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ABSTRACT

We propose a strategy to modulate the decoherence dynamics of a two-level system, which interacts with a dissipative bosonic
environment, by introducing an ancillary degree of freedom. It is revealed that the decay rate of the two-level system can be
significantly suppressed under suitable steers of the assisted degree of freedom. Our result provides an alternative way to fight
against decoherence and realize a controllable quantum dissipative dynamics.

Introduction

A microscopic quantum system inevitably interacts with its surrounding environment, which generally results in decoherence' .

Such decoherence process is responsible for the deterioration of quantumness and is commonly accompanied by energy or
information dissipation. In this sense, how to prevent or avoid decoherence is of importance for any practical and actual
quantum technology aimed at manipulating, communicating, or storing information. Furthermore, understanding decoherence
in itself is one of the most fundamental issues in quantum mechanics, since it is closely associated with the quantum-classical
transition®.

Up to now, various strategies have been proposed to suppress decoherence. For example, (i) the theory of decoherence-
free subspace®’, in which the quantum system undergoes a unitary evolution irrespective of environment’s influence; (ii)
dynamical decoupling pulse technique®~'?, which aims at eliminating the unwanted system-environment coupling by a train
of instantaneous pulses; (iii) quantum Zeno effect'!=!3, which can inhibit the decay of a unstable quantum state by repetitive
measurements; and (iv) the bound-state-based mechanism scheme!4!7, which can completely suppress decoherence and
generate a dissipationless dynamics in the long-time regime. Each method has its own merit and corresponding weakness. We
believe that any alternative approach would be beneficial for us to achieve a reliable quantum processing in a noisy environment.

In this paper, we propose an efficient scheme to obtain a controllable dynamics of a two-level system (TLS), which interacts
with a dissipative bosonic environment. An ancillary single-mode harmonic oscillator (HO), which acts as a steerable degree of
freedom, is coupled to the TLS to modulate its decoherence dynamics'®?!. We find the decay of the TLS can be suppressed
via adjusting the parameters of the assisted HO. We also demonstrate the single-mode HO can be equivalently replaced by a
periodic driving field or a multi-mode bosonic reservoir, which can likewise achieve the effect of decoherence-suppression.
Moreover, we numerically confirm our steer scheme can be generalized to a more general quantum dissipative system, in which
the TLS-environment coupling is strong and the so-called counter-rotating-wave terms are included.

Results

Controllable dissipative dynamics

Let us consider a TLS interacts with a dissipative bosonic environment. To achieve a tunable reduced dynamics of the TLS, we
add an ancillary single-mode HO, which serves as a controllable degree of freedom to modulate the dynamical behaviour of the
TLS. The whole system can be described as follows (Throughout the paper, we set i = kg = ¢ = 1)!8-?!

1 1 .
H = €0+ woa a+ Egocz(a' +a) +Zwkb,fbk +ng(c,b,i +04by), (1
% %

where 01 = %(GX +ioy) with oy, being the standard Pauli operators, € is the transition frequency of the TLS, a' and a are
creation and annihilation operators of the assisted HO with frequency @y, and the parameter go quantifies the coupling strength
between the TLS and the HO. b, and by are creation and annihilation operators of the kth environmental mode with frequency



wy, respectively, and the TLS-environment coupling strengthes are denoted by gi. In this work, the spectral density of the
dissipative environment, which is defined by J(®) = ¥, 28 (® — @), is characterized by the following Lorentz form

1 a0,
T(0—¢€)+w?’

J(w) = 2
where « is a coupling constant, and @, is a cutoff frequency.

To obtain the dynamics of the dissipative TLS in an analytical form, we first apply a polaron transformation®>?3 to the
original Hamiltonian H as H = ¢SHe™S, where the generator S is defined by S = Zg—a(jocz(aT —a). The transformation can be
done to the end, and the transformed Hamiltonian can be expressed as

8

o .
A =-¢eo.+apa'a+Y oxbbi+Y g (o,b,ie*C +H.c.) _ S 3)
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where H.c. denotes Hermitian conjugate and { = 2 (a" —a). One can see the last term in the above expression is just a constant,
which just induces a trivial dynamical phase and would not influence the reduced dynamical behaviour of the TLS. Thus, we
will drop it from now on.

We employ the quantum master equation approach to investigate the reduced dynamics of the TLS. In the polaron
representation, the second-order approximate quantum master equation reads>*

20 = - [ art {1, 1 (2). P01} @

where pl(r) = e py(t)e~"Hs with Hs = €0, is the reduced density operator in interaction picture, f;(t) = e e~
with Hy = Hy + H, + Hy, H, = opa’a, H, = ¥, a)kb;ibk and H; = Zkgk(c_b};e’g +H.c.) is the interaction Hamiltonian in
interaction picture. If both the TLS-HO and TLS-environment couplings are weak, one can safely adopt the Born approximation
Piot(T) 2 PL(T) @ $a(0) ® Py (0). In this paper, we assume Fy(0) = [0,) (04| and py(0) = ®; [0F)(0f | where [0,) (|0f)) is
the Fock vacuum state of the single-mode HO (k-th bosonic environmental mode). The effect of non-Markovian has been
incorporated into the convolution terms. Such convolution terms mean the evolution of ps(¢) depends on ps(7) at all the earlier
times 0 < 7 < ¢, implying the memory effect from the environment has been considered. It should be emphasized that one can
further use the Markov approximation by neglecting retardation in the integration of Eq. (4), namely p!(7) is replaced by pl(t).
Our treatment is beyond such over-simplified Markovian approximation.

After some trivial algebra, we find the expression of H;(t) is given by H;(t) = ¥ gx[e ™" (e’wk)c,b;;e*g(’) +H.c.], where
£(t) = elt®a'ag g=itana’a Qubstituting this expression of ;(t) into the quantum master equation, namely Eq. (4), we have

d ~ t l' . . ~ ~
() = - /0 dr{ Y tee I8~ 1) |0,0-pl(7) o pl(T)0 | +H} s)
k

where &(r — 1) = (0,]¢5e=(9)|0,) is a dynamical modulation function. The exact expression of & (7 — T) can be derived by
making use of the technique of Feynman disentangling of operators>!-?>. One can find

o 91
—A —ilay(t—
S(t—1)=e I;je @(1=7) (6)

where A = (go/p)? is a steerable parameter completely determined by the ancillary HO. The dynamical modulation function
& (t — 1) fully characterizes the influence of the single-mode HO on the reduced dynamics of the dissipative TLS.

Non-equilibrium dynamics of population difference
Starting from Eq. (5), one can extract the equation of motion for matrix’s components of the TLS, i.e., ﬁjg, (t) = (IpL@®)|i")

with j,j’ = e, g, where |e, g) are the eigenstates of .. Meanwhile, due to the fact that §L,(t) = ec(t), we derived the following
integro-differential equation for Pee(#) in Schrédinger picture

d P ettt
pelt) == [aret Y Y el N5 (1) 4 Cee. )
=0 """ &k

where C.c. denotes complex conjugate. With the help of spectral density, one can replace the discrete summation in the
above equation by a continuous integrand, i.e., Y, g7¢ '™ — [*dwJ(w)e "', For the Lorentz spectral density considered in
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Figure 1. §P(z) is plotted as the function of time with different steer parameters: A = 0.02 (yellow circles), A = 0.05
(magenta stars), A = 0.1 (blue diamonds) and A = 0.2 (red squares). The purple solid lines are obtained from the
Wigner-Weisskopf approximate expression of & (1) — Py(t) (see Methods). The insert curve show the relation between 7} and
A. The initial state of the TLS is |e)(e|, other parameters are chosen as @y = 100cm™!, @, = 10cm™! and @ = 0.15cm .

this paper, the integrand can be greatly simplified by extending the integration range of @ from [0, +o0) to (—eo, +c0). Such
approximation has been widely employed in several previous studies'-?®. Then, we have

= 2’[ )
Z Fefwc(tf‘v) [efllwo(tf‘r)pee(f) =+ C.C.} ) 8)

d . ' a
Epee(t)__/o dtae )y

We shall solve the integro-differential equation in Eq. (8) by making use of Laplace transformation, which is defined
by f(z) = L[f(t)] = [y dte ¥ f(t). After the Laplace transformation, we find Pee(z)/Pec(0) = [z+ p(z)] !, where the
Laplace-transformed kernel f1(z) is given by

.y = ﬂ Z+(Oc
S (24w + e

o a1
u(z) =2 [20667L ) )lL'cos(la)ot)e“’"’} =2aqe 9)
=0

Thus, the expression of population difference in the polaron representation can be obtained via P(t) = Trs[0,Ps(t)] = 2Pee () — 1.
Next, we need to transform P(¢) back to the original representation. Thanks to the fact [0, S] = 0, the expression of population
difference does not change by the polaron transformation, i.e., P(t) = P(t). Finally, we arrive at

Pec (0
Py =221 P=O | (10)
7+ u(z)
where .#~! denotes inverse Laplace transformation, i.e. .Z~![f(z)] = %m ggfif: dte? f(z). As long as the initial state is given,

the dynamics of P(¢) can be fully determined by Eq. (10). In this paper, the inverse Laplace transformation is numerically
performed by making use of the Zakian method?’, which uses a series of weight functions to approximate an arbitrary function’s
inverse Laplace transform in time domain. It should be stressed that Eq. (10) only works in the regime where both o and A are
small, due to the Born and the second-order master equation approximations.

On the other hand, the sum of / in the expressions of (1(z) in Eq. (9) can be exactly worked out

~2 . . . . — —
2o F[{ iz i lz—l—lwc},{l—‘/ (Z)-gwc)Z,]_FJ (ch)z}l], an

Z+

u(z)

where F[{X{,X2,..,Xm },{Y1,¥2,---,¥n},Z] is the generalized hypergeometric function®®. If the TLS and the single-mode HO is
completely decoupled, using Eq. (11), one can easily demonstrate limy _,o tt(z) = 2a/(z+ @,). In this special case, the inverse
Laplace transformation in Eq. (10) can be analytically done and the expression of P(¢) is then given by

1 1 [0) 1
= 1 = 77(()8[ —_ < i - -
P(t) = %%P(t) 2e [cosh (2®t> + R sinh (Z(E)tﬂ 1, (12)
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where ® = /@2 — 8a. This result reproduces the Eq. (10.51) in Ref.!.

In Fig. 1, we plot the dynamics of 8P(¢t) = P(¢) — Py(t) which can be regarded as a witness to the effectiveness of our
scheme. If 6P(¢t) > 0, i.e., P(t) > Py(t), one can conclude that the decay of the population difference is slowed down when
tuning on the coupling between the TLS and the assisted HO. From Fig. 1, one can see §P(¢) can be increased by enhancing A,
which means the coherently dynamics of P(¢) becomes more and more robust as A becomes larger. In this sense, by adjusting
the parameters of the ancillary degree of freedom, we can achieve a controllable quantum dissipative dynamics.

Generalizations

Next, we would like to show that the single-mode HO can be equivalently replaced by a periodic driving field or a multi-mode
bosonic reservoir. Though the physical properties of these assisted degrees of freedom are completely different, the effect
of decoherence-suppression remains unchange. Moreover, we extend the single-mode-HO-based steer scheme to a more
general qauntum dissipative system, in which the counter-rotating-wave terms are included. To handle the reduced dynamics
without the rotating-wave approximation, we employ a purely numerical method, the hierarchical equations of motion (HEOM)
approach?’~33, to obtain the exact reduced dynamics of the TLS. The HEOM can be viewed as a bridge connecting the standard
Schrodinger equation, which is exact but commonly hard to solve directly, and a set of ordinary differential equations, which
can be treated numerically by using the well-developed Runge-Kutta algorithm. Without invoking the Born, weak-coupling
and rotating-wave approximations, the HEOM can provide a rigorous numerical result as long as the initial state of the whole
system is a system-environment separable state.

Periodic driving field case
The assisted degree of freedom can be replaced by a periodic driving along the z direction. We can construct the following
time-dependent Hamiltonian in which the TLS is engineered by a cosine driving term,

1 1 -
_ i i
H(t) =5 €0 + 5Acos(Qr)o: + Zk: @b, by + Zk:gk (0_b) +01by), (13)
where A is the driving amplitude and Q is the driving frequency. The dynamics of the whole system is governed by the
Schrédinger equation d,|y/(¢)) = —iH(¢)|y(¢)). To handle the time-dependent term in the above Schrodinger equation, we
apply a time-dependent transformation to |y(t)) as |{(t)) = €% |y(t)), where the time-dependent generator is given by S, =
i4s sin(Qt)0.3*3. Then, in the transformed representation, the dynamics of |(¢)) is governed by o, |W(¢)) = —iH ()| (t)),
where

1 . .
A1) = [H (1) ~i9]e™ = Jeo.+ Y ablbi+ ¥ s [o,e*"i’(’)b,i +H.c.} :
k k

with ¢ (¢) = % sin(Qt). If the driving frequency is sufficiently high, the time-dependent Hamiltonian H (¢) can be approximately
replaced a much simpler, undriven effective Hamiltonian®**3>. To be more specific, using the Jacobi-Anger identity

eixsinﬁ — i /n (x)einﬁ’

n=—oo

where _#,(x) are Bessel functions of the first kind”®, one can only retain the lowest order term and neglect all the other
higher-order terms in eTio( ), namely,

exp [iig sin(Qt)} ~ fo(%)

Then, one can obtain an effective interaction Hamiltonian H(¢) = ¥ gx(o_e ' b,ie"“’k’ + H.c.), where the renormalized
coupling strength is defined by g, = _#o(A/€)gr. Compared with that of the undriven case, one can see the periodic driving
field actually renormalizes the coupling constant ¢ in the spectral density, i.e., ¢« — & = _Z(A/ Q)?a. Considering the fact
that 0 < 7o A/ 9)2 <1, then & < «. Thus, the periodic driving field is able to facilitate a robust coherent dynamics as well.
In the recent experiment’>, a similar periodic driving field has been used to control the dynamics of quantum circuits.

Multi-mode bosonic reservoir case
Our scheme can be also generalized to the case where the assisted degree of freedom is a multi-mode bosonic reservoir. The
whole Hamiltonian of the modulated system in this situation is given by

1 1 -
H =5€0.+ Zsjajaj +3 Y xjo. (aj. +aj)+ Y obybe+ ng(csz +04b), (14)
J J k k
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Figure 2. §P(¢) is plotted as the function of time with different steer parameters: A = 0.02 (yellow circles), A = 0.05
(magenta stars), A = 0.1 (blue diamonds) and A = 0.2 (red squares). The initial state of the TLS is |e) (e, other parameters are
chosen as n = 30cm~ !, @, = 5cm~ ! and o = 0.1cm™!

where aj and a; are creation and annihilation operators of the jth assisted bosonic mode with frequency €;, respectively,
the coupling strengthes between the TLS and assisted reservoir are characterized by k;. The spectral density of the assisted
reservoir is then defined by p(€) =} ; K]2_5 (e —&;). Similar to the single-mode HO case, we apply a polaron transformation to

Eq. (14) as H = ¢He ™G, where the generator G is given by
*Z—Gz al —a]) (15)
Then, the transformed Hamiltonian A is given by

1 _
H ZESO'Z—FZEja;aj—FZwkabk+ng(0'_b;£e ¢ +0'+bke‘5), (16)
J k k

where & = ¥, ¢ (af — ;). Assuming pup(0) = pa(0) © py(0) with pa(0) = ®; 02)(04], pp(0) = ®; [05)(0F| and using the
same quantum master equation approach displayed in single-mode HO case, one can find

< peelt) = /Vth[ (E=0006(1 - 1)pe (1) + Hec., (a7)

where the dynamical modulation function is given by
2\ oo 2\ ! 2
Kj 1 (K —ilejt Ki (et
IFW( >Zp<)e”zﬂpgg&”‘0-

Assuming p(€) has a super-Ohmic spectral density with a Lorentz-type cutoff form, i.e.,

1 yxe?
p(e) = Ternt (18)
then, &(¢) has a very simple expression
&(t) ~exp [/ d&‘% (7 — 1)} = exp (Ae—nz —A) —e A Z Feflnt’ (19)
e =0

where A = y /1. Compared with that of Eq. (6), one can see A plays the same role with that of A. Following the same process
exhibited in single-mode case, one can find the expression of population difference P(¢) is almost the same with Eq. (10), the
only difference is the expression of p(z) should be replaced by

AL
Bl itoct+in

—A

1(z) =20 (20)
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Figure 3. The dynamics P(¢) from the HEOM method with different tunable parameters: A = 0 (purple solid line), A = 0.05
(magenta dotdashed line), A = 0.1 (blue dashed line) and A = 0.2 (red dotted line). The initial state of the whole system is
Psa(0) @y |0F) (OF|, other parameters are chosen as o = 0.01 cm™!, ¢ = 1.5cm ! and @, = 0.2 cm™!

In Fig. 2, we display the dynamics of §P(¢) in the case where the assisted degree of freedom is a multi-mode bosonic
reservoir. One can see the decay of P(¢) can be inhibited due to the interplay between the TLS and the additional degrees of
freedom. Similar to single-mode HO case, the decay rate can be further reduced by increasing the value of A. Our result is in
agreement with that of Ref.3® in which authors use a stochastic dephasing fluctuation to suppress the relaxation processes of
two-level and three-level atomic systems. The physical picture behind this phenomenon is the ancillary degree of freedom
effectively modifies the property of original environment acting on the TLS, which gives rise to this decoherence-suppression
effect. Similar results have been also reported in several previous studies?!37-3,

HEOM treatment

We have demonstrated that the decoherence of the TLS can be effectively suppressed by introducing an auxiliary single-mode
HO. However, this conclusion is obtained under the weak-coupling and rotating-wave approximations. Going beyond these
limitations, we next consider a more general quantum dissipative system

1 . .
H=5¢0.+ wa'a+goo;(a’ +a)+ Y obibi+ Y guo (b] +bx). @21)
% %

Compared with Eq. (1), the counter-rotating-wave terms have been incorporated in the above Hamiltonian.

To obtain the reduced dynamics of the TLS without invoking any approximation, we employ the HEOM approach, which
is a highly efficient and nonperturbative numerical method. To realize the traditional HEOM algorithm, it is necessary that
the zero-temperature environmental correlation function C(¢) = [ d@J(®)e™'®" can be (or at least approximately) written as a
finite sum of exponentials®*“°. Fortunately, one can easily demonstrate that C(¢) = ae~ (@) for the Lorentz spectral density

considered in this paper. Then, following the procedure shown in Refs.>>4, one can obtain the following hierarchy equations
d . 2 2
Zpilt) =( ity —T-3 ) pylr) +@ Y. Pri, () X 0P, (0) (22)
p= p=

where p;_;(t) is the reduced density operator of the TLS plus the HO, p; oy (¢) are auxiliary operators introduced in HEOM
algorithm,

1 .
Hq, = 5scrz + a)gaTangoGZ(a' +a),

7= (£1,£,) is a two-dimensional index, & = (1,0), &, = (0,1), and ¥ = (@, — i€, @, + i€) are two-dimensional vectors, two
superoperators ® and ¥, are defined by

X

®=—io]. ¥, =5al(-1/6;-0]],

where 6, = 0, ® 1, with 1, being an identity operator of the HO, XY = [X,Y] =XY —YX and X°Y ={X,Y} = XY +YX.
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The initial-state conditions of the auxiliary operators are given by p; (0) = psa(0) and pj; 7é6(0) =0, where 0 = (0,0)
is a two-dimensional zero vector. For numerical simulations, we need to truncate the number of hierarchical equations for
a sufficiently large integer ¢., which can guarantee the numerical convergence. All the terms of pz(t) with ¢; + 0 > (. are
set to be zero, and the terms of p;() with £; + ¢, < £, form a closed set of differential equations. Technically speaking,
the single-mode HO is a co-dimensional matrix in its Fock state basis {|0,),|1a),|2a),...}. Thus, the size of HO should be
truncated in practical simulations. In this paper, we approximately regard the HO as a 10 x 10 matrix due to the limitation of
our computation resource, and we have checked that the reduced dynamics of the TLS remains unchanged by further increasing
the size of the assisted degree of freedom.

Assuming pg,(0) = |e)(e| ® |0a) (0], the reduced density operator of the TLS is obtained by partially tracing out of the
degree of freedom of the HO from p;_;(¢), i.e. ps(t) = Tra[pz_g(¢)]. Fig. 3 shows our numerical results obtained by the HEOM
approach. One can clearly see the decay of P(¢) is suppressed by switching on the TLS-HO coupling. As A increases, the
effect of coherence-preservation becomes more noticeable. This result indicates that our steer scheme can be generalized to the
non-rotating-wave approximation case, which greatly extends the scope of validity of our steer scheme.

Discussion

In our theoretical scheme, the inclusion of the single-mode HO can considerably protect the quantum coherence, and the
ratio of A plays a crucial role in our recipe. How to obtain a relatively large value of A is the main difficulty in realizing
our control scheme from an experimental perspective. Fortunately, the research of light-matter interaction has made a great
progress in experiment. Nowadays, researchers are able to simulate the quantum Rabi model, whose Hamiltonian is described
by HRapi = — % (Ao, +€0,) + wo(a’a+ %) + g0, (a" +a), in the ultra-strong-coupling and the deep-strong-coupling regimes.
For example, by making use of a superconducting flux qubit and an LC oscillator via Josephson junctions, Yoshihara et al.
have experimentally realized a superconducting circuits with the ratio g/, ranging from 0.72 to 1.34 and g/A > 1*'. These
experimental progresses can provide a strong support to our steer scheme in realistic physical systems.

In conclusion, we propose a strategy to realize a controllable dynamics of a dissipative TLS with the help of an assisted
degrees of freedom, which can be a single-mode HO, a periodic driving field or a multi-mode bosonic reservoir. Via adjusting
the parameters of the assisted degree of freedom, we find the decoherence rate of the TLS can be significantly suppressed
regardless of whether the counter-rotating-wave terms are taken into account. The physical picture behind this phenomenon is
because the decays induced by parallel interaction (caused by the assisted degrees of freedom) and perpendicular interaction
(intrinsically appeared in the original Hamiltonian) compete with each other, which effectively modifies the decoherence
induced by the perpendicular interaction and gives rise to this coherence-preserve effect. Though our results are achieved in a
Lorentz environment at zero temperature. It would be very interesting to generalize our steer scheme to some more general
situations by using the HEOM method, which has been extended to explore the dissipative dynamics in finite-temperature
environment described by an arbitrary spectral density function>4%42-44_Finally, due to the generality of the dissipative TLS
model, we expect our result to be of interest for some applications in quantum optics and quantum information.

Methods

In an approximate treatment, the density matrix’s components of the TLS commonly exhibit exponential decays, which are
governed by the relaxation time 77 and the dephasing time 7> describing the evolution of pe.(f) and peg(t), respectively. Thus,
the decoherence time Tj » roughly reflects the characteristic of dissipative dynamics*. Here, we would like to evaluate the
expression of the relaxation time 77 and explore the influence of the assisted HO on the decoherence time.

Starting from Eq. (7), one can find

. ﬁam/ﬁm e
e = N d 5 23
Pe) = | T TR @ 29

—A

)ﬂl
m

[ ngk

2
_ Z 8k
Her) =€ : zhile—op—lay)

=0

Strictly speaking, the integration in Eq. (23) should be performed with the Bromwich path. However, in an approximate
treatment, the Bromwich path can be changed to that on the real axis —oo < @ < oo by a transform z = i@ + 0+2>4648 where
0" denotes a positive infinitesimal. Under such treatment, we find

~(ﬂ_gﬂﬁ/“gw - (24)
Peell) =i ) B i (i@ +07) —ip (@107
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Using the Sokhotski-Plemel;j theorem

1 1
P xins
xzior Py Timok),
we have il (i@ +0") =X, (@) — i+ (@), where

S

Ei(w) =e F
=0 "*

2 o 11
8k T N R o o
;a’i(E—a)k—lwo)’ Ls(®@) = me Eg) T ;g"a[wi(e o —lay)].

Thus, we finally arrive at

o pel0) [ i
=5 | O T @ @ -

The pole of the above integrand can be approximately viewed as @y + il (@) + il _ (®p), where @ is determined by
Oy — L1 (@) —X_(@o) = 0. Then, the integration can be worked out by using the residue theorem and the result is Pee(f) ~
Pec(0)e'® e~ [T+ (@) +T- (@)l 1 the weak-coupling regime, one can neglect the level shift induced by L. (@)***¥, which
results in @Wp ~ 0. Finally, the expression of 71 can be further simplified to

> Al io _ioe 2iae io, io
T '~ Y I0)=271e * Y ZJ(e—lay) = ——e H(=1) @ [ —A) @ G(”,O,A)G(”,O,A)], 26
= L T0) =2me ) (e —lon) = — e (=A) | (<) o o (26)

where G(x,y1,y>) is the generalized incomplete gamma function?®. Accordingly, the approximate expression of population
difference is &(t) ~ 2exp(—t/T;) — 1. One can see lim; o7, ' = 2mJ(€), which reproduces the well-known Wigner-
Weisskopf decay rate without invoking the assisted HO?*.

In Fig. 1, one can observe that the relaxation time can be effectively prolonged by increasing the value of A. This result
is consistent with our previous numerical simulations. Using the same method, we also find T[l = %Tfl , which means the
dephasing time can be lengthened by adjusting the parameter A as well. From the analytical expression of the decoherence
time, we once again demonstrate the validity of our steer scheme.
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Figure 1

OP(t) is plotted as the function of time with different steer parameters: A = 0.02 (yellow circles),A = 0.05
(magenta stars),\ = 0.1 (blue diamonds) andA = 0.2 (red squares). The purple solid lines are obtained

from the Wigner-Weisskopf approximate expression of P(t)-PO0(t) (see Methods). The insert curve show
the relation between T1 and A. The initial state of the TLS is|e><e|, other parameters are chosen asw0 =

100cm-1,wc = 10cm-1 anda = 0.15cm-1.
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Figure 2

OP(t) is plotted as the function of time with different steer parameters: A= 0.02 (yellow circles),A= 0.05
(magenta stars),A= 0.1 (blue diamonds) andA= 0.2 (red squares). The initial state of the TLS is|e><e],
other parameters are chosen as n = 30cm-1,wc = 5cm-1 anda = 0.1cm-1.



Figure 3

The dynamics P(t) from the HEOM method with different tunable parameters: A = 0 (purple solid line),A =
0.05 (magenta dotdashed line),A = 0.1 (blue dashed line) andA = 0.2 (red dotted line). The initial state of
the whole system is psa(0)lk|Ok b><0k b|, other parameters are chosen asa = 0.01 cm-1,e = 1.5 cm-1

andwc =0.2 cm-1
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