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1. Spin selection rules for optical transitions

A fundamental condition, necessary for the spin-
selective strong coupling reported in this work, is the
existence of spin-selection rules that determine the
optical transitions that can take place in the system.
In this section, we will discuss the nature and origin of
these selection rules, mostly based on Ref. [1]. They
originate from the dipolar nature of the light-matter
interaction which in turn arises from the spin conser-
vation in photoabsorption events. Due to the strong
spin-orbit coupling, the valence band (VB) energy is
non-degenerate in quantum wells with a Zincblende
crystalline structure. The VBs are composed of a band
with a total angular momentum Jh

z = ±3/2 usually
referred to as the “heavy-hole” (HH) band and one with
Jh
z = ±1/2, referred to as “light-hole” (LH) band. It

is the relative orientation of the spin and the orbital
angular momentum which determines the nature of the
hole band. In typical GaAs structures, the HH band is
closer to the conduction band (CB) than the LH band,
hence, in this analysis, we focus on the lowest energy
optical transitions, i.e. those between the HH band and
the CB.

The optical transition has a total angular momentum
projection corresponding to the projection of the addi-
tion of angular momentum of electron (Je

z = ±1/2) and
HH (Jh

z = ±3/2). This transition can then have projec-
tions of the total angular momentum JT

z = ±1,±2. The
angular momentum conservation implies that only those
transitions matching the photon’s angular momentum

FIG. S1. Optical selection rules for a GaAs quantum well for
transitions between the HH band and the CB.

±1 can take place, hence, only the configurations in
which the projections of electron and hole are anti-
parallel are optically allowed. Typically, for a neutral
QW system, the exciton corresponding to this projection
is called “bright” exciton, in contrast to the JT

z = ±2
case, referred to as “dark” exciton.

These selection rules determine the existence of spin
selectivity in the strong coupling. Figure S1 shows a di-
agram of the optical selection rules. It shows how the
transition from the spin up (down) VB to the spin up
(down) CB is optically forbidden, which justifies why
these transitions are not indicated in Fig. 1b-d of the
main document.

2. Hole density calibration

At a temperature of 40 mK, the hole gas is capable
of sustaining correlated states of matter at integer fill-
ing fractions. As mentioned in the main text, this result
has been previously reported [2]. This gives a very ac-
curate method for calibrating the hole density: since the
magnetic field strength and the gate voltage are known
quantities, one can infer the hole density from the op-
tical signatures of the integer filling factor states ν = 1
or ν = 2. According to quantum Hall physics, these
correlated states are established when ρh/eB ∈ Z. De-
pending on ρ, one can observe both correlated states, one
of them, or none. This limitation is imposed by the finite
hole mobility in the sample. Figure S2 shows the reflec-
tivity spectrum of the system at low numerical apertures
i.e. close to zero in-plane momentum, as a function of
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the magnetic field. After systematically collecting data
for different gate voltages, and recording the magnetic
fields at which the Rabi splitting is modified, one can ob-
tain an accurate linear model that gives the hole density
of the system as a function of the gate voltage.

The density is not perfectly uniform across the
sample; we performed this calibration in different
spots obtaining different results. For this reason, it
is important to perform a calibration procedure every
time the position of the excitation spot on the sample
changes. Figure S3 shows the deduced hole density for
each given gate voltage at a given spot of the sample.
The procedure consists in registering the magnetic field
at which the Rabi splitting is modulated for a given
gate voltage. With this information, we infer the hole
density according to the formula ρ = eBν/h. ν taking
the values 1 or 2. Notice from the figure that for some
gate voltages both integer filling fractions are displayed,
because in those cases the optical signatures of both
states are observable. This corresponds, for example, to
the case displayed in Fig. S2a. For other gate voltages,
only one of the correlated states can be detected as
shown, for example, in Fig S2b. However, for very high
or very low densities, none of the correlated states can
be observed (Fig. S2c). After recording the calculated
density for each gate voltage, we use the best-fitting
linear function as a reference for the system’s density
once the temperature is increased from 40 mK to 3.5 K.

3. Comparison of the system response at T=40mK
vs T=3.5K

In this section we discuss the fundamentally different
response of the physical system when probed at 40 mK
or at 3.5 K. This is important because the previously
reported modulation of the Rabi splitting [2–4] relies
on correlated states of matter that can only take place
at these ultra-cold temperatures, while the effect we
exploit to induce the spin-selective strong coupling does
not rely on this physics. As mentioned in the main text,
the optical features from the correlated states at integer
filling fractions are completely washed out when the
temperature is 3.5 K. A magnetic field dependence was
collected in identical conditions at 40 mK and 3.5 K for
two densities: (9.4 · 1010cm−2 and 6.88 · 1010cm−2). The
results, displayed in Fig. S4 respond to the difference
of the reflectivity spectra for σ+ and σ− polarization
collected with low numerical aperture. The subtraction
of the reflectivity spectra allows us to show both of
the spin (polarization) states in a single frame. In
contraposition with the data presented in Fig. 3 of the
main text, the in-plane momentum is constant over this
set of data (k ∼ 0).

The figure demonstrates the fundamental difference in
the sample response when changing the temperature. As
previously mentioned, upon a fixed hole density, the mag-
netic field tunes the system’s filling factor. For the data
collected at 40 mK (Fig. S4 upper panels), at specific val-
ues of the magnetic field, the Rabi splitting is strongly
modified. This stems from the interaction-driven mod-
ulation of the hole spin polarization and changes in the
available states for optical transitions as the filling fac-
tor is varied. In the lower panel of Fig. S4, we compare
the system response at the same two densities, but at a
higher temperature of 3.5 K. From the results, it is ev-
ident that the thermal noise overcomes the correlations
present in the system, washing out any trace of a modu-
lation of the system’s Rabi splitting. As pointed out in
the main text, the spin selectivity reported in this work
is robust against thermal effects, hence, it is observable
even at 3.5K.

4. Details on the theoretical formalism for data
fitting

The coupled oscillators formalism employed for the
theoretical modelization of the polaritonic system is de-
scribed by the Hamiltonian

Ĥ =
∑
k

(ωc +
k2

2m
)â†kâk + ωX(B)b̂†b̂+Ω(B)

∑
k

(b̂†âk + b̂â†k) (1)

As specified in the main text, ωc is the cavity mode’s
energy, k its momentum, m its effective mass, and ωX(B)
and Ω(B) are the energy of the electronic transition and
the Rabi splitting, respectively [1]. Once collected, we
fit the data by using ωX and Ω as fitting parameters
for each magnetic field. The data is then fitted to the
eigenfunctions of the hamiltonian 1, which are given by:

EU/L =
1

2

(
ωX + ωc +

k2

2m

)
± 1

2

√
∆2

k + 4Ω2 (2)

With ∆k = ωc + k2

2m − ωX . The cavity’s energy and
effective mass is accurately extracted from the case
Ω = 0 since in this condition, only the bare cavity
mode is visible. For the mass, we obtain the value
m = 2.4 · 10−5me, with me the free electron mass. This
value is kept constant over the fitting procedure of the
full data set and it is consistent with typical values for
these devices. The cavity energy accounts only for minor
changes due to the response of the optical properties
of the bare electromagnetic mode to the high magnetic
and electric fields. In the absence of any field, the cavity
mode at 0 in-plane momentum has energy ωC = 1530
meV, and for the full set of data (0V to 10V and -10T
to 10T), it never changes by more than 0.5 meV.

This model accurately reproduces the experimental
data as it can be observed in the Supplementary videos,
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FIG. S2. Differential reflectivity of the system at 40 mK. The displayed data corresponds to low numerical apertures (k ∼ 0).
The gate voltage sets the hole density and a sweep over the magnetic field allows us to identify the correlated states of matter
associated with integer filling fractions. Due to the finite hole mobility of the sample, the effect is not visible for every density.
In the figure, one can observe that for high densities, the modification of the absorption spectrum corresponding to ν = 1 and
ν = 2 can be observed (panel a). For medium densities, only ν = 1 shows the feature (panel b) and for low densities, none of
the correlated states is observable (panel c). The top axis indicates the magnetic fields corresponding to integer filling fractions
obtained from an interpolation of the results.

FIG. S3. Voltage to hole density calibration. From the low
momentum reflectivity spectrum, we extract the values of the
magnetic fields for which the correlated states of matter take
place for each voltage. In some cases both (ν = 1 and ν = 2)
states are observable, in some cases only one of them is, and
for very high and very low densities, none of the correlated
states are observable. The red line shows the fitting line for
the data set, which we use as a reference to obtain the hole
density at 3.5 K. The range of the horizontal axis corresponds
to the range at which we collected data.

which show the evolution of the far-field reflectivity with
an increasing magnetic field for different hole densities.
The main document also displays one fitted set of data
in Fig. 2f.
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