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in quantum computin§43-45] and quantum communicationcavity-plexciton system and solve the Lindblad master
[8, 18, 46-49]. For example, a notable degree of quantueguation to obtain the temporal dynamics of the system. We
entanglement has been established within 100 fs betweed that a single microcavity mode can hardly enhance the
two QEs which are sandwiched inside two plasmongystem coherence, and its spectral position with respect to the
nanogap antennas, which are separated by ri.8and plasmor QE would prominently affect the system dynamics.
carved at the two foci of an elliptical Au microcavit§]. To understand the fundamental mechanism, we calculate the
Nevertheless and undeniably, plasmonic nanostructueggenvalues of the system Hamiltonian and deduce the rela-
suffer from its inherent losses ascribed to multiple decayitignship between system dynamics and cavity SHB, which
channels, including Ohmic losg0], inelastic scattering lead to a general guideline for the selections of resonant
[51], surface interactionf52], and resonant electron tun-energies and coupling rates of the introduced microcavity
neling [53], which severely induce decoherence and limihodes. Accordingly, we demonstrate a strategy for sig-
guantum operation timgb4]. ni cantly improving coherent time, in which two spectrally-

Two promising routes to boost QGEcoherence include symmetric cavity modes are simultaneously coupled to the
cavity protection effect and spectral-hole-burr(@®BiB). The plasmon-emitter system, and serve as two different functional

rst route, cavity protection effect, works by employing loles—oscillator (for red-detuned modleand capacitofor
strongly coupled single-mode cavity to suppress the inHgdue-detuned modgrespectively. We hope to establish the
mogeneous broadening and maintain coherence in non-Mhaeoretical foundation for cavity SHB to boost coherence in
kovian dynamicg55, 56]. For example, enhanced coherengalexcitonic strong coupling systems through this study.
has been observed for spin ensembles in conventional
microcavity QED system§57]. The atomic spins do not
directly interact with each other but are collectively coupled
to the microwave resonator, which prevents them fro2n Model
changing into a state where they cannot be used for proces-
sing quantum information any longer. This protection effeds graphically illustrated in gure 1(a), we start from a
considerably extends the duration time in which guantystasmonic dimer nanocavity with a QE embedded in the gap
information can be read out from the atomic spins. of two gold nanoparticleAuUNPSg [7, 62, 73, 74], where the

On the other hand, the second route, SHB, works IQE can be either a molecule or a colloidal quantum dot
selectively saturating the QEs in a narrow frequency windo82, 71, 75]. The transition dipole moment of the QE is
where these bleached emitters, in turn, generate long-liesdumed in the direction along the axis of the dimer to
collective dark statg®8], leading to the storage of coherencachieve efcient coupling between the plasmon and the
for the systen|{59-61]. The idea of SHB has been recentlemitter. This plasmon-emitter system is then coupled to an
studied in a plasmon-emitter strong coupling sysfég), external microcavity. The plasmonic nanocavity, quantized as
where burning holes in emitter ensemble successfulyharmonic oscillator with resonant frequengyand decay
increases the coherence time of such a plexcitonic systeae |, is described with the creation and annihilation
Similar experimental works have been carried out on sgiperatorsp’ andp. Similarly, the microcavity is quantized to
ensembles in microwave photonic cavity at cryogenic temgreation and annihilation operatars and c, with resonant
erature, and revealed that collective dark states from SHB faeguency . and decay rate.. The emitter is modeled as a
pivotal to reducing the dissipation of polaritof@3, 64]. two-level system with transition frequency and decay rate
Experimentally, the spectral holes are burnt using externaby transition operators” = |[e gl and = |g €|, where
optical pulses, which can be generated with resonant mige-(or |g ) represents the excitédr ground state. As shown
cavities[65-67]. In this sense, microcavities could be directlin gure1(b), the coupling rategep Jec andgy., denote the
applied for the SHB function without the detrimentaémitterplasmon, emitteccavity, and plasmon-cavity inter-
bleaching effect on the emitters. Microcavities have beactions, respectively. Based on the JC model, the system
employed for other optical functions such as engineering tHamiltonian taking into accoummnultiple cavity modes is
near elds of plexcitonic systems for enhancing the emissianitten as:
or modulating lightmatter interaction through Fano-like
spectral hole$s, 16, 28, 37, 68-71]. The spectral similarity H = weo™o™ + wpP' P + X1 Wen Gn Gn
between the SHB holes and the Fano-like holes inspires us to n _ i _
explore the SHB-like phenomena from microcavities, which TGP+ P+ X G, (7T G o)
we name cavity SHB. It may likely have similar protective + Xm G, (GhP+ B G), 1)
effects as external optical pulses on plexcitonic systems.

To demonstrate cavity SHB, we start with a resonawhere the subscriph marks themth cavity mode(m € N),
plexcitonic system with strongly coupled plasmon and emétndw,, andc;, (cy) are the corresponding resonant frequency
ter, characterized by the rapid energy loss of the emitter duamal operators. To characterize the emission intensity, we
the intrinsically high decay rate of the plasmon. Introducirgglculate and normalize the steady-state population with the
microcavity modes with moderate qualif) factors, we density matrix:S(w) < Tr[o"o~p(w)] under a probing fre-
investigate the coherent time for the new system. The Jaynggency [62, 64]. The evolution dynamics of the hybrid
Cummings(JO) model[72] is used to describe the coupledystem in the time domain can be described by the Lindblad
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Figure 1. Cavity SHB to boost coherend@) Schematic diagram for a plexcitonic system consisting of an AuNP dimer and a QE, coupled
with an external microcavityb) The JC model for the interactions in the hybrid system consisting of emitter, plasmon, and micr@}avity.
Normalized emission intensity of bare emitter, plasmon and cavity fimdeg) before coupling(d) Normalized emission intensity a(e)
dynamics of excited-state population of the emitter after coupling with pla@nel with plasmon and single cavity mogke+ p+ cg); or

with plasmon and two cavity modést+ p+ c_+ cr).

master equatiofir]: In this work, we choose a resonant plexcito(ee p)
. - system with xed parameters,= = 2.0eV, <= 10 meV,
CEl i[p, H] + ) Holp p=100 meV, gep,= 100 meV, which satises gezp>
Kip K (kp — %)%/ 16 to ensure strong coupling between the emitter
+7 [Plp+>m —2cr$ [cd o, (2 andth plasmof42]. We then introduce microcavity modes

) ) ) ) with identical intrinsic decay rate af, = 1 meV (i.e. Q

where the density matrixof the system is determined by thej0®) . Meanwhile, we take the strong coupling between
coherent evolution ofH, and the '—'”db|ad§ terms  arémjcrocavity and emitter into consideration by using a constant
$lalp = 2apa” —dap —pda, with = 7, p, Cn coypling strength ofy,, = 10 meV for all cavity modes,
accounting for the losses from emitter, plasmon and micro:. . 2 " 9 .

. . which satises g; > (7, — Kc,)?/ 16 and is reasonably
cavity, respectively. chievable b e;n eriment[s77m—79] Besides these xed

As depicted in gurel(b), we setthe plasmon on its eXCitedaarameters tr):e resonant ener o.f the microcavit s
state(hatched circlpwhile other parts of the system, i.e. emitteg ! 9y y mag

) . . . nd the plasmon-cavity mode coupling r are the
and microcavity, on their ground statesnpty circley as the O esser?t'al ar'ablesy'n our stud pof ga %%WSHB Takin
initial conditions for the time-domain studies. The equationst it at varl ! tlrJ1 ufy V'Yt .dtel g
motion for the hybrid system can be derived as: € emiller resonance, as the relerence point, we

the detuning of the introduced microcavity modey =

(07) = —(e/2 +1we) (07) —Gep(P) — 1Gec, (Cm),  (38) we, — we, and divide the spectral holes to left afmith

. . . = ¢ if we, < we) and right armwith ¢, = crif we. > we).

(P) = —(rp/2 + iwp) (P) — gy (07) — gy, (Cm)y  (3D) Icr;n nge 1. we e>e<)emplifygtwo hn(ybrid snglsternﬁ:) the pIéZ(-

(Cm) = —(Ka/2 + iwe) (Cn) — G, (07) — Gy (P)- citon couplgd With a single cav_ity mode; at 2.1eV

" (30) (e+ p+cg) with cavity mode coupling ratgy,.= 10 meV;

(i) the plexciton coupled with,cat 1.9eV and g at 2.1 eV

During the system evolution, we record the excited-stgts p+c +cg), symmetrical around .= ,= 2.0eV, with

population of the emitter to evaluate the coherence of tie sameg,.= 10 meV. Note that the subscriph is
system. dropped here because the parameters for all cavity modes are
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the same. This rule is applicablesg andg,. in the follow- population in gures2(a) and(b). As shown in gure2(a), the

ing text. two dark vertical stripes correspond to the left and right peaks
of Rabi splitting in the original4ep system. In comparison, a
thin, bright line cuts through the two vertical stripes diag-
onally, representing the effect of cavity SHB. While inter-
secting, a clear anti-crossing feature appears on the top-right

For the exemplied hybrid systems consisting of the emittdf9ion with > 0 (i.e. the right arry which becomes weak
(@), the plasmon(p), and the cavity(c), we present in fqr 'Fhe Ief_t arm( < 0). Corresp_ondlngly, the dynam|cs are
gures1(c) and (d) their normalized emission spectra befordiMilarly in uenced by the cavity-emitter detuning as
and after the coupling for different combinations. Firstly, th%‘o‘i"n in gure2(b). In the top region, especially nea;rw.lth ,
emission intensity of the plexcitoni¢ p systen{dashed ling = 0.1eV, we observe clear oscillations till 200 fs; while
exhibits two peaks around their original resonanc8® noticeable OSC|IIa}|0n is observed in the bottom region
e= p=20eV. The two peaks, representing the RaB/ound ¢ with =S 0.1eV. Combining gures2(g) and
splitting, signify a plasmon-emitter strong coupling systefR): We conclude a stronpr weaR coupling between the

[77-79). Secondly, at the frequency of one of the splittin§licrocavity & (or ¢) mode and the-ep system.
peaks(i.e. 2.1 eV}, we introduce a single microcavity mode ~ Ne€xt, we take cand & as two representative cavity SHB

with we, = 2.1eV. For the coupled €p+cg System, as for Wef':\k and strong coupling locations to compare in detail the
shown in gurel(d), we observe a deepole burnt around decaying processes of the coupletipeéc, ) systems. As
2.1 eV (blue 1ing, leaving a bleach-like frequency windowshown in gure2(c), for the weakly coupled, ccavity SHB,
where a strong coupling between plexciton and microcavf population of excited emitter suffers from rapid loss initi-
mode is likely to occuf19, 25 39]. Thirdly, at the fre- ally in the & p+c_ system. However, the curve goes almost
quencies of both splitting peakise. 1.9eV and 2.1 eywe  at after 250 fs with a decay rate close to 1 né intrinsic
introduce two microcavity modes with, = 1.9¢eV and decay rate of g at a low population(about 169 in the
we, = 2.1 eV, which are spectrally symmetric with respect tgteady state. In contrast, the ¢z system stops attenuation
op)- Surprisingly, in gure1(d), we observe an asymmetrymuch earlier(before 200 fg then approaches and keeps the
feature in the emission spectrum for the couptegtec + cg ~ Same loss pattern as thegsystem in the steady state. Both
system(magenta ling cg leaves a deep hole, whilg bas a systems seem not promising in boosting the system coherence.
negligible impact on the emission spectrum upon couéing However, their complementary dynamics in different periods
evidenced by the tiny hole in the inget inspire the idea of overcoming their respective shortage
Though the differences of the emission spectra betwdbrough coupling the 4ep system with ¢ and & simulta-
etptcg and e pt+c +cg Systems are minimum, theirneously, i.e. to construct ar p+ ¢ +Cg system.
dynamics of excited-state population of the emitter after To apply cavity SHB with two cavity modes system-
coupling differs drastically, as illustrated irgure 1(e). atically, we will investigate the underlying mechanism for the
Unlike the plexcitonic €p system, featured as Rabi oscilladistinct behaviors of cand & by adopting the temporal
tion accompanied by a monotonically decreased enveldggipled-mode theor}80, 81]. This method has been widely
(dashed ling the two new systems after cavity SHB both takapplied in systems with multiple resonators to derive the
some time to reach their steady states. Thp+&g system optical response of the system, which is the superposition of
rstly loses coherence rapidly, and saturates temporarily frdi@ steady-state solutiorfise. eigenvalugsof a time evol-
60 to 150 fs at about £8, then continues decreasing till aution operatof82-84]. In our case, the effective Hamiltonian
point of time around 300 fs when it drops as fast as theatrix for equationg3a 3b and3c) reads as:
original etp system. In contrast, thetp+c +cgr System

3. Results and discussions

initially attenuates similarly to thetg system, stays almost we — 17e/2 gef’ Gecy ) Gern

at temporarily at about 8 till 200 fs and then continues to Qp  wp—lHp/2 Gy ) ey
decay with a greatly reduced rate and maintains its oscillatidaf = ecy e, wey — IRy /2" 0
till 500 fs. Such distinct behavior indicates that coupling with # #
two cavity modes might be a good strategy for suppressing Gecrm Yenm 0 " wep — iRep/2
decoherence. However, why does burning a hole at the left or (4)

right arm differ? Why burning two holes on both sides is _ o
much more efcient in boosting the coherence than burningtdere, we consider a simpéd resonance enhancement con-

single hole? What are the roles gf and & in suppressing dition of orthogonal resonancg83], as the phase shifts
decoherence? between emitter, plasmon and microcavity are ignored.
Hence, we can calculate eigenvalues fop€c system with
3.1. Effect of cavity SHB location the subset of equatio@) in 3x 3 matrix as follows:

For a hybrid system with a single cavity mo@e p+ c), we We — 17 /2 Oep Oec
systematlc_ally scan the_locatl(znvof cavity mode from 1.8 eVHeeﬁ+p+c _ %y wp — irkp /2 Ghe )
to 2.2eV(i.e. the detuning =S 0.2-0.2 e\), and show e /2
the emission intensity spectra and dynamics of the emitter S e We — Ihic
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Figure 2. Effect of microcavity-mode location fot-@+ ¢ systems(a) Normalized spectrum ar{td) dynamics of the excited-state population
of the emitter in varioustep+ ¢ hybrid systems with different spectral locations of the cavity mode, represented by the detur{z)dhe
dynamics of excited-state population of the emitter for the benchmarkyesten(grey, dotted-ling and two representative- e+ ¢ systems
with eitherwe, = 1.9eV( = $ 0.1 e\) (gold, solid-ling or we,=2.1eV( = 0.1 eV) (blue, solid-ling.

equation(5) can represent€p system and bare cavity mode ¢hat the introduced cavity mode with.< ) is weakly
whengecandg,c are both set to (.e. no coupling between c coupled with the plexcitonic modes. In contrast, wher> 0,
and & p systen Im(ES*P*°) (dotted ling and IM(E5*P*°) (solid line) gradually

By diagonalization, we obtain the complex eigenvalues fevolve and become equal to each other at= 0.1 eV(i.e. the
the e+ p system(E;*P, E5P), the bare cavity modé®), and location of &). It means that the cavity mode shares the
the erp+c system(E;™P*C, ESTPHC, ESTPTC), respectively same dissipation with one of the plexcitonic modes, while the
[85, 86]. In gure 3(a), we show both their real parfnse) other plexcitonic mode remains undisturbed. As further evi-
and imaginary parts, as functions of the detuning(i.e. as . denced by the inset, B&"P"°) and R¢ESP™°) exhibit an
is swep}). For the e p system that is in the strong couplingnti-crossing feature, which cams that the interaction
regime[42, 68], its eigenvaluegrectangles and triangleare between the microcavity and the @ system is much more
E;"P = 2.097 — 0.028i eV andE5"P = 1.903 — 0.028i eV, ef cient at the right arm, and enters the strong coupling regime
whose real parts are separated 8ge, but independent on atwy,. In short, although the coupling strengths axed with

« Meanwhile, they share identical imaginary parts due to the= gy,c= 10 meV, the coupling between the microcavity and

formation of plexciton. For the+g+c system, its three the e p system is prohibited at the left arm and enabled at the
eigenvalues(colored lines now have distinct behaviorsright arm due to the different location of.
depending on the value of . When <0, ImE;*P*°) Such asymmetric coupling can be further elaborated by
(dotted ling and Im(E5"P"°) (dashed lingare very close to tailoring the coupling strengtly,., which can be feasibly
Im(ES™P) and In(ES*P); while IM(E5™P*°) (solid line over- controlled by cavity engineering, such as modifying relative
laps with IN{E®), suggesting that the additional cavity modpositions of plasmonic nanocavity and microcayiy] or
still dissipates at its own rate. In addition, the crossing betwesranging the shapes and sizes of the plasmonic nanostructures
ReES %) (dashed linpand R¢E;P"°) (solid ling is clearly such as nanoparticle§sg]. Particularly, we focus on
observed in the inset ofjure3(a). These observations indicatdm(E5 " *°) to estimate the strong coupling regions for the e
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Figure 3. Mechanism of microcavity-mode location for @+ ¢ systems(a) Imaginary parts and real paftase) of calculated eigenvalues
Ef"P*Cwithi = 1, 2, 3in various € p+ ¢ systemglines) holding the same cavity-coupling rajg. = 10 meV but different spectral locations
of the cavity mode, represented by the detuning In comparison, the calculated eigenvalBgs with i = 1,2 for e+ p system and Eor
bare cavity modes are represented by symifojsThe imaginary part of one selected eigenva&fe’™® (unit: meV) in various e p+c
systems with different cavity-coupling ratgs and detuning . Gray dashed line highlights the special casg,of 10 meV shown ir(a).

+ pt+c system. As shown in gure 3(b), small value of smaller than that of * ° inthe e-p system. On the other
ImEST*®) S 15 meV(magenta argdndicates a stronger hand, ¢ elevates and staysat at about 187 with a gradually
coupling between the microcavity and thepesystem. Fur- weakened oscillation. Their different dynamics are caused
thermore, the strong coupling regignsagenta trianglg¢sare by their asymmetric coupling with the plexciton as described
clearly asymmetrically distributed with respect to = 0. in gure3. And for the coupled-p+ c_+ cg system, its eigen
For the case ofj,c= 10 meV, which is explicitly studied in values now become: ;E 2.104S 0.012 eV, E,= 2.094S
gure3(a), it falls in the regime of asymmetric coupling, 2§.016 eV, E;= 1.903S 0.028 eV and E= 1.899S 0.0005
highlighted by the gray dashed line. However, whggy®» 25 eV. Compared to the bare cavity modes v = 1.9—
meV, the strong coupling would be enabled at both sides 0.0005i eV andE., = 2.1 — 0.0005i eV, the linewidth of g
irrelevant to (). Generally, gure 3(b) can be used as the(represented by.Eis now 24 times wider after coupling with
guideline to select the coupling rate of each cavity mode ¥ p system, whereas the linewidth ¢f @epresented by Jr
cavity SHB. remains unchanged. The linewidth widening @ftows it to
receive energy from+g system more etiently. However,
when the absorbed energy saturates, it also decays faster. In
contrast, the linewidth of cis only ¥ 24 of that of &, sug-
With a clearer understanding of the effect of the introducg@sting a much less efient energy absorption from+g
‘cavity holes, we now are ready to show some desigdystem, and similarly, a negligible attenuation as evidenced in
guidelines for a functional cavity SHB. Followingure3(a),  gure4(a).
we construct a coupled-g@+ c_+ cg System with parameters From a functional perspectiy89], ck at 2.1 eV works as
we, = 1.9V, we, = 2.1 eV andgy.= 10 meV, and initially a ‘capacitor to temporarily store energy for the system. It is
pump the plasmon as depicted in the insetaifre4(a). We  rstly charged sufciently and then inuenced by the high
then record the excited-state population of the emitter fdecay ratéi.e. 28 meV of plexciton, which mimics the lossy
500 fs, as denoted by the thick solid line igure 4(a). It resistor R in the RLC circuit as illustrated igure4(b). Thus,
clearly shows that burning two holes on both sides helps ihattenuates as an overdamped RLC oscillator with a large
emitter retain energy and is much moreogdnt in boosting value of resistance. Oppositely, at 1.9 eV is weakly cou-
the coherence than burning a single Hdieshed magenta andpled to the lossy plexciton and acts like an underdamped RLC
yellow lineg. oscillator with a negligibly small resistance, as illustrated in
To further study the functional role of each cavitygure4(b). It holds the resonance with intrinsically low loss,
mode, we also extract the population dynamics for the twuus, functions as an ideal lossless LC oscillator to maintain
cavity modes ¢ (solid blue lin@ and & (dasheddotted blue the oscillation for the system. It is worth noting that main-
line). As seen in gure 4(a), the population of g elevates taining the oscillation in our study is particularly important
rapidly to 1&* at rst and goes down with axed decay rate for manipulating the qubits and implementing the quantum
larger than that of * ° in the e p+c +cr system but logic gateg90, 91].

3.2. Functional cavity SHB

6
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Figure 4. Functional cavity SHB in-ep+ c_+ cg System(a) With only the plasmon initially pumpeghse) and the coupling,.= 10 meV,

the dynamics of excited-state population of the enfititéck solid ling and the two cavity modeg¢dasheddotted blue linand ¢ (solid

blue ling in the e+ p+ c_+ cg system. The dynamic features pfand & indicate their respective functions as a capacitor and an oscillator for
the system. Dynamics of excited-state population of the emitter ir+fhédetted ling, e+ p+ ¢, and & p+ cg (dashed lingsare shown for
comparison purposegh) Schematics of the RLC circuit analogy for the system decaying process.

With the understanding oka@s capacitor and @s oscil- the weaker the coupling is. We then choose a few repre-
lator, we see ingure4(a) that, for the e p+c_+ cg System, the sentative € p+c_+ cg Systems with cavity-coupling rates of
plexciton cooperates witfk@nd ¢ in a complementary manner,g,.= 0, 5, 10, 20, 40 meV, and study the dynamics 6f S
resulting in both a reduced decay rate and a certain levefmf the emitter, as well asc’c for the cavity modes. As
oscillation. Interestingly, lyend 400 fs, the oscillation of shown in gures5(b)—f), with gy decreased from 40 meV to
oscillator ¢ becomes weak, while the oscillation of capacitor @, the slopes oflog cycr (dasheddotted line} get less
revives, proving that there is andirect interaction betweensteep; meanwhile, I(& 5P in gure5(a) indicates that
them via the plexciton. To qutitatively evaluate the enhancethe coupling between plexciton and lsecomes weaker. On
ment of the coherence, we de the death of the systenthe other hand, withg,. decreased from 40 meV to O,
coherence when * ° 1078 then, the two cavity holes helplog ¢; ¢, (thin solid line$ starts with a steep slope and gets
enhance the emitter population by 4.5 orders of magnitudater till g,.= 10 meV, and then becomes gradually steep
within 300 fs, compared with the originat p system. Similarly, again. This agrees with the trend of (En5™**) in
we can estimate the decay rate of the systemttiyg the gure5(a) where it starts with the value arousd.5 meV at
dynamics curve with a sloped line in the steady grafer to Gpc= 40 meV and gets close to zero arogyd= 10 meV(

gure5(d) for a longer time period: the steady-state dynamicsie#. the weakest coupling between plexciton arjdand then
emittets population approaches that @J.dBy comparing the deviates from zero again fgp.< 10 meV. At the special
imaginary parts of the eigenvalues, i.e(ffy) P)= 0.028eV case ofgy,.= 0, ¢ and & share the same values of (fn
for the ep system and IfE)= 0.0005eV for the 5" asindicated in gure5(a), consequently, the dynamics
e+ p+ C_+ Cg System, the attenuation of the emittegopulation Of the two cavity modes overlaps imure 5(f).
can be slowed down by about 56 times. We then focus on the dynamics of the emittqgropula-

Besides this strategy of selecting a pair of strongly cotien (thick solid lineg, which exhibit strong dependence on
pled and weakly coupled cavity modes to combine tiglec- Note that the case gfc= 10 meV is taken from gure4
functions of capacitor and oscillator, in the next step, we wif & reference case and thus included in all gietow
discuss the other choices ) employing different cavity- dashed lings for comparison purposes. As shown in
coupling ratesg,. to offer the possibilities of both-weakly gureS(b), whengy,.= 40 meV, both ¢ and ¢ modes are
coupled and both-strongly coupled modegure5), and(B) strongly coupled to plexciton, and the emitepopulation
setting different initial states of, _cand & ( gure 6). drops directly and rapidly. Both @nd & work as capacitors;
Throughout the following studies, we wilk w,, = 1.9 eV, therefore, the emittes population is boosted efiently at an
wwzzumam%f10mwdw%smmdmmMmeew%wm%mmmNOWNMMMemmwmmwmwmm

As mentioned earlier, the results igure 3(b) serve as capacitance. Interestingly, both and ¢ display noticeable
the guideline to select the coupling raggs for the cavity Rabi oscillation during their decay processes, correspon-
modes introduced to the-@ system. So we extract the sysding to the stronger coupling with the plexciton. The similar
tem eigenvalues I(&5P*°) as a function ofy,; for both ¢ Rabi oscillation of g can also be observed for the case of
and &, as shown in gure 5(@). Recall that IE ;7P"% gyc= 20 meV as shown in gure 5(c). In this case, cis
indicates the coupling between the pe system and the marginally coupled to plexciton and functions aspaor
introduced cavity modethe closer this value gets to zeropscillator, suffering from quick disappearance of oscillation
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Figure 5. Designing cavity SHB in-ep+ c_+ cg System: the effect of cavity-coupling r@jg. (a) The eigenvalues I(&; ") for systems

with two cavity modes cand & as a function of the cavity-coupling raig. [extracted from gure3(b)]. (b)<f) The dynamics of excited-

state population for the emittghick solid line3 and the two cavity modes ¢thin solid line3 and & (thin dasheddotted line¥in various e

+p+ ¢+ Cr Systems, with the cavity-coupling ratesggf= 40, 20, 10, 5, 0 meV. Note that, the reference cagpef 10 meV is included

in all other plots as yellow dashed lines for comparison purposes. The dynamics of the excited-state population of the emitter in the e
system(gray dotted linesis also shown for benchmark purposes. In all calculatiogs, = 2eV,w, = 1.9eV, we, = 2.1 eV, gep=

100 meV, andec= 10 meV.

and approaching the critical damping in the RLC circuigature at later stage due to the reasonajdpd oscillator
analog. Oppositely, fog,c= 5 meV in gure5(e), the curve function of g.

of * S illustrates a weaker enhancement for the coherence Finally, gure5(f) shows a special system with. = O,

at an earlier stage before 200 fs. This is becaysnd & where the introduced microcavity modes have no coupling
maintain their functions as oscillator and capacitor, but theyth the plasmon yet are strongly coupled with the emitter
now become astronger oscillator and dpooret capacitor. (ge.= 10 meV is xed throughout our studipsThe emitters
Compared with the reference case gure 5(d), this case population rst decays rapidly due to the high decay rate of
makes a signicant improvement in its oscillation behaviothe plasmon; then, the decay slows down and exhibits a clear
while keeping a similar decay rate in the steady state after 40@ strong Rabi oscillation, recovering back to the results
fs. Summarizing the four cases irgures 5(b)—(€), our from optical pulse SHB on the emittd82, 63]. The over-
reference case ingure 5(d) demonstrates a remarkabléapped dynamics ofc'c indicate that ¢ and & have the
coherence enhancement at early stage due to the reasorsahe function as the optical pulse for spectrally burning two
‘good capacitor function of g and a sustained oscillationsymmetric holes on the emitter ensemble. In shortg,as
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