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I. EXPERIMENTAL SETUPS

The experimental setup used in this work for steady-state PL measurements is illustrated in

Fig. S1(a). The angle-dependent detection is realized by changing the position of the fiber in the

Fourier image plane.

The transient PL spectra are measured using novel transient gating photoluminescence spec-

troscopy as illustrated in Fig. S1(b). Specifically, samples were first excited by a pump pulse

of wavelength 515 nm. Their emission was collected by a concave mirror, and was gated into a

spectrometer by a χ(3) transient grating. More technical details can be found in our recent report[1].
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Fig. S 1. Render of the measurement setup. a, setup of angle-resolved steady state photoluminescence.
The samples are illuminated by a halogen lamp through an ×100 objective; and the reflected beam is anal-
ysed at the Fourier image plane to obtain angle-resolved data. The fiber has a diameter 100 µm, enabling
an angular resolution of 1◦ in our measurements. b, setup of transient photoluminescence (TPL) measure-
ments. The refractive index of the film can be periodically and transiently modulated by the interference
of two control pulse at 1030 nm. The formed grating can be used to transiently diffract incoming light.
Varying the time delay between the PL signals and the RI grating, we can obtain the PL spectra at different
time instants. This technique allows us to highly resolve the broadband PL transient at a time resolution of
∼ 200 fs.
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II. STRUCTURES

Large-area silver (Ag) gratings on cm2 scale was fabricated on top of a Ag film (thickness

= 120 nm) by the use of Lloyd’s-mirror-interference lithography and pattern-transfer technique as

detailed in reference[2]. The surface topography of the gratings was measured by Atomic Force

Microscopy (AFM, Nanosurf NaioAFM) using a silicon cantilever with a tip of < 10 nm radius.

The Ag grating shows a period of 500 nm and a groove depth of 100 nm, as shown in Fig. S2(a).

CdSe/CdS (core/shell) quantum dots (QDs) with outer diameter ∼ 7 nm and core diameter ∼ 4 nm

was spin-coated on top of the Ag grating with a speed of 3000 rounds per minute (rpm). The

groove depth of the grating, which was shallowed by the coating of QDs, was then measured to be

∼ 20 nm, as shown in Fig. S2(b). From the AFM measurements in Fig. S2, we can thus estimate

that the coverage of QDs on the grating is on the order of ∼ 45 nm, equivalent to 6-8 layers of

closely packed QDs. As a reference, spin coating QDs at the same speed but on a quartz surface

manifests a thickness of ∼ 45 nm, as shown in Fig. S2(c). Note also that the QDs used in this

experiment are identical to those in our previous works [3, 4].

                          

   

                        

 
 
  
 
  
  
 
 

   

  

 

   

           
                

       

      

                   

           
          

 
 
  
 
  
  
 
 

  

 

  

  

  

      

 

 
 
  
 
  
  
 
 

   

  

 

   

           
                

       

  

Fig. S 2. AFM characterizations of: a, bare Ag grating, b, Ag grating coated with QDs at 3000 rpm,
and c, QDs layer deposited on quartz at 3000rpm. Bottom panels are AFM measured data at the position
marked respectively by the blue dashed lines, and the while bars indicate the scales as noted.
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III. DISPERSIONS

Shown in Fig. S3 are the angle-resolved reflection spectra of the bare plasmonic resonator and

the QD-resonator hybrid. The left half of each panel is the reflection spectra under s-polarized

illumination (electric field being perpendicular to the plane of incidence), and the right half is

the reflection spectra under p-polarized illumination (electric field being parallel with the plane of

incidence). S-polarized spectra are feature-less because no plasmon resonances are excited under

s-pol illumination.
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Fig. S 3. Angle-resolved reflection spectra under s-polarized (left half) and p-polarized (right half)
illuminations. a, dispersion of the bare resonator sample. b, dispersion of the QD-resonator hybrid sample.
Here the data are receptively normalized to their maxima . Bright, reflection maxima; dark, reflection
minima.

For p-polarized illumination, lattice plasmon resonances are excited when the wavelength of

light λ and the incident angle θ satisfy 2n·π sin θ
λ
± 2π
Λ
= kspp, where n is the reflective index of the

coated material, Λ is the period of the metallic grating, and kspp is the wave vector of surface plas-

mon. Such resonances manifest themselves as reflection minima as shown in Fig. S3, indicating

the optical energy at these frequencies are absorbed by the resonator as the result of plasmon exci-

tation. We note that the plasmon resonances in the QD-resonator hybrid are typically red-shifted

as compared to that in the bare Ag resonator. Such a frequency shift arises from the refractive

index change induced by the coated QD layer coated. With these dispersion maps, we can set the

pump beam on or off resonance with the plasmon resonance by adjusting the pumping angle.
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IV. HOT ELECTRONS IN PLASMONIC RESONATORS

A. Decay of Hot Electrons

When light resonantly interacts with the conduction-band electrons of plasmonic resonators,

a collective oscillation of electrons, namely surface plasmons, are excited. The decay of surface

plasmons typically experience three processes, which can be mathmatically presented by three

time constants resepctively [5]: (a) Relaxation from a coherent excitation to a quasi-equilibrium

electron distribution through electron–electron scattering (0-100 fs). These electrons of a quasi-

equilibrium distribution are hot electrons and can spread away because they have energy higher

than their Fermi level. (b) Cooling of hot-electrons through electron–phonon scattering (1–10 ps),

which can results in a temperature rise of local lattice. (c) Heat dissipation to the entire lattice or

the environment through phonon–phonon scattering (over 100 ps).
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Fig. S 4. Transient absorption spectra for the plasmonic resonator. a, resonantly pumping at θpump = 6◦,
and probing at θprobe = 14◦. Hot electrons signal emerges at ≈ 2.0 eV. b, θprobe = 8◦. Transient absorption
maximum is red-shift to 2.1 eV. c, off-resonant pumping θpump = 25◦, and probing at θprobe = 20◦ shows no
hot-electron signal. The pump fluence is set to 102.5 µJ cm−2.

The generation and decay dynamics of the surface plasmons in our plasmonic resonator at the

first 10 ps are confirmed by the transient absorption (TA) measurements (Fig. S4). The samples

were excited and probed at different pump (θpump) and probe (θprobe) angles, which can be flexibly

chosen to make the pump/probe frequency matches corresponding plasmon resonances. In our

experiments the wavelength of the pump laser is 515 nm, which can excite plasmon resonance of

2.41 eV with an incident angle of θpump = 6◦ (see Fig. S3a). After excitation, surface plasmons

quickly decay and form a quasi-equilibrium electron distribution within the time scale of 100 fs.

These hot electrons are detectable in principle over all directions that lie in the range of plasmon

dispersion [Fig. S3(a)]. Specifically, probing at θprobe = 14◦ [Fig. S4(a)] shows a red-shifted
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maximum compared to the TA spectra probed at θprobe = 8◦ [Fig. S4(b)], which match the plasmon

dispersion in Fig. S3(a). However, if the pump angle is far off-resonance at θpump = 25◦, as a result

of weak excitation of surface plasmons, no hot-electron signal (Fig. S4c) can be seen.

B. Multiple Hot-electron Generation

One property of hot electron worth highlighting here is that the decay of one plasmon can

generate multiple hot electrons. As depicted in Fig. S5, right after the excitation, the energy of an

excited surface plasmon can be ∼ hν higher that the Fermi level, where ν is the plasmon frequency.

Through electron-electron scattering, the plasmon transfers its energy to other electrons, elevat-

ing those electrons to a high energy level. These energetic electrons can also collide with other

electrons, losing a part of their energy and elevating more. For application purpose, electrons with

energy higher than an energy barrier ϕb are considered to be hot and useful (for example, higher

than the Schottky barrier formed in a solar cell). In most of cases, ϕb is small compared to hν,

which means the energetic electrons that are generated by electron-electron scattering can still

be consider as hot. Therefore the number of the secondary electron n can be large even just one

plasmon is excited in the plasmonic resonator.
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Fig. S 5. Multiple Hot-electron Generation. a, An input photon can generate a surface plasmon in a
plasmonic resonator. b: Left, through nonradiative decay, a surface plasmon can elevate an electron to a
new energy level of hν higher than its initial. Middle, through electron-electron scattering, the energetic
electrons can collide with other electrons, losing a part of its energy and elevating another electron. Right,
as the electron-electron scattering continues, more and more secondary hot electrons are generated.
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V. MODIFIED EMISSION VIA PLASMONIC DOPING

The dynamics of how the spontaneous emission of QDs is modified by plasmonic doping is

illustrated in Fig. S6. When pump laser is on resonance with the plasmonic mode, collective

oscillation of electrons are excited as surface plamons. At the same time, there is a possibility

that an electron-hole pair is generated in a QD (in our experiment the average number of excited

electron-hole pairs are less than one), as shown in Fig. S6(a). The excited surface plasmons

dephase within tens of femtoseconds, generating multiple hot electrons as demonstrated in Fig. S5

and in Fig. S6(b). These hot electrons are highly energetic, therefore capable of filling the QDs’

empty electron-states and quickly climb down the energy ladder. As shown in Fig. 4a (main text),

such a process happens within a sub-picosecond, being the cooling process of electron-hole pairs in

QDs. Once the holes in QDs relax to the bandedge, the spontaneous emission between 1Pe − 1S3/2

is immediately activated, as shown in Fig. 4(a) and Fig. S6(c).
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Fig. S 6. Spontaneous emission modified by plasmonic doping. a: When the pump laser is on resonance
with the plasmonic mode, surface plasmons can be excited in the metallic resonator; meanwhile an electron-
hole pair may be excited in a QD. b: Surface plasmons generate multiple hot electrons within tens of
femtoseconds. c: The doping of hot electrons and the cooling of electron-hole pairs in QDs all take place
within sub-picoseconds. Therefore the 1Pe − 1S3/2 transition reaches its maximum within sub-picoseconds,
agreeing with Fig. 4a. The decay of hot electrons results in two relaxation senarios: leaving d: one electron
(corresponding to Fig. 4b) or e: two electrons (corresponding to Fig. 4c) in the 1Se state.

Note that such a hot-electron injection from metal to QDs depends on the direct contact be-

tween the metal surface and QDs. Therefore the decay of hot electrons in QDs can be quite

inhomogeneous, depending on the specific details of the doping process: for some QDs that are

lightly doped (or undoped), the hot electrons decay away via Auger recombination, leaving only

one hole and one electrons in the bandedge to combine and thus enabling the 2.05 eV spontaneous
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emission, as shown Fig. 4b and Fig. S6(d); for QDs that are highly doped, the 1S state can be

fully occupied by two electrons with residual electrons remaining in the 1P state, thus enabling

the coexistence of the 1.99 eV spontaneous emission (the occupation of two electrons in the 1S

state can lower the energy) and the 2.15 eV 1Pe − 1S3/2 transition as measured in Fig. 4a and 4c in

the manuscript. According to this picture we can expect that when increasing pump fluence, more

electrons enter the QDs, and the spontaneous emission in 1.99 eV becomes dominant. This agrees

with our measurement in Fig. S9.
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VI. EMERGING PEAK UNDER ON-RESONANCE PUMP

Besides the 1Se − 1S3/2 band edge emission around 2.00 eV (612 nm), a high-frequency tran-

sition around 2.15 eV was observed in the transient photoluminescence (TPL) spectra of the QD-

resonator hybrid under an on-resonance pump. Such a high frequency emission clearly indicates

an occupation of electrons in the high energy levels of QDs. This emerging peak has been ascribed

to the 1Pe − 1S3/2 transition, because the1Pe − 1P3/2 transition mismatches in frequency and the

1Se → 2S3/2 transition requires an unrealistic number of holes (see main text). The occupation

on the 1Pe state after pumping is interpreted as a filling of hot electrons that are generated from

the decay of surface plasmons. Therefore we expect to see the 1Pe − 1S3/2 transition fading as we

change the pumping angle θpump from on-resonance to off-resonance. This has been confirmed in

our experiments. The TPL spectrum in Fig. S7(a) clearly shows an emission around 2.15 eV for

on-resonance pumping θpump ≈ 20◦, while the signal around 2.15 eV in Fig. S7(b) is much weaker

for for off-resonance pumping θpump = 37◦.
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Fig. S 7. Transient photoluminescence of the QD-resonator hybrid for on/off-resonance pumping. a,
on-resonant measurement with θpump ≈ 20◦. Emission at 2.15 eV can be easily identified. b, off-resonant
measurement with θpump = 37◦. Comparatively narrow emission is observed. The white horizontal dashed
line indicates the arrival of the pump pulse t = 0. The data are normalized to individual maximum from 0
(blue) to 1 (red). The pump fluence was 25.62 µJ cm−2.
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VII. ENHANCED PHOTOLUMINESCENCE VIA THE PURCELL EFFECT
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Fig. S 8. Angle-Resolved Photoluminescence. a, angle-resolved steady-state photoluminescence of the
QD-resonator hybrid for resonantly p-polarized pumping. left-half, s-polarized emission; right-half, p-
polarized emission. b, PL measured at angles θprobe from 0◦ to 21◦. Yellew area, the integrated PL intensity
of all the stated angles. c, comparison of the integrated PL intensity of the bare QD sample and the QD-
resonator hybrid. The PL emission of the QD-resonator hybrid are decomposed into s-polarized and p-
polarized components. In all steady-state measurements the frequency of the pump laser is 2.33 eV (532 nm)
and the laser beam is focused to a spot of diameter ∼80 µm2.

As stated in the main text, both the absorption enhancement at the pump frequency and the

quantum yield enhancement at the emission frequency can increase the emission magnitudes of

the QD-resonator hybrid in our steady-state PL measurements. Therefore it is important to differ-

entiate the contribution of these two enhancements. Given that the plasmon modes in the hybrid
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can only be excited under p-polarized illumination, we can quantify the two enhancements by com-

paring the p-polarized emission with the s-polarized emission and bare QD emission. Specifically,

given that the s-polarized emission of the QD-resonator hybrid has no quantum yield enhancement

at the emission frequency, comparing this with the bare QD emission allows us to acquire the bare

absorption enhancement; on the other hand, comparing the p-polarized emission (of the hybrid)

with the s-polarized one allows us to get the bare quantum yield enhancement.

Shown in Fig. S8(a) is the angle-resolved PL spectra of the QD-resonator hybrid, where the

left panel is the s-polarized QD emission, which is spectrally centred at ∼2.00 eV, showing no

dispersion feature. In contrast, the p-polarized emission [right panel of Fig. S8(a)] shows a clear

dipsersion that well agrees with the dispersion in the reflection spectra [Fig. S3(b)]. It is also

noted that the p-polarized emission typically shows much higher magnitudes than the s-polarized

emission.

To better compare the PL enhancement, we have to eliminate the dispersion-induced enhance-

ment difference. Specifically, we have integrated the PL over a wide range of emission angles

[0◦ − 21◦] that covers the whole emission band of the QDs. Fig. S8(b) shows such an integration

for the p-polarized emission. In particular, solid curves are the p-polarized PL collected at different

angles, the integration of which is presented as the yellow area.

Finally, Fig. S8(c) shows the comparison of the integrated PL intensity of the bare QD sample

(black area), the s-polarized emission (blue area) and the p-polarized emission (yellow area), in-

dicating that both the absorption and quantum yield enhancements lie in the range of 4 ∼ 6 times,

agreeing very well with the calculated Purcell factor (Fig. 2b in the main text). As stated in the

main text, the absorption enhancement factors are far from enough to generate multiple exictons

in QDs to trigger the 1Pe − 1S3/2 transition.
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VIII. TRANSIENT PHOTOLUMINESCENCE AT DIFFERENT PUMP FLUENCES

A. Excluding the Possibility of Enhanced Absorption

The generation of PL signals is a spontaneous emission process, resulting from the recombi-

nation of an electron in the conduction band and a hole in the valance band. As will be discussed

in Sec. IX, the high-energy emission at 2.15 eV can be narrowed to the recombination of elec-

trons in the 1Pe and the holes in 1S3/2, a remained question is whether or not the electrons and

holes originate from that more pump energy being absorbed due to LDOS enhancement. Tran-

sient photoluminescence measurements of the QDs-resonator hybrid at different pump fluences

help to exclude such a possibility.
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Fig. S 9. The TPL measurements at different pump fluences; a, TPL of QDs on quartz with pump
fluence 64.19 µJ cm−2 and b, TPL measurement at 64.19 (blue), 128.12 (red) and 256.21 (black) µJ cm−2

indicating no changes at all. The right-hand side illustrated the TPL spectrum from QD resonator hybrid
with pump fluence c, 25.62 e, 51.24 f, 102.48 µJ cm−2. The 2D plot at single time point in d, indicates the
peak intensity at 2.15 eV increases with pump fluence. The three respective transitions are highlighted with
dotted vertical lines. For all the surface plots, the intensity value is normalized from 0 (blue) to 1 (red).

Shown in Fig. S9(a) are the TPL spectra of the bare QD sample for pump fulences of 64.19 µJ cm−2,

which features with a single peak slightly above 2.00 eV. No broadening in the spectra can be seen

even if the pump fluence was increased to 256.21 µJ cm−2 (ten times the pump for the QD-resonator
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hybrid in Fig. 3 in the main text), as shown in Fig. S9(b).

For comparison we show the TPL spectra of the QDs-resonator hybrid for pump fulences of

25.62 µJ cm−2, 64.19 µJ cm−2, and 128.12 µJ cm−2 in Fig. S9(c-e). In all the three plots, the emis-

sion 1Pe − 1S3/2 appears and lasts for approximately 10 ps after the arrival of the pump pulse.

Note that in Sec. VII we have previously characterized the factor of absorption enhancement to

be approximately 5. The presence of the 1Pe − 1S3/2 emission in the QD-resonator hybrid under

25.62 µJ cm−2 pump together with its absence in the bare QD sample under 256.21 µJ cm−2 helps

us to exclude that the 2.15 eV emission is induced by the Purcell absorption enhancement at the

pump frequency. This leads to the investigation of the physics beyond the Purcell effect in our QD

resonator hybrid.

B. Estimating the excited electrons

The number of how many excitons are excited in individual QDs (excited carrier density Ne)

can be estimated with the equation:

Nex =
Fpump · σQD

ℏω
∗ FP (S1)

where Fpump is the pump fluence, σQD is the absorption cross section of QDs, and FP is the Purcell

enhancement for the resonant laser pump. Taking FP = 5, we have Nex = 1.1 for 25.16 µJ cm−2

pump, which means that even with the Purcell enhancement considered, the 1Pe − 1S3/2 transition

can still not be triggered.

Note that the precise measurement of σQD can be challenging. To get a more reliable estimation

of Nex we can use the data of reflection spectrum. Reflection measurement of the QD resonator

hybrid in Fig. 2c in the main text shows that 25% of the energy was absorbed by the hybrid (either

by the resonator or the QDs). If no hot electron doping is considered, the number of excited

electrons per QD under the 25.62 µJ cm−2 pump can be estimated using [6, 7]:

Nex =
Fpump · A · πr2

ℏω · T/d
(S2)

where Fpump is the pump fluence, A is the absorption coefficient, r is the radios of QDs, ℏω is the

energy of plasmon, T is the thickness of the QD layer, and d is the diameter of QDs. The AFM
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measurements of QD layer (Fig. S2c) advise a thickness of 45 nm (a stack of ∼ 7 QD layers). Even

if all the optical energy that enters the hybrid(25%) is absorbed by the QDs (no light absorbed by

the resonator), according to Eq. (S1), the number of electron per QD that each pump pulse can

excite Nex = 0.9, which is again not enough to generate the 1Pe − 1S3/2 transition.

In fact, the actual absorption of QDs is much less than 25% as most of the optical energy is

absorbed by the metallic resonator. Achermann et al[8] observed a broad PL signal from the 1Pe

level at a pump fluence of 3.4 mJ/cm2, which correspond to Ne ≈ 10. Similar results have been

found by Bonati et al[9] and Fisher et al[10], where they reported observations of broad spectral

features at a pump fluence of 10 mJ cm−2. Hence, the 2.15 eV emission at a low pump fluence of

µJ cm−2 in our experiments can not be attributed to Purcell enhancement for the pump absorption.

However, if the hot-electron generation due to metal Fermi gas is taken into account, the ex-

cited electrons per QD can be a large number. As discussed in Sec. IV(B), one key distinction

between the absorption enhancement and the plasmonic doping is the number of excited electrons.

Without plasmonic doping, only one electron can be excited by absorbing one photon (no carrier

multiplication happens in our system since ℏω < 2Eg, where Eg is the QD bandgap). However,

absorbing one plasmon can generate multiple hots electrons, some of which with energy higher

than the barrier can dope the QDs and lead to the occupation of the 1Pe level and even higher

levels. The number of hot electrons per QD can be estimated by [12]

Ne =
Fpump

2cϵ0
· |E/E0|

2 ·
1
π2

e2E2
F

ℏ

ℏω − ∆ϕTB

(ℏω)4 · S c (S3)

where Fpump =25.16 µJ cm−2 is the pump fluence, e is the electron charge, c is the speed of light,

ϵ0 is the vacuum permittivity, ω is the frequency, EF is the Ag Fermi-level, ∆ϕTB is the tunneling

barrier for electrons, |E/E0|
2 is the calculated field enhancement, and S c is the contacting surface

between the QD and the metal surface. Assuming S c = 1 nm2 and applying the field enhancement

from Fig. 2b in the main text (the maximum local Purcell factor corresponds to a field enhancement

of ∼90), we can estimate Ne = 32 for Fpump =25.16 µJ cm−2.
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C. Decomposing the transient PL spectra

While the spectra of the bare QD sample are considered as a single peak around 2.00 eV, the

spectra of the QD-resonator hybrid are fitted with Gaussian function.

χ(ω) = a +
∑
j=1

b j ·
1

√
2πσ j

exp[−(ω − ω j)2/(2σ2
j)] (S4)

where ω j and σ j represents resonant frequency and width of peak respectively. The TPL signal

of the QD-resonator hybrid at all pump fluences were then decomposed into three transitions with

energies located at 1.99 eV, 2.05 eV and 2.15 eV, as highlighted by the dashed red, green and

blue lines in Fig. S9(c-e), which correspond to the 1Se − 1S3/2 band-edge emission of exciton and

charged exciton, and the emission of 1Pe − 1S3/2, as discussed in the manuscript of the paper.
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IX. TRANSITION ASSIGNMENT

The assignment of the TPL peaks of the QD-resonator hybrid is critical in analysing the dy-

namics of excited electrons and holes. To compliment relevant discussions in the main text, here

we provide more details. The energy band diagram of CdSe/CdS (core/shell) QDs and that of Ag

metal are illustrated in Fig. S10. The transition frequency of 1Se−1S3/2, 1Pe−1P3/2 and 1Se−2S3/2

also be found in our published paper [3]. The bandgap of QDs can be calculated using

Enp = Eg +
h2

8π2r2 [
1

m∗e
+

1
m∗h

] −
1.8e2

4πϵ
(S5)

where Enp is the bandgap energy of QDs, Eg = 1.7 eV is the bandgap of bulky CdSe, h = 6.626 ×

1034 J/s is Planck constant, e = 1.6 × 10−19C is the charge of electron, ϵ = 9.57ϵ0 is the dielectric

constant of QDs, m∗e = mem0 and m∗h = mhm0 with me = 0.12 and mh = 0.8 are the effective masses

of electron and hole respectively, and m0 = 9.1 × 10−31 kg is the mass of an electron.

With the equation above we can easily assign the emission around 2.00 eV in Fig. S9 to the

bandedge transition 1Se−1S3/2. The 1Se−1S3/2 emission in the QDs resonator hybrid is broadened

as the result of the mixture of single-exciton emission (one electron in 1Se and one hole in 1S3/2)

and charged-exciton emission (two electron in 1Se and one hole in 1S3/2), where the electron-

electron interaction can give rise to a spectral shift.

Besides the two main peaks around 2.00 eV in the QDs resonator hybrid (Fig. 3a in the main

paper), there exists an emission with high energy at 2.15 eV in Fig. 3a and 3b in the main text.

Because the energy structure inside a QD is discrete, to assign the 2.15 eV emission, we just need

to involve the electronic state 1Pe and 1Se, and the hole state S3/2, 1P3/2 and 2S3/2. Therefore

there are six possible combinations. However, the possibilities of 1Se − 2S3/2, 1Pe − 1P3/2 and

1Pe−2S3/2 transition can easily be ruled out because of the mismatch in transition frequencies. The

possibility for 1Se − 1P3/2 and 1Se − 2S3/2 can be also excluded by considering the hole dynamics.

As aforementioned, photon emission from QDs naturally involving an electron and a hole. To

activate the 1Se − 1P3/2 and 1Se − 2S3/2 transition, the 1S3/2 and 1P3/2 state should be fully-filled

in advance, which means that at least 5 and 9 holes, respectively, are needed in a single QD. Such

a number is far-beyond the absorption in our case (less than one exciton per QD as calculated in

Sec. VIII. A.

With all these possibilities ruled out, the remaining 1Pe − 1S3/2 transition is responsible for the
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1P

1S

1S3/2

1P3/2

plasmon

Ag

Ef = -4.26 eV

-3.84 eV ℏν = 2.41 eV

-6.34 eV

-5.78 eV

-4.04 eV

2S3/2

Fig. S 10. Energy level diagram for the QDs coupled with Ag plasmonic resonator. The values of energy
bands for CdSe/CdS (core/shell) QDs and fermi-energy of Ag are approximated from literature[11, 12]. The
green curve indicates the excitation of plasmon in Ag resonator upon absorption of incident photons from
TPL pump with frequency 2.41 eV.

high-frequency emission of the QD resonator hybrid. Such a transition is usually forbidden, but

the injection of hot electrons makes the QDs highly charged and breaks the selection rule for the

electronic transitions. As a result, the usually forbidden 1Pe − 1S3/2 transition becomes allowed

here[8].
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X. DECAYS OF TRANSIENT PHOTOLUMINESCENCE

The QDs used in the experiment has a radiative lifetime of 15 ns [3]. The lifetime can be

reduced if the QDs are placed on top of a plasmonic resonator. Because the setup of our transient

PL measurements has a limited range in the delay line between the pump and the probe, we are

unable to measure PL signals over 1000 ps. To determine the slow-process lifetime of the QDs

on the resonator, we turned to measure the transient absorption (TA) signal of the sample. The

setup of TA measurement can be found in our recent publication [12]. Shown in Fig. S11 is the

TA signal of the bandedge emission for different pump intensity as noted. The fitted lifetimes are

3.0, 2.8 and 2.4 ns for the three pumps, respectively.

0.5 1.0 1.5 2.0 2.5 3.0

-3.2

-3.0

-2.8

-2.6

time (ns)

Δ
O

D
 (

in
 lo

g)

12.8 μJ/cm2

25.6 μJ/cm2

51.2 μJ/cm2

Dots: exp. data
Lines:  fitting

Fig. S 11. Transient absorption signal for the QDs on the top of our plasmonic resonator. Blue stars,
experimental data with pump fluence of 12.8 µJ cm−2; darkred circles, experimental data with pump fluence
of 25.6 µJ cm−2; green squares, experimental data with pump fluence of 51.2 µJ cm−2. Solid lines are the
corresponding fitted results.

With the slow-process lifetime measured from TA spectra, we can fit the decay dynamics

of the TPL of the QD-resonator hybrid using a biexponential model F(t) = A exp(−t/τfast) +

B exp(−t/τslow)+C, where τslow and τfast are the two time constants, and A, B and C are parameters

to be determined. The results for transitions with frequency 1.99, 2.05, and 2.15 eV, corresponding

to the transitions in Fig. 4 in the main text, are listed in Table S.I. For comparison the fitting of the

transient PL spectrum of bare QDs are also included. It is clear that the 1Pe − 1S3/2 transition that

is located at 2.15 eV decays much faster that the two transtions at the bandedge of the QDs. Note

also that in the fittings where the τslow can be measured by other methods, the biexponential model
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is simply reduced to a single-exponential model and we just need to determine the τfast part.

Table. S I. Decay dynamics calculated of bare QDs and QDs on plasmonic resonators. The
two decay channels included in the fitting are fast non-radiative (τfast) decay and slow (τslow)
decay. Data shown in the table corresponds to the data in Fig. 4 in main paper.

Transitions (eV) τfast (ps)∗ τslow (ps) †

Bare QDs 2.05 73 ∼1.5×104

QDs at Ag grating
1.99 285 ∼2.9×103

2.05 101 ∼2.9×103

2.15 27 128
* τnrad takes into account the effect of, for example, electron-photon interactions;
† For the bare QD sample τslow = 15 ns is taken as the lifetime measurements of of the CdSe/CdS QDs

[3]; for the QD-resonator hybrid, τslow at 2.05 and 1.99 eV are taken as the slow-process time in Fig.
S11, and τslow at 2.15 eV is a obtained from fitting.
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