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Strong coupling between the electronic states of monolayer transition metal dichalcogenides (TMDC) such as
MoS2, MoSe2, WS2, or WSe2, and a single in-plane optical cavity mode gives rise to valley and spin dependent
cavity-QED effects. The Dirac Hamiltonian for this 2D gapped semiconductor with large spin-orbit coupling
facilitates pure Jaynes-Cummings type coupling with spin-valley locking – providing an additional handle for
spintronics using circularly polarized light. Besides being an on-chip light source the strong cavity-coupling
causes the TMDC monolayer to act as a spontaneous spin-oscillator. In addition, this system can be a sensi-
tive magnetic field sensor for an in-plane magnetic field. It also displays unusual persistent Rabi oscillations
between different conduction band states that are insensitive to small magnetic field variations. Our analysis for
dissipation due to finite exciton relaxation times and cavity losses suggests that these effects are observable.

PACS numbers: 31.30.J-,78.67.-n,85.60.Bt,85.75.Ss

I. INTRODUCTION

Light and matter can become strongly coupled in an optical
cavity giving rise to qualitatively new physics and resulting in
numerous applications in laser physics, optoelectronics, and
quantum information processing. The coherent coupling of
light and matter in such systems is described by cavity quan-
tum electrodynamics (QED). The advent of quantum infor-
mation processing has led to significant activity investigating
optical cavity like systems for coherent conversion of qubits
between matter or topological states to phonons, photons and
circuit oscillators [1–9]. Strongly cavity coupling allows solid
state qubits to communicate via the photons[10] or can even
allow photonic qubits to interact via the atom[11].

The atom-photon coupling should be very strong in 2D be-
cause of the small mode volume. Monolayers and bilayers
of transition metal dicalcogenides (TMDCs) are gapped 2D
Dirac materials with strong-spin(SO) orbit interactions. The
quantum hall effect is yet to be observed in these materials.
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FIG. 1: Schematic of a monolayer TMDC in a 2D photonic cavity
(a) with incident circularly polarized light(CPL) to break the valley
degeneracy and (b) with an in-plane magnetic field By , for magne-
tometry. (c) Bandstructure about K and K′ showing lifting of con-
duction band degeneracy from By . Colors indicate the band’s spin.
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Meanwhile it has been shown that they have excellent optical
properties. TMDCs couple strongly to light since they are di-
rect bandgap and their large effective masses result in a large
density of states and excitonic binding energies [12–14] . Fur-
thermore, TMDC’s large SO coupling results in spin-valley
polarized valence bands [15, 16]. The magnetic moment as-
sociated with their valley pseudo-spin gives rise to valley-
dependent circular dichroism [13, 14]. Also note that the po-
larization dependent photoluminescence for WSe2 indicates
that the optical selection rules derived from the single particle
picture are also inherited by neutral and charged excitons[12].

Access to these valley and spin degrees of freedom can al-
low for hybrid on-chip optoelectronic and spintronic devices.
Since the spin degrees of freedom for a band are coupled to
a particular valley in momentum space, TMDCs might also
be candidates for qubits with long coherence times, and there
have been suggestions for implementing single qubit gates in
TMDC quantum dots [17] and bilayers [18].

There are a number of ways in which 2D materials can
strongly couple to various cavity modes. Graphene (Gr)-
TMDC heterostructures are used for photovoltaics[19] and Gr
can couple to a photonic crystal’s evanescent mode[20]. There
have also been suggestions for coupling quantum two level
systems (TLSs) to surface plasmon modes in Gr[21]. Very
recently 2D exciton lasers[22] have been experimentally real-
ized by placing TMDCs inside microdisks[23], tunable Bragg
reflectors[24], and on photonic crystals[25]. These are often
geared towards lasers and photovoltaics and the coupling to
the electromagntic mode in the cavity is different[? ] from
what we are interested in.

We go beyond traditional optoelectronics in this paper. Un-
usual properties and device functionalities are shown to arise
from strong light-matter interactions between a gapped valley-
selectable SO-split 2D Dirac material and a single in-plane
optical cavity mode. Usually the TLS-field coupling occurs
via a dipole- or nonlinear interaction type terms in cavity-
QED. Here, canonically transforming the linear k-dependent
2D Dirac term, directly gives Rabi- or Jaynes-Cummings cou-
pling between the cavity mode and the lattice pseudo-spin.
This leads to interesting effects since the valley and spin in-
dices are coupled in TMDCs, and each valley can be ad-
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dressed by using circularly polarized light (CPL) of a given
handedness [26].

In a suitable optical cavity this could lead to spontaneous
spin oscillations for spintronics. However, CPL flips its hand-
edness upon reflection from a conventional surface – hence it
is not easy to design a cavity that will only sustain either just
left- or right-CPL. Some reflective chiral surfaces can sup-
press this cross polarization [27, 28]. The evanescent mode of
a chiral photonic crystal [29] could also be used, but then the
TLS-cavity coupling will not be too strong.

We suggest a different approach and point out an additional
advantage of a fully 2D architecture. 2D resonator cavities
are now quite common in circuit-QED [8, 9]. In the strongly
coupled system of a 2D TMDC monolayer inside a 2D cav-
ity, spontaneous vacuum Rabi oscillations occur even in the
absence of photons. Since a 2D cavity only supports linearly
polarized electromagnetic modes – Rabi oscillations occur for
both valleys with opposite spin. We propose introducing an
additional CPL beam incident on the 2D cavity-QED system
(see Fig.1-a). Sufficiently intense CPL selects valley. Since
intravalley transitions conserve spin, this leads to spin polar-
ized Rabi flopping. These spin oscillations can occur sponta-
neously with zero cavity photons. The overall degree of valley
polarization depends on the CPL’s intensity which blue-shifts
the Rabi frequency. At higher photon number coherent cavity
states, spin-polarized collapse and revival of Rabi oscillations
occur.

This cavity-pseudospin system also has other applications.
It is a highly sensitive sensor of an in-plane magnetic field.
An in-plane magnetic field shifts the vacuum Rabi frequency.
We show that this frequency shift is scale invariant, which is
a very promising finding. Whereas one usually seeks strong
cavity-TLS coupling, here the scale invariance suggests high
field sensitivity for weak cavity coupling. This can lead to
important field sensor applications.

This 2D system without any of the additional fields can
also be an on-chip coherent light source and a frequency

comb. We explicitly calculate dissipation from cavity losses
and TMDC’s exitonic lifetimes and show that these effects
will be observable.

II. THE MODEL

Consider the model Hamiltonian for a monolayer TMDC in
an in-plane magnetic field along y:
H ′o = Ho +Hb, where Ho is the following effective 4× 4

two-band k · p Hamiltonian for a given valley,

Ho = u(τ σ̃xkx + σ̃yky) +
Eg
2
σ̃z +

∆so

2
τsz(σ̃z − I) (1)

where Eg is the band gap, ∆so is the SO splitting and u is
the velocity. Here Hb = g‖µBBysy where g‖ is the in-plane
g-factor and µB is the Bhor-magneton. In this paper we work
in normalized units of g‖By , because published g‖ data is
presently sparse.

The Pauli spin matrices along j are sj , and σ̃j are the
pseudo-spin Pauli matrices in the orbital basis, {ψc, ψτv} =
{|dz2〉 ,

∣∣dx2+y2 + iτdxy
〉
}. It is implied that σ̃j = I ⊗ σj

and sj = σj ⊗ I .
First consider the case of a monolayer-TMDC in a cav-

ity with By = 0. For a reflective cavity, with the single-
mode of an electric field oscillating along x̂, one can canon-
ically transform kx → kx + Ax, where Ax is the vector po-
tential along x. The TMDC-cavity coupling Hamiltonian is
Hi = uτσ̃xAx(t) = Λτ σ̃x(a∗eiωt + ae−iωt) where Λ is
the coupling constant between the cavity’s electric field and
the TMDC bands. Second quantizing the cavity field and in-
voking the rotating wave approximation, Λτ σ̃x(a† + a) ≈
Λτ(a†σ̃−+aσ̃+), where σ± = σx±iσy , a†(a) are the photon
creation(annihilation) operators, the total system Hamiltonian
(see Fig.1-b) can be expressed as:

H = u(τ σ̃xkx + σ̃yky) +
Eg
2
σ̃z +

∆so

2
τsz(σz − I) +

ω

2
a†a+ Λτ(a†σ− + aσ+) (2)

This is now block diagonal in the dressed orbital state basis
and the overall basis also has a spinor part: {[|+〉 , |−〉] ⊗
[|ψc, n〉 , |ψτv , n+ 1〉]}. The cavity and the spin parts
(|+〉 , |−〉) are decoupled without an in-plane magnetic field.

We estimate Λ for a simple rectangular cavity of volume
V = lxlylz , where the [011]TE mode gives non-zero electric
field only along x. We choose lx = 0.25µm, lz = 0.75µm

and constrain ly = [(ω−/4πc)
2 − l−2

z ]−
1
2 = 0.446µm for

Λ− coupling in MoS2. Note that lx is allowed to be even
smaller for the [011]TE mode which results in stronger cav-
ity coupling. The coupling constants for different TMDC
monolayers are shown in table.-I for two different transitions:

Λ± ∝ u sin(κyy) sin(κzz)[εoV (Eg ± ∆so)]
− 1

2 . An etched
Bragg reflector is a possible cavity candidate. Using Lindblad
analysis, we explicitly show in this paper that a cavity qual-
ity factor Q = 105 is required. Roughly, Λ± > ω±/4Q to
observe Rabi flops. It should be noted that various high-Q
cavities in the optical regime have considerably matured over
the years[30, 31], with Q reaching 109[32].

The direct product of the photon state and the valance band
wavefunction at initial time t = 0 is Ψτ,v

±,k =
∑
Cn|ψτv ;±;n〉.

where |Cn|2 is the probability distribution number of n pho-
tons. The wavefunction at time t is obtained by time evolving
with U = exp(−iHt).
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FIG. 2: The spin selection effects of using CPL on the TMDC cavity-
QED system as per fig.1. Relative spin- or valley-polarized Rabi
oscillations shown in (a) for τ = ±1 valleys and it corresponding
Fourier spectra shown in (b) for 〈n〉 = 0. Here (c) and (d) is the
same but for 〈n〉 = 10. For both valleys, the cavity is resonant at
ω = Eg − ∆so for a coherent state. The CPL intensity 〈E〉 = Λ,
which shifts the oscillation frequencies higher.

Since the two valleys do not couple with each other one can
only consider intravalley optical effects in the present model.
For a given valley, in the absence of an external magnetic field,
the valance to conduction band(CB) population inversion in
the cavity is

Wτ
±(k) =

∑
n

|Cn|2
(
ϑ± cos(

ντ±t

2
) + ϕ± sin(

ντ±t

2
)

)
, (3)

where

ϑ± =
1 + (E±2 − L2

±)

[(1 + (E± + L±)2)(1 + (E± − L±)2)]1/2

ϕ± =
w±(E± + L±) + w∗±(E± − L±) + f±(E±2 − L2

± − 1)

[(1 + (E± + L±)2)(1 + (E± − L±)2)]1/2

E± = (Eg ± τ∆so)/2(τk′x + ik′y)

L± =
√

(Eg ± τ∆so)
2

+ 4(k′2x + k′2y )/2(τk′x + ik′y).

Here Λn = Λ
√

1 + n, k′x(y) = ukx(y), Ωτ± = Eg±τ∆so−ω,

ντ± =
√

(Ωτ±)2 + (τk′x + τΛn)2 + k′2y , f± = Ωτ±/ν
τ
± and

w± = (τΛn + τk′x − ik′y)/ντ±. The ± signs represent differ-
ent spin states. Since these transitions are also k dependent,
the overall inversion probability is obtained after integrating

over k,Wτ
± =

∫
Wτ
±(k)dk.
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FIG. 3: (a) Valley polarization and (b) peak Rabi frequency shift as
a function of CPL intensity and for different photon numbers.

Material Λ− (GHz) Λ+ (GHz)
MoS2 140 144
WS2 200 247

MoSe2 118 124
WSe2 148 165

TABLE I: Coupling strengths, Λ± corresponds to ω± = Eg ±∆so

transitions for various TMDCs.

III. DISCUSSION

A. Valley Selectable Photonic Spin Oscillator

In the absence of By , in a monolayer TMDC, only inter-
band transitions between bands of the same spin are allowed.
We assume that the single cavity mode is initially in a coher-
ent state, |Cn|2 = exp(−〈n〉) 〈n〉

n

n! where 〈n〉 is the average
photon number.

For a drive resonant with the gap, ω = Eg −∆so, the vac-
uum Rabi oscillations are shown in Fig. 2(a) along with the
corresponding Fourier spectra in Fig. 2(b). For 〈n〉 = 0 there
is spontaneous emission and Rabi flipping for the TLS. For
the opposite spin states (with gap Eg + ∆so), the maximum
Rabi oscillation amplitude ∼ 0 since ω is off-resonance with
this transition.

The valley dependent Rabi oscillations are shown in Fig.
2. These are pure spin oscillations from the cavity coupling.
A bias for a particular valley (hence spin) is created by using
CPL of a given handedness. We use an additional canonical
transformation for introducing CPL, k′x → k′x + 〈Ex〉 and
k′y → k′y ± i 〈Ey〉 where, 〈Ex〉 = 〈Ey〉 = 〈E〉 and 〈E〉 is
the time averaged field. Right-CPL favors the τ = 1 valley as
shown in Fig. 2 since it biases the Hamiltonian by adding a
〈Ex〉 τ σ̃x + i 〈Ey〉 σ̃y term.

When 〈n〉 > 0, the Rabi oscillations undergo collapse and
revival (CR) which are more rapid, more distinct, and tempo-
rally spaced further apart with increasing 〈n〉. Each term in
the summation over n represents Rabi flips weighted by Cn,
which are all correlated at t = 0. However, at longer times
the destructive interference between the weighted terms leads
to the collapses and then constructive interference leads to re-
vivals. Fig. 2(c) shows that this purely quantum mechanical
CR feature can be individually observed for each valley. This
CR happens even in the presence of CPL, but the amplitude
of the CRs are inequivalent for each valley, and they continue
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indefinitely with each revival being smaller in amplitude and
less distinct from the preceding collapse. The Fourier spectra
shows a frequency comb type behavior, where the number of
spectral peaks is ∝ 〈n〉. In the present treatment CPL blue-
shifts the central Rabi frequency peak, which is discussed in
greater detail next.

The valley(spin) polarization in this system can be charac-
terized as follows,

P =
|Wτ=1

+ |2max − |Wτ=−1
− |2max

|Wτ=1
+ |2max + |Wτ=−1

− |2max
. (4)

The degree of valley polarization depends on the CPL’s inten-
sity 〈E〉 as shown in Fig. 3(a). As 〈E〉 is increased P tends
towards 1, but it also tends to saturate. For a given 〈E〉, P is
higher for smaller 〈n〉. This is because the cavity photons are
also vibrating along x which will tend to make the incident
light more elliptically polarized as 〈n〉 is increased. Increas-
ing 〈E〉 also shifts the central Rabi frequency peak towards
higher frequencies as shown in Fig. 3(b), since CPL increases
the effective Λ (see ντ±). The slope dω/d 〈E〉 is roughly the
same for all 〈n〉 as expected.

A spin-Zeeman field along z does not affect these results, it
just adds a phase factor. In experiments it has been shown
that the valley degeneracy can lifted by the valley-Zeeman
effect[33, 34] where an external magnetic field affects the val-
ley exciton and trion dispersions.

The addition of an inplane By field however leads to level
detuning and leakages – but again it does not affect the overall
P for this system for g‖By up to 4 T. However the inclusion
of By here reveals a technological application of a 2D cavity-
QED system.

B. Application as a Magnetometer

A monolayer TMDC in an optical cavity can be used for
sensitive magnetic field sensing applications. For a 2D mate-
rial,By only affects the spin states and does not lead to the for-
mation of Landau levels. However, now the two orbital TLSs
are not deoupled anymore and the dynamics of this system is
significantly altered in the presence of By . We numerically
calculate the population transfer probabilities in the 4× 4 the
dressed state basis.
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FIG. 4: (a) Normalized peak Rabi frequency as a function of the
normalized magnetic field for different 〈n〉. (b) Corresponding peak
oscillation amplitude for the Λ+ same spin population transfer for
τ = 1. Here ω = Eg + ∆so, Λ′ = ~Λ+ and B′y = g‖µBBy .

The magnetic field modifies the zone center energies to
Eg/2 ± By and −Eg/2 ∓

√
B2
y + ∆2

so, which leads to level
detuning. This leads to an increase in the Rabi oscillation
frequency and a decrease in the oscillation amplitude. The
peak Rabi-flop frequencies are shown as a function of a nor-
malized B′y/Λ for different photon numbers for the drive
ω = Eg −∆so in Fig. 4.

At low By , ωpeak does not change much. And at higher
By , ωpeak saturates. However the results in the intermediate
regime are extremely encouraging. First, the linear scaling of
ωpeak with By , and the invariance of this linear scaling and
its slope with By/Λ implies that this device can be used as a
very sensitive magneto-meter.

This is a key result. Usually very strong cavity coupling
is desired. Here because of the invariance as a function of
By/Λ one could get to very small magnetic field sensing lim-
its. This is only possible because of the unique combination of
a gapped material with large SO interactions in a 2D geometry
– all of which are necessary. The direct gap makes the system
optically active and the 2D geometry allows By to couple to
spin without introducing unwanted Landau levels which then
subsequently couples the CB orbitals.

In theory these effects can be reproduced if one just added a
Byσy term to the Jaynes-Cummings Hamiltonian. But physi-
cally one cannot have an electric dipole coupling and a mag-
netic field coupling in the same matrix element for an orbital
two-level-system. We also argue that this would be robust
even with cavity imperfections and spin-dephasing and re-
laxation as one is not concerned with the decay of the sig-
nal, but just with the main Fourier peak. Experimentally this
amounts to spectrally decomposing the time dependent photo-
luminescence signal.

C. Persistent Inter-Valley Conduction Band Oscillations:

In the presence of By , either direct or indirect transitions
between all four states in a valley are allowed. However some
rather peculiar features stand out for the CB ψc,− ↔ ψc,+
transitions. These results were obtained by exact numerics by
unitarily time evolving the system using U = exp(−iHt),
and projecting the dressed ψc,± CB eigenstates of H ′o.

The Rabi flops for these transitions are shown in Fig. 6. At
very small but finite By , the vacuum Rabi flops reach 1. As
the magnetic field strength increases, the amplitude decreases,
but the Rabi frequency does not shift. But again if By = 0,
this Rabi flopping would vanish.

This behavior can be explained analytically. Note that in
general [H0, Hb] 6= 0, however in order to gain better intuition
one can approximate U ≈ e−iHte−iHbt, which is valid for
small By . Then the CB population inversion is〈

Ψc
−
∣∣U ∣∣Ψc

+

〉
∼ cos(Byt)(W ′+ −W ′−)

+ i sin(Byt)(C+W ′+ − C−W ′−) (5)

where C± = (
√
B2
y + ∆2

so ± τ∆so)/By and W ′± =∑
|Cn|2

(
cos(ν±t2 ) + Ω±

ν±
sin(ν±t2 )

)
. Eq. 5 approaches 1 in
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the limit of a vanishing By .
The peculiar Rabi flopping in Fig. 6-(a) can therefore be ex-

plained as follows. In the absence of a magnetic field, the CB
c± states are degenerate but are completely decoupled from
each other in the present k · p model. An infinitesimally small
By lifts this degeneracy and couples the two CB states allow-
ing Ψc

− ↔ Ψc
+ transitions. However now since the two levels

are still nearly degenerate for a small By , there is an almost
perfect overlap of the wavefunctions. As a result the Rabi
flops reach 1 for infinitesimally small Bys. Eq. 5 reproduces
this behavior in the limit of small By . As the magnetic field
strength increases, the amplitude decreases, but the Rabi fre-
quency does not shift.

We also examine the photon number dependence of this be-
havior. In Fig. 6-(a) and (b) the dependence for 〈n〉 = 0 and
〈n〉 = 10 is respectively shown. For 〈n〉 = 10, the collapse
and revival type behavior is seen for these conduction band
states as expected. Like the 〈n〉 case no notable distinction
can be drawn between for 〈n〉 = 10 g||By = 0.1T and 0.01T
cases because of the nearly degenerate CB states.

This behavior is chrecterized more carefully in fig.5 where
the maxima of the Rabi oscillations between opposite spin
conduction band states is shown as a function of the mag-
netic field and different photon numbers. The Rabi oscilla-
tion amplitudes and frequencies remain relatively unaffected
for smaller magnetic fields.

The energy gap between the spin-split conduction band
states is 2µBg||By . It should be noted that in actual TMDC
monolayers, the CB states are also non-degenerate and spin-
split, although the spin splitting is far smaller than that of the
valence band [17, 35, 36]. While this CB splitting does not
affect the other results, the CB population transfer amplitudes
would be less than what is shown in Fig. 6. Overall, this
is an important effect to take into account when considering
quantum information processing applications since the Rabi
oscillations would be insensitive to small magnetic field fluc-
tuations such as from nuclear spins.

D. Cavity Imperfections and Finite Exciton lifetimes:

Finally we consider system imperfections such as cavity
losses and finite exciton lifetimes which will lead to decoher-
ence. In TMDCs free electron hole pairs in different valleys
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FIG. 6: Maxima of the Rabi oscillations between opposite spin con-
duction band states as a function of the magnetic field and different
photon numbers. Here ω = Eg −∆so and τ = 1.

respond to CPL of different handedness. However in the case
of excitons – bound electron hole pairs. The electrons in one
valley interact with the holes in the other valley resulting in
both bright and dark excitons. These interactions result in
the excitonic dispersion having a longitudinal(L) and a trans-
verse(T) split as a function of its center of mass momentumK.
The L and T levels respond to two orthogonal linearly polar-
ized modes of light. This splitting between exciton states with
opposite angular momentum can also be explained in terms of
the berry curvature using a gapped two band Dirac model[37].
Other variants of the massive Dirac model have also been used
explain properties of excitons in TMDCs[38, 39]. However
the excitonic band structure calculations differ. Some studies
show that the exciton bands split into a lower parabolic band
and an upper parabolic and non-analytic branch[40].

In general bright and dark excitonic transitions at K = 0
and K = K are allowed. The massive Dirac model captures
many of the useful features of the K = 0 excitons which
mainly contribute to the optical properties. In this paper we
examine cavity-QED of excitons within the framework of a
simple 2 band massive Dirac model[37–39] about K = 0 and
for a 1s-level exciton gap ωx. Following the procedure to de-
rive Eq.2, we arrive at

H ′ = u~K · ~σ +
ωx
2
σz +

ω

2
a†a+ Λ(a†σ− + aσ+) (6)

Excitons have finite lifetimes which along with the cav-
ity imperfections places limitations on the number of Rabi
flops that can be observed before they decohere. The experi-
mentally measured radiative lifetime of excitons in monolayer
MoS2 is about 820 picoseconds[41] which is very similar to
other monolayer TMDCs[42]. Here we assume a relaxation
time of T1 = 800 ps and also consider the cavity imperfec-
tions via its quality factor. The various dissipative processes
will result in mixed states and hence solutions can be sought in
terms of the density operator. Here we model the decoherence
effects using the Lindblad equations

ρ̇′ = − i
~

[ρ′, H] + ΓQL (a, ρ′) + ΓeL (σ, ρ′), (7)
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where L (a, ρ) = a†aρ + ρa†a − 2aρa† and L (σ, ρ) =
σ+σ−ρ + ρσ−σ+ − 2σ−ρσ+, ΓQ = ω±/Q and Γe is the
exciton relaxation rate. The Lindbald equation can be solved
in the superoperator form:

~ρ′(t) = exp(−St)~ρ′(0) (8)

where ~ρ is a vector and for e.g. exciton relaxation, the su-
peroperator: S = −iH ⊗ I + iI ⊗ H + σ− ⊗ σ+ −
1
2 (σ+σ− ⊗ I + I ⊗ σ+σ−). We assume that at t = 0, the
TMDC’s pseudo-spin and the single cavity mode are unentan-
gled pure states, i.e. ρ(0) = ρs(0) ⊗ ρc(0), where the initial
density operators for the pseudo-spin is ρs(0) = |ψτv 〉〈ψτv |
and for the cavity field is ρc(0) =

∑
n|Cn|2|n〉〈n|. We

then solve Eq.8 and take a partial trace over the cavity field
ρ′ = Trc[ρcρs].

The density matrix can be decomposed into its constituent
Bloch vector components ρ′ = I +

∑
ηjσj where j ∈

{x, y, z}. In Fig.7-(a), the expectation values, 〈ηj〉 =
Tr(σjρ) are shown as a function of time for a perfect cav-
ity, with 〈n〉 = 0 and T1 = 800 ps. Note that 〈ηy〉 and 〈ηz〉
are π/2 out of phase as expected and are the two non-zero
values as the electric field is oscillating about x.

For a perfect cavity, numerous Rabi flops can be observed
as shown in Fig.7-(a) due to the strong cavity coupling and
long exciton life times. The greater limiting factor for cavity-
QED with monolayer TMDC would be the cavity imperfec-
tions as shown in Fig.7-(b). The exciton T1 lifetime is also
included here. For the Λ considered here, No Rabi oscilla-
tions will be seen for Q = 103 while they are significantly
long lived for Q = 105. Further improvements for Q = 106

are quite small where the exciton lifetime is now the limiting
factor.

IV. SUMMARY

In summary the photonic cavity’s strong coupling to lattice
pseudo-spin leads to various interesting effects for an inver-
sion asymmetric monolayer TMDC. This system can act as
an on-chip coherent light source. The Dirac type Hamiltonian
for a 2D gapped semiconductor with a large SO interaction

facilitates pure Jaynes-Cummings coupling for a single mode
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FIG. 7: (a) Expectation value of the Bloch vector components 〈ηy〉
and 〈ηz〉 as a function of time for a perfect cavity, Q = ∞, and
an excitonic relaxation time of T1 = 800 ps. (b) Expectation value
of 〈ηz(t)〉 for a imperfect cavities with varying Qs and an excitonic
relaxation time of T1 = 800 ps.

electric field. This gives rise to valley and spin dependent op-
tical properties which can be controlled in a 2D architecture
by using an additional CPL field. With CPL and strong cou-
pling effects spontaneous vacuum spin-oscillations can occur.
Valley selective collapse and revival of Rabi oscillations oc-
cur for higher photon number coherent states. These effects
would be easily observable for Q ∼ 105.

The presence of an external in-plane magnetic field leads to
additional interesting effects. The TMDC cavity-QED device
can be used for sensitive magnetic field sensing applications,
which is possible because of the combination of a gapped 2D
material with large SO interactions and a 2D optical cavity. As
a consequence ofBy , Rabi oscillations between nearly degen-
erate opposite-spin CB states become feasible in direct gapped
monolayer-TMDC. These oscillations are also robust against
small magnetic field fluctuations which could be useful for
quantum information applications.
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