-

neous concurrence of |ur (t)〉 [67]. As shown in Fig. 3,
the entanglement C̄r of Floquet state in symmetric sub-
space is engineered for a wide range of driving parameters
{Ω, ω} and different coupling strengths J . However, the
Floquet state in the asymmetric subspace is independen-
t of the system parameters, thus it is always entangled.
Here, bright regions emerged in the dark background im-
ply the entanglement suppression of the Floquet state
derived from the entangled eigenstate (|↑↓〉+ |↓↑〉) /

√
2.

However, dark regions crossing the bright background in-
dicates the entanglement resonance of the Floquet states
originated from the separated eigenstates |↑↑〉 and |↓↓〉.
When the driving frequency is fixed, multiple choice of
driving strength are available for the entanglement sup-
pression or resonance. However, compared to the res-
onant case, the red-detuning driving leads to wider re-
gion with larger driving strength and the blue-detuning
driving brings more narrow region with smaller driving
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FIG. 2: Population dynamics and Rabi frequencies of the two
qubits driven on resonant (ω = ∆) have been studied for
different driving strength and coupling strength in the unit
of ∆ = 1. Average population of the doubly excited state
|00〉 versus time for Ω/∆ = 0.05 in (a1) and Ω/∆ = 0.5
in (a2) with J = 0. Density plot of the Fourier transform
of population oscillations versus driving strength for J = 0 in
(b1) and J/∆ = 0.2 in (b2). Difference of quasienergies based
on Floquet theory versus driving strength for J = 0 in (c1)
and J/∆ = 0.2 in (c2).

FIG. 3: Density plots describing entanglement C̄r of the three
symmetric Floquet states in the Ω − ω plane for different
coupling strengths J/∆ = 0.05 in (a1)∼(a3), J/∆ = 0.2 in
(b1)∼(b3) and J/∆ = 0.5 in (c1)∼(c3).

strength. Additionally, comparing the results shown in
different rows, one can find that the regions represent-
ing entanglement suppression or resonance are broad-
ened and shifted to overlap eventually with the coupling
strength increasing. However, if the coupling strength
is too large, the feature of entanglement suppression or
resonance will be weakened and blurred.

To understand the physics behind the entanglemen-
t resonance, we investigate the relation between Flo-
quet energy and the entanglement C̄r. As shown in
Fig. 4 (a1,b1), when J = 0, two degenerate level-
s are almost independent of the driving strength, and
the other two levels distributed above and below are al-
ternately fluctuating and repeatedly crossing with the
driving strength increasing. Accordingly, the two Flo-
quet states (|φ↑ (t)〉 ⊗ |φ↓ (t)〉+ |φ↓ (t)〉 ⊗ |φ↑ (t)〉) /

√
2

and (|φ↑ (t)〉 ⊗ |φ↓ (t)〉 − |φ↓ (t)〉 ⊗ |φ↑ (t)〉) /
√

2 are al-
ways maximally entangled. However the other two Flo-
quet states |φ↑ (t)〉 ⊗ |φ↑ (t)〉 and |φ↓ (t)〉 ⊗ |φ↓ (t)〉 are

always separable. Here, |φ↑ (t)〉 = Ût |↑〉 and |φ↑ (t)〉 =

Ût |↓〉 denote the Floquet states for a single qubit case

with Û (t) = exp [−i (Ω/ω) sin (ωt) σ̂z]. As shown in Fig.
4 (a2,b2,a3,b3), when J 6= 0 the degenerate levels are
separated and the multiple energy crossings are avoid-
ed. Note that the points at which the level crossings are
avoided match exactly with the one where the entangle-
ment resonance occurs. With the coupling strength in-
creasing, the splitting of the levels are becoming larger,
leading to broader entanglement resonances. In addition,
one can find that the analytical solution is approaching
to the numerical one in the limit of Ω/∆ � 1, which is
the condition of perturbation approximation. From these
results one can conclude that periodic driving modifies
the quasienergy levels of two flux qubits and provides an
opportunity for energy crossing of the separable Floquet
states. Then, the weak coupling between flux qubit sepa-
rates the degenerate levels and produces avoided crossing,
leading to entanglement resonance of the original sepa-
rable Floquet states.

V. PREPARATION AND DYNAMICS OF
ENTANGLEMENT

The entanglement C̄r = 1 requires the concurrence
keeping maximal for the whole period [0, T ) which im-
plies that the Floquet state |ur (t)〉 is maximally en-
tangled all the time. Ideally, if the system is initial-
ly prepared into a maximally entangled Floquet state
|ur (0)〉, its time evolution is described by the wavefunc-
tion |Ψ (t)〉 = e−iεrt |ur (t)〉. In this way, the entangle-
ment C̄r = 1 will be preserved, as the concurrence is
independent of the additional exponential factor e−iεrt.

The direct coupling between qubits is the most ma-
ture method to entangle two flux qubits. Therefore, the
whole evolution process of the system can be divided
into two steps. (i) Preparing entanglement with static
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FIG. 4: Quasienergies εr and entanglement C̄r of Floquet s-
tates versus resonantly driving strength Ω for different cou-
pling strengths J = 0 in (a1)&(b1), J/∆ = 0.01 in (a2)&(b2)
and J/∆ = 0.1 in (a3)&(b3) respectively, where the dashed
lines represent the numerical results and the solid lines rep-
resent the analytical results.

Hamiltonian Ĥc =
∑
j=1,2

∆
2 σ̂

x
j + Jσ̂z1 σ̂

z
2 . (ii) Protecting

entanglement with time-periodic Hamiltonian Ĥ (t). In
step (i), an ordinary Markovian master equation in the
Schrödinger picture is adopted to govern the evolution of
system ρ1 (t) weakly coupled to a heat bath [68, 69]

ρ̇1 = −i
[
Ĥc, ρ1

]
+ D̂ρ1, (10)

D̂ =
∑
j=1,2

γj
2

(
2σ̂−j · σ̂

+
j − σ̂

+
j σ̂
−
j · − · σ̂

+
j σ̂
−
j

)
, (11)

where γj and σ̂±j are the dissipation rate and ladder op-

erators of the jth flux qubit. In step (ii), Eq. (11) can be
extended to the case of periodically driven system ρ2 (t)
based on the Floquet theory, resulting in the Floquet
master equation [68, 70]

ρ̇2 (t) = −i
[
Ĥ (t) , ρ2 (t)

]
+ D̂ (t) ρ2 (t) , (12)

D̂ (t) =
∑
j=1,2

∑
ω̄

γj (ω̄)

2

[
2Ŝj (ω̄, t) · Ŝ+

j (ω̄, t)−

Ŝ+
j (ω̄, t) Ŝj (ω̄, t) · − · Ŝ+

j (ω̄, t) Ŝj (ω̄, t)
]
,(13)

with ω̄ = εr′ − εr − qω. Here, Ŝj (ω̄, t) =∑
r′,r,q

[∑
p 〈ũr,p| Ŝ|ũr′,p+q〉|ur(t)〉 〈ur′ (t)|

]
is a part of

Ŝj (t) rotating with frequency ω̄ and Ŝ+
j (ω̄, t) is the Her-

mitian with Davies operator Ŝj = σ̂−j + σ̂+
j .

Before preparing a maximally entangled Floquet state
as the initial state, three parameters should be traded
off to support it. (i) To make sure of optimal point pos-
sessing the maximal entanglement with C̄r = 1, large
coupling strength (still being weak coupling compared to
transition frequency) leading to wide peaks of entangle-
ment resonance is favorable for precisely locating the op-
timal point to obtain the corresponding values of driving
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FIG. 5: (Color online) When Ω = 0, taking |11〉 as the initial
state, (a) Fidelity 〈ur (0)| ρ1 (t) |ur (0)〉 and (b) concurrence
of ρ1 (t) as a function of ∆t with decoherence. The maximal
fidelity exceeding 95% is located at td = 33.07. (c) When
Ω/∆ = 4.26, taking |ur (0)〉 as the initial state without deco-
herence (green solid line) and with decoherence (red dashed
line), and taking ρ1 (td) as the initial state with decoherence
(blue solid line), concurrence of ρ2 (t) as a function of ∆t. (d)
When Ω/∆ = 4.26, taking |11〉 as the initial state, concur-
rence of ρ2 (t) as a function of ∆t. Here, the dissipation rates
γ1/∆ = γ2/∆ = 0.001 have been used for simulation.

parameters. (ii) Although the red/blue-detuning driving
brings wider/more narrow peaks of entanglement reso-
nance, they play less important role than the parameter
of coupling strength. Merely, blue detuning driving is
more applicable when the very strong driving can’t be
achieved. (iii) When the former two parameters have
been fixed, driving strength is of many alternatives a-
mong the multiple peaks of entanglement resonance. N-
evertheless, in addition to variety choice of entanglement
resonant points and corresponding Floquet states, the
main factor influencing the dynamics of entanglement p-
reserved state is the decoherence induced by environmen-
t, which deviates the system from the perfect Floquet
state. Here we take the maximally entangled Floquet
state |ur (0)〉 = {−0.36 − 0.08i, 0.60, 0.60, 0.35,−0.07i}
supported by the set of parameters {Ω/∆ = 4.26 with
ω/∆ = 1 and J/∆ = 0.05} as an example. Certainly,
any other cases are worthy to be considered as long as
the maximal entanglement is robust against the tiny fluc-
tuation of the three parameters and the Floquet state is
easy to be prepared with high fidelity.

Firstly, assuming that the two coupled flux qubit-
s ρ1 (t) freely evolve from the ground state ρ1 (0) =
|11〉. Fig. 5 (a)&(b) have recorded the fidelity
〈ur (0)| ρ1 (t) |ur (0)〉 and the concurrence of ρ1 (t) [67].
The fidelity is oscillating as time goes by. At t = td, the
fidelity reaches the maximum exceeding 95% and con-
currence is closed to 1. Subsequently, we take ρ1 (td)
as approximate Floquet state |ũr (t)〉, when the periodic
driving is applied in step (ii).

In Fig. 5 (c), The green solid line has confirmed that
the Floquet state |ur (t)〉 is maximally entangled all the
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time for a closed system. However, the Floquet system
is deviated from the perfect Floquet state under deco-
herence in an open system, indicated by the red dashed
line in Fig. 5 (c). Additionally, the concurrence of ap-
proximate Floquet state |ũr (t)〉 (blue line in Fig. 5 (c))is
imitating the behavior of |ur (t)〉 but accompanied by s-
mall oscillations caused by the fidelity smaller than 100%.
However, it is absolutely more stable than the entangle-
ment of ρ1 (t) shown in Fig. 5 (b), which is oscillat-
ing between 0 and the decreasing amplitude all the time.
However, if the driving field is applied at the time when
the fidelity is low as shown in Fig. 5 (d), the evolution
of entanglement is far from the behavior of the Floquet
state |ur (t)〉. Longer-time preserved entanglement with
smaller oscillation can be expected under the conditions
of higher-fidelity state preparation and less decoherence,
even approaching to the maximally entangled steady s-
tate.

VI. DISCUSSION AND CONCLUSION

We now survey the relevant experimental parameter-
s. All the numerical results are calculated based on the
unit of splitting energy ∆ = 2π × 2.288 GHz. The driv-
ing strength Ω/∆ up to 5 indicates that the amplitude of
time-periodic magnetic flux |Φd| = 5.3 mΦ0, and the cou-
pling strength J/∆ varies from 0 to 0.5, yielding that the
mutual inductance M ranges from 0 to 1.6 pH [55, 78], for
the persistent currents Ip = 690 nA [58]. The dissipation
rate of flux-qubit is γ = 2π×2.288 MHz in the degenera-

cy point ε = 0. Additionally, the periodic driving can be
approximately realized by high-speed arbitrary waveform
generator [58]. Note that the periodic driving technology
has been experimentally employed in different systems,
such as trapped ions [71], nitrogen-vacancy centers [72],
and quantum dot system [73, 74], and superconducting
qubits [58, 75–77]. It paves the way to realize our pro-
posed Floquet engineering to generate entanglement be-
tween flux qubits via entanglement resonance induced by
avoided level crossing.

In conclusion, a pair of superconducting flux qubits
driven by a strong periodic microwave field is studied.
The periodic driving effectively modifies the Floquet en-
ergy spectrum, leading to unprecedented dynamics in the
presence of weak coupling between flux qubits. In par-
ticular, maximally entangled state of flux qubits could
be realized based on the Floquet engineering. Interest-
ingly, the presence of weak coupling between flux qubit
lifts the degeneracy of quasienergies and induces the en-
tanglement resonance of Floquet state. Our scheme lifts
greatly the experimental difficulty in changing the stat-
ic parameters of the system to establish entanglement.
This offers our scheme an attractive perspective in the
application of quantum information processing.
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