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Supplementary Note 1: Transfer Matrix simulations and Electric field distribu-

tion

Figure S1a and S1b shows the transfer matrix simulation of white light dispersion of the bulk WSe2 in the etched region and

outside the etched region respectively. The dispersive reflection dip in Figure S1a matches that of the experimental dip shown

in figure 1b in the main text confirming the formation of polaritons. The two reflection dips in Figure S1b correspond to the A

and B exciton of bulk WSe2. The red dot indicates the energy at which the two systems were excited to yield the results shown

in figure 2a in the main text. Figure S1c shows the squared electric field along the growth direction (z) of the structure at the

etched region. The field inside the WSe2 is asymmetric in z.

Supplementary Note 2: SHG characterization

Figure S2a. shows the output SHG intensity as a function of the power of the fundamental incident on the self-hybridized

polariton. A slope of 1.83 is obtained after fitting a line which indicates the process being SHG. Figure S2b shows the full

linewidths at half maxima (σ) of the fundamental and SHG signals in red and violet, respectively. The SHG is narrower than

the fundamental because material dispersion of the TMDC bulk.
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Figure 1: Fig S1a and S1b shows the transfer matrix simulation of the reflection spectrum of the bulk WSe2 at the etched region

and outside it respectively . Fig S1c shows the simulated electric field in the polariton region

2



Figure 2: Fig S2a shows the output intensity as a function of input power. Fig S2b compares the spectral linewidth of the

fundamental laser and the SHG signal

Supplementary Note 3: Electric field patterns as a function of linear polarization

If eω and e2ω are the electric field polarization of the fundamental and the SHG signal respectively then we can define the electric

field of the SHG as follows

E(2ω) · e2ω = E(ω)e2ω · χ(2) : eω ⊗ eω (1)

Where E(ω) is the electric field of the fundamental in scalar form and χ(2) is the second order susceptibility. Now for TMDC

the second order dielectric tensor has the only one non-vanishing element for D3h symmetry group namely χ
(2)
TMDCC = χ

(2)
xxx =

−χ(2)
xyy = −χ(2)

yyx = −χ(2)
yxy = d. If the linear polarization of the normal incident laser makes an angle θ with the armchair axis of

the crystal then the polarization of the laser can be decomposed as eω =


cosθ

sinθ

0

 So the SHG electric field can now be calculated

as follows

[
P 2ω
x P 2ω

y

]
=

d −d 0 0 0 0 0 0 0

0 0 0 0 0 0 0 −d −d

 :



cos2θ

sin2θ
...

cosθsinθ

sinθcosθ


=

[
dcos(2θ) −dsin(2θ)

]
(2)

Therefore the electric field is given by E(2ω) = e2ω · P 2ω. Now if we put an analyzer parallel to that of the fundamental

e2ω =

cosθ
sinθ

 We obtain

E(2ω) = E(ω)d [cos(2θ)cos(θ)− sin(2θ)sin(θ)] = dcos(3θ) (3)

I = Iocos
2(3θ) (4)
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where Io = (E(ω)d)2). Which is six fold symmetric and is what is observed in an experimental scheme where the sample is

rotated while keeping the input linear polarization of the fundamental and the analyzer constant.

However if the analyzer makes an arbitrary angle β with the armchair (x) axis then e2ω =

cos(β)

sin(β)

 And

E(2ω) = d [cos(2θ)cos(β)− sin(2θ)sin(β)] = dcos(2θ + β) (5)

I = Iocos
2(2θ + β) (6)

which is four fold symmetric and it is the scheme that is used in our measurements shown in the inset of Figure 3a in the main

text where the input polarization is varied while the analyzer and the TMDC is kept constant.

Supplementary Note 4: Carrier induced excitonic non-linearity

Carrier induced excitonic non-linearity can manifests itself via one the three major mechanisms : a) Exchange interaction causing

re-normalization of single particle and exciton energies and thus shift the transition frequency, b) Phase space filling which causes

a direct reduction of excitonic oscillator strength by reducing the number of available single particle states that contribute to

the exciton formation, and c) Long range Coulomb screening caused by excess change carriers. Of these the first two are due to

the fermionic nature of the single particles states that make up the exciton and the third is independent of spin and depends

only on the charge. These carrier induced effects have been extensively studied in III-V systems [1, 2] and in TMDCs [3, 4]. In

the case of polariton formation the first two effects are manifested as shown in the cartoon of Figure S3a and S3b. The system

starts in the configuration that is shown by the blue solid lines. For exchange interaction in Figure. S3a, due to the energy

re-normalization the exciton blue shifts, which causes both the polariton branches to blue shift as shown by the orange dashed

lines. Figure S3b. shows the effect of phase space filling on exciton-polaritons. The reduction on the oscillator strength causes

the Rabi splitting energy to reduce and close the gap and effectively recover an uncoupled system shown by the orange dashed

line. This mechanism has been shown to be dominant in TMDC and other large band-gap systems [5–9]. Figure S3c shows

the experimental shift of energies of the upper and lower polariton at the angle of anti-crossing as a function of input laser

power for bulk MoSe2 self-hybridized polariton systems. As it can the seen the lower polariton blue shifts as a function of power

and this effect manifests as a reduction of the intensity of SHG as shown in Figure 3b in the main text. Note that the MoSe2

self-hybridized polariton shown here has a lower Rabi splitting compared to the system used in the main text and is excited at

an energy with high excitonic fraction which causes it to saturate at lower powers as compared to the self-hybridized polaritons

in WSe2.
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Figure 3: Fig S3a shows a schematic of the effect of different carrier induced excitonic non-linearities on the polariton dispersion.

Fig S3b shows extracted energies of the polariton branches in a MoSe2 bulk self-hybridized polariton as a function of input power

at the Rabi splitting angle.

Supplementary note 5: Calculation of Purcell enhancement due to formation of

self-hybridized polaritons

We perform FDTD simulations for Purcell enhancement due to the polariton mode on the residual bulk SHG from 140nm WSe2.

To that end we compare the SHG generated for a system of bulk WSe2 of thickness d= 140nm placed on top of a Distributed

Bragg reflector of alternating layers of TiO2/SiO2 and the same bulk WSe2 placed with an air spacer of 440 nm as shown in

figure S4a. A Gaussian beam with the characteristics of the fundamental laser and frequency ω excites the structure at normal
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incidence. Ex is the electric field in-plane and k is the wave vector of incidence. The bulk WSe2 is is assumed to have a finite

bulk χ(2) and we simulate the SH electric field magnitude at 2ω. Figure S4b shows the comparison between the SHG signal

corresponding to h=440nm of air (in red) and h=127nm of SiO2 (in purple). The enhancement due to increased density of states

in this system is approximately 16 times.

Figure 4: Fig S4a shows a schematic of the simulation configuration. h is the spacer thickness and d is the thickness of the bulk

WSe2. Fig S3b a comparative amplitude of SH electric field for spacer height h =440nm of air and h= 127nm of SiO2 in red

and purple respectively.

Supplementary note 6: Self-hybridized polaritons in various geometries

We show transfer matrix simulations of the reflection spectrum displaying the formation of self-hybridized polaritons (SHP) in

bulk WSe2 of various thickness by placing them on different substrates. Figure S5a shows the SHP in 30nm bulk WSe2 placed

on a 8 period DBR reflector with alternating TiO2/SiO2 and 250nm of PMMA as spacer thickness. Figure S5b shows formation

of SHP in the same bulk WSe2 but the DBR is replaced with a gold mirror of thickness of 100nm. Figure S5c and S5d show

SHP formed in 70nm bulk WSe2 placed on glass and silicon substrates respectively. As can be seen from the plots forming SHP

with lossless bottom mirrors facilitate in realization of narrower modes with higher field confinements. Using gold increases the

linewidth of the polariton but the presence of a dielectric spacer facilitates the flexibility in choice of the TMDC bulk thickness

by providing a precise and more tunable degree of control during fabrication. The SHP modes formed in bulk WSe2 on glass and

silicon substrates show broader resonances and are also limited in the range of thickness where the Fabry-Perot modes sustained

by these systems coincide with their excitons.
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Figure 5: Fig S5(a,b,c,d) show transfer matrix simulation of white light reflection from various configurations in which bulk

WSe2 can generate self-hybridized polaritons.
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Supplementary note 7: Comparison of power dependent intensity of self hy-

bridized polaritons and ML WS2
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Figure 6: Fig S6(a,b)) SHG intensities of self-hybridized polaritons (in blue) and ML WS2 in ornage as a function of pump power

while pumped at the same fundamental wavelength.

A comparison between SHG intensities of ML WS2 and self-hybridized polaritons are shown in figure S6a and 6b as a function

of input power of the fundamental. At powers larger than 1mW the SHG of the polariton system starts to saturate due to the

blue shift of the lower polariton branch as a result of phase space filling. This results in an apparent reduction of SHG efficiency

as a function of power along with a deviation from the typical slope of 2 as seen for the SHG from ML WS2.
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