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Interferometric measurements of an optically trapped exciton-polariton condensate reveal a regime
where the condensate pseudo-spin precesses persistently within the driving optical pulse. For a single
20 µs optical pulse the condensate pseudo-spin undergoes over 105 full precessions with striking
frequency stability. The emergence of the precession is traced to polariton non-linear interactions,
that give rise to a self-induced out-of-plane magnetic field, which in turn drives the system spin
dynamics. The Larmor precession frequency and trajectory is directly influenced by the condensate
density, enabling the control of this effect with optical means. Our results accentuate the system’s
potential for the realization of magnetometry devices and can lead to the emergence of spin-squeezed
polariton condensates.

Exciton-polaritons (here-forth polaritons) are two-
component bosonic quasi-particles that can condense into
a macroscopically occupied state [1, 2]. The system
spinor order parameter is related to a pseudo-spin [3],
which along with strong interparticle interactions, has
enabled the observation of spin switching and hysteresis
under quasi-resonant excitation [4, 5]. From the perspec-
tive of manipulating a coherent many-body state, non-
resonant injection of polaritons results in some compli-
cations due to the order parameter depolarizing and de-
phasing due to interactions of the condensate with the
background reservoir of non-condensed particles [6, 7].
However, the development of nonresonant techniques to
spatially separate the reservoir and condensate [8–12]
has enabled better harnessing of the condensate coher-
ence properties and spin-degree of freedom. Today, opti-
cal trapping has revealed intriguing phenomena like spin
switching, bistabilitiy, inversion and bifurcations [13–18]
all under non-resonant excitation. This allowed for the
proposition of polariton condensates for a number of
novel spinoptronic devices, such as optoelectronic spin
switches and spin valves [19, 20].

The condensate spin dynamics are strongly influenced
by the anisotropic polariton interactions [21] and have
revealed the existence of spin quantum beats [22], as well
as a dynamic spin precession [23], which result in a self
induced out of plane magnetic field [3, 24–26]. Under
sub-picosecond pulsed excitation, the out-of-equilibrium
nature of the system leads to a transient modification of
the system non-linearity (≈ 5 ps polariton lifetime) with
the precession quickly dampened. When the system is
continuously driven with a resonant field, the condensate
pseudo-spin is fixed by the polarization of the excitation
and is not allowed to evolve in time [4]. However, un-
der continuous wave non-resonant optical pumping where
the condensate losses are continuously balanced by an
external optical pump, these precession dynamics are ex-

pected to survive much longer but have, so far, not been
directly observed in the pseudo-spin dynamics. The-
oretical investigations [3, 24, 25, 27] as well as recent
spin noise experiments [28] and second-order-correlation
measurements [17] show that a precession of the conden-
sate pseudo-spin can indeed take place, which would fur-
ther underline the potential applicability of the system in
fields ranging from magnetometry to coherent control on
the Bloch sphere, in close analogy to atomic systems [29].

In this letter, we report the observation of a periodic
partial collapse and revival of interferometric visibility
in a spinor polariton condensate in the dynamic equilib-
rium regime. The origin of these revivals is traced to the
self-induced Larmor precession of the macroscopic con-
densate pseudo-spin [30]. This is further evidenced by
tuning the condensate density, which controls the spin
precession rate, and through numerical simulations. We
observe that the precession persists with prodigious sta-
bility throughout the excitation pulse duration of 20µs,
implying more than 105 cycles in every experimental re-
alization with a coherence time of ∼ 1 ns. As the con-
densate coherence time is considerably longer than the
spin precession period Tr ∼ 150 ps, the system can de-
facto be described as a spin coherent state that has been
suggested as a basis for polariton condensates in quan-
tum information applications [31–33]. Despite the non-
Hermitian nature of the polariton Hamiltonian, the exis-
tence of parity-time (PT) symmetry in this regime is not
precluded, as has already been demonstrated in other
non-Hermitian photonic systems [34, 35].

Using a non-resonant circularly polarized optical ex-
citation scheme, we induce an optical trap on our mi-
crocavity sample [36] and perform time-delayed interfer-
ometric measurements [37]. The circular polarization of
the pump induces a spin imbalance in the reservoir re-
sulting in a dominantly co-polarized condensate above
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FIG. 1. (a) Condensate |⟨Ψ†(r, t)Ψ(−r, t + τ)⟩| reconstructed through Fourier analysis for varying τ . (b) Condensate spatial
phase difference ∆Φ(r, τ) for τ = 0 showing a uniform phase across the whole condensate. White line indicates the condensate
FWHM. (c) First order coherence function |g(1)(x, τ)| versus τ and x for a central slice of the condensate. White dots are
the averaged |g(1)(τ)| around the peak (X0) of the condensate plotted versus the right axis and error bars are the standard
deviation.

threshold [7, 13]. Through Fourier analysis [37] of the in-
terference fringes we then extract the spatial phase map
that corresponds to the phase difference from opposite
sides of the condensate ∆Φ(r, τ) = Φ(r, t) − Φ(−r, t+ τ)
and first order coherence function,

g(1)(r1, r2, τ) = ⟨Ψ†(r1, t)Ψ(r2, t+ τ)⟩√
⟨|Ψ(r1, t)|2⟩⟨|Ψ(r2, t+ τ)|2⟩

, (1)

where Ψ = (ψ+, ψ−)T is the condensate spinor and
⟨.⟩ = 1

T

∫ T

0 dt denotes time averaging over the camera
integration time within a single realization of the con-
densate, shown in Fig. 1.

Being a two-component spinor, it is convenient to de-
fine a macroscopic condensate pseudo-spin [3],

S = 1
2Ψ†σΨ, (2)

where σ = (σ̂x, σ̂y, σ̂z) is the Pauli matrix vector. The
components of the pseudo-spin S = (Sx, Sy, Sz)T, which
correspond explicitly to the Stokes components of the
emitted cavity light, are written Sx = Re(ψ∗

−ψ+), Sy =
−Im(ψ∗

−ψ+), and Sz = (|ψ+|2 − |ψ−|2)/2. The total
pseudo-spin is S0 =

√
S2

x + S2
y + S2

z = (|ψ+|2 + |ψ−|2)/2.
The degree of circular polarization (DCP) then corre-
sponds to ⟨Sz⟩/⟨S0⟩.

Scanning the time delay τ we observe regular peri-
odic oscillations of the amplitude of the condensate self-
correlator (|⟨Ψ†(r, t)Ψ(−r, t+ τ)⟩|), Fig. 1(a), with a pe-
riodicity of ≈ 110 ps. The phase map of the conden-
sate shows a flat distribution within the full width half
maximum (FWHM) region of the condensate for all time
delays (see Supplementary Video), while the extracted
first order coherence function also displays similar oscil-
lations shown in Fig. 1(b,c). Notably, the amplitude of

the revivals is almost half the coherence amplitude, in-
dicating that the observed dynamic beating is between
non-orthogonal states. The extended nanosecond coher-
ence times of our system in this regime [6], enables us
to observe up to 8 beatings over the delay range avail-
able in our configuration. The fact that we are able to
observe subnanosecond coherence oscillations over such
long excitation pulse duration (20µs) evidences the con-
densate’s frequency stability and robustness. Indeed the
only available effect that can compromise the stability of
the system are optical heating effects, which will slowly
but steadily change the condensate energy level and po-
lariton interaction strength. We point out that spin hys-
teresis effects, in the same configuration, governed by
the same underlying mechanisms and limitations, have
demonstrated their perseverance even up to 100’s of mil-
liseconds [15].

Performing the same experiment, but for a condensate
density just above threshold (P = 1.14Pth), we observe
the absence of coherence revivals Fig. 2(a). As this indi-
cates that the condensate density is a decisive factor in
the emergence of the effect, we gradually increase it, thus
raising the total interactions in the system. We subse-
quently observe the emergence of the periodic oscillations
of the first order coherence function that, with increas-
ing condensate particle number, become faster and more
pronounced Fig. 2(b-d). To extract the relevant parame-
ters of these oscillations, we approximate the first order
coherence as |g(1)(τ)| = g

(1)
env(τ)(1 − A sin2 (ωτ)), where

ω and A are fitting parameters and g
(1)
env(τ) represents

the analytic coherence function that takes into account
particle number fluctuations and the inter-particle inter-
action strength, described in [6, 38]. We note that in
order to measure the condensate phase-coherence time
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FIG. 2. |g(1)(τ)| for increasing condensate density, P =
1.14Pth (a), P = 1.62Pth (b), P = 2.2Pth (c), P = 3Pth

(d). Red circles correspond to |g(1)(τ)| averaged within the
condensate FWHM region, continuous blue line is the fit and
shaded area the 95% prediction band of the fitting param-
eters. Dashed black lines in (b) and (d) are the simulation
results described in the text. Inset in (a) shows the extracted
coherence time tcoh for increasing density.

g
(1)
env(τ) one needs to also account for the vectorial nature

of the light field and employ a full coherence tomography
approach [39, 40]. In order to limit the number of free pa-
rameters, we approximate g(1)

env(τ) with a Gaussian func-
tion that incorporates all decoherence effects into a single
parameter tcoh describing the condensate coherence time
[inset in Fig. 2(a)] [38] and fit the experimental |g(1)(τ)|
in Fig. 2(a-d). We note that the observed revivals are well
approximated with this single beat frequency ω even for
relatively low oscillation amplitude. This points to the
presence of a coherent dual mode (two color) condensate.

We do not observe any spatial reshaping effects in
|⟨Ψ†(r, t)Ψ(−r, t + τ)⟩| that would be indicative of mix-
ing of the ground state with higher order modes of the
optical trap [41, 42]. Nevertheless, we perform a spec-
troscopic study of the condensate energy and linewidth.
In Fig. 3(a,b) we show that even far above threshold, the
potential contains a single energy mode with a resolution
limited linewidth. To further verify that the observed
coherence revivals originate from the precession of the
condensate pseudo-spin, we record the evolution of the
time-averaged DCP and degree of polarization (DOP)
of our system. Just above threshold we observe a high
DCP Fig. 3(c), which gradually declines after 1.5Pth.

The condensate DOP also starts to degrade for the
same excitation power, indicating that the pseudo-spin of
the condensate ⟨S⟩ [see Eq. (2)] is not tilting towards an
attractor in the equatorial plane of the Poincaré (Bloch)
sphere (which would explain the drop in DCP but not
DOP). This effective depolarization of the system, per-
fectly coincides with the emergence of the revivals of
coherence. The extracted period and amplitude of the
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FIG. 3. (a) Condensate energy vs excitation power in units
of threshold power (Pth), in a logarithmic colorscale. The
spectrum for each excitation power is extracted from energy
dispersion imaging at zero in-plane momentum and have been
intensity normalized for clarity. Condensate energy is mea-
sured relative to the zero momentum free polariton state. (b)
Corresponding extracted linewidth (red dots) also taking into
account resolution correction (blue dots), blue shaded region
represents the error of the fit. (c) DOP and DCP of the con-
densate vs excitation power. (d) Oscillation amplitude (black
dots, left axis) and period (red diamonds, right red axis) ex-
tracted from the fit of |g(1)(τ)| and corresponding parameters
from simulation (filled and open symbols respectively).

|g(1)(τ)| oscillations are displayed in Fig. 3(d) for varying
condensate density. The coherence oscillation amplitude
sharply increases past the critical value of 1.5Pth, and
then grows sublinearly due to the self-induced (nonlin-
ear) nature of the effective out-of-plane magnetic field.

We can understand the dynamics of the self-induced
Larmor precession by modelling the spinor polariton con-
densate order parameter through a set of generalized
Gross-Pitaevskii equations coupled to spin-polarized rate
equations describing excitonic reservoirs Xσ feeding the
two spin components of the condensate,

iψ̇σ = ησ(t) + 1
2

[
α|ψσ|2 + i (RXσ − Γ)

]
ψσ, (3a)

Ẋσ = −
(
ΓR +R|ψσ|2

)
Xσ + Γs(X−σ −Xσ) + Pσ.

(3b)

Here, ησ(t) is Gaussian stochastic noise defined by the
correlators ⟨dησ(t)dησ′(t′)⟩ = (Γ + RXσ)δσσ′δ(t − t′)/2
and ⟨dησ(t)dη∗

σ′(t′)⟩ = 0. Here, α denotes the same spin
polariton-polariton interaction strength, R is the rate of
stimulated scattering of polaritons into the condensate,
and Γ is the polariton decay rate, ΓR and Γs describe the
decay rate and spin relaxation of reservoir excitons [43].
For simplicity, we neglect the polariton-reservoir inter-
actions due to the small overlap between the trapped
condensate and the pumped reservoir [37]. Such interac-
tions would induce an additional static effective Zeeman



4

splitting in the condensate under an elliptically polar-
ized pump and a weak focusing nonlinearity which did
not produce any qualitatively changes to the results in
the absence of in-plane anisotropy [7].

The active reservoir Xσ, which feeds the condensate, is
driven by a background of inactive excitons Pσ which do
not satisfy energy-momentum conservation rules to scat-
ter into the condensate. Since these inactive excitons also
experience spin relaxation Γs the polarization of Pσ will
not coincide with that of the incident optical excitation.
For the rate equation describing the inactive reservoir
dynamics [37] one can derive the following steady state
expression,(

P+
P−

)
= L

W + 2Γs

(
W cos2 (θ) + Γs

W sin2 (θ) + Γs

)
(4)

where L is the power of the optical excitation, θ is the
quarter wave plate angle of the experiment determining
the polarization of the incident light, and W is a phe-
nomenological spin-conserving redistribution rate of in-
active excitons into active excitons.

The precession of the pseudo-spin S naturally ap-
pears due to the parity symmetry breaking driving term
P+ ̸= P− (i.e., elliptical pumping) which creates a spin
imbalanced reservoir and condensate, which results in an
effective Zeeman splitting of strength Ωz = αSz. It is
clear that if the pseudo-spin is initially tilted with re-
spect to the ẑ axis of the sample (direction out of the
cavity plane) it will start precessing around Ω = Ωz ẑ
due to the action of the magnetic field Ṡ = Ω × S. Re-
sults from simulation are shown in Fig. 2(b,d) showing
good agreement with the experiment.

The unique feature of the polariton condensate is its
driven-dissipative nature which, in hand with the non-
linearity α, drives the pseudo-spin always into the same
orbital trajectory on the Bloch sphere for different ini-
tial conditions and fixed parameters [see Fig. 4(a)]. In
other words, there exists a stable limit cycle solution [44]
whose magnitude, polar angle, and period is determined
by the parameters of the experiment, such as excitation
strength and polarization θ. This is why the same oscil-
lations can be observed in the g(1)(τ) between different
experimental realizations of the condensate (i.e., the pre-
cession is strongly reproducible). In Fig. 3(d) we plot the
precession period and amplitude from simulation for cir-
cularly polarized pumping, showing a qualitative match
with experiment.

We plot the simulated trajectory of the condensate
pseudo-spin on a Bloch sphere, Fig. 4(a), as well as indi-
vidual components, in Fig. 4(b). As the condensate den-
sity builds-up under elliptical pumping, the pseudo-spin
quickly converges (within ≈ 40/Γ) to a fixed periodic
orbit on the Bloch sphere. The pseudo-spin long time
trajectory is not found to depend on the initial condition
[Fig. 4(a) solid-green and dashed-magenta lines], imply-
ing its limit cycle character. Physically, it means that the

(b)(a)

Sz

Sy

P/Pth

Sx time [ns]
(c) (d) (e)

FIG. 4. (a) Simulated pseudo-spin trajectories on the Bloch
sphere for different initial starting points (green and magenta
dashed lines) and (b) corresponding pseudo-spin components.
Precession frequency (with contour lines) (c), normalized ⟨Sz⟩
stokes component (d) and total density ⟨S0⟩ (e) for varying
power and excitation polarization from simulation. S3,P =
cos (2θ) is the circular polarization of the excitation.

long-time trajectory is not affected by the spontaneous
symmetry breaking during condensation, but each real-
ization can have a different starting point on said trajec-
tory. This suggests that the precession cannot be resolved
through time synchronized experiments, integrating over
different realizations, as every time the oscillation can
have an arbitrary starting point (see Fig. 4(b) where solid
and dashed lines depict the different realizations).

Simulations also reveal that the pseudo-spin trajectory
will either converge to a fixed point attractor on the
Bloch sphere with no oscillations (over-damped), reach
a stable limit cycle (stable precession), or will undergo
a damped precession eventually converging to a fixed
point attractor (under-damped) [37]. Such regimes can
be differentiated by detection of the condensate DOP [7].
In Fig. 4(c) we show the difference in frequency ∆ =
ω+ − ω− between the strongest spectral peaks belong-
ing to ψ± from simulation. In Fig. 4(d) and 4(e) we
show the corresponding time averaged pseudo-spin com-
ponents ⟨Sz⟩/⟨S0⟩ and ⟨S0⟩ respectively, where the av-
eraging is done over a 50 ns time window. Notice the
cutoff of the white area in Fig. 4(c) corresponds to the
edge of the yellow area in Fig. 4(d) where the pseudo-
spin becomes pinned along the z-direction (fixed point
solution). The speckled region at low power in Fig. 4(d)
is due to the condensate being below threshold resulting
in a noisy pseudo-spin.

Assuming that each spin component is given by one
spectral component, the limit cycle state corresponds to
∆ ̸= 0 and ⟨Sx,y⟩ = 0. This can be expressed analytically
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by considering the ansatz,

Ψ =
(
ψ+e

−iω+t

ψ−e
−iω−t

)
, (5)

where ωσ ∈ R (quasi-equilibrium condition), ψ̇σ =
0, and Ẋσ = 0. This is a limit cycle solution to
Eq. (3) and can be expressed in terms of parameters
of the model, ωσ = α|ψσ|2/2, Xσ = Γ/R, |ψσ|2 =
Pσ/Γ − ΓR/R. It corresponds to a balance between
gain and dissipation on a specific latitude line on
the Bloch sphere of an angle Θ = sin−1 (Sz/S0) =
sin−1 {cos (2θ)/[(1 + 2Γs/W )(1 − 2ΓΓR/RL)]}. A con-
tinuous real spectrum of ωσ therefore belongs to these
degenerate latitude lines in our driven-dissipative con-
densate, which can be tuned through the excitation cir-
cular polarization and power. The oscillation ampli-
tude corresponding to Fig. 3(d) can be shown to be
1 − sin(Θ), and the oscillation period is Tr = 2π/∆ =
4πΓ(W + 2Γs)/[αLW cos (2θ)] which agrees with exper-
iment [Fig. 3(d)].

In conclusion, we have observed the partial col-
lapse and revival of interferometric visibility in a spinor
exciton-polariton condensate. The amplitude and period
of these revivals are tunable through nonresonant pump
induced spin population imbalance in the condensate.
The origin of this effect is tracked to the self-induced
Larmor precession of the condensate macroscopic pseudo-
spin. Time integrated measurements evidence remark-
able stability of the pseudo-spin precession throughout
the excitation pulse duration (20µs) with 8 subnanosec-
ond periods resolvable within the condensate coherence
time (∼ 1 ns), despite the small (5 ps) polariton lifetime.
It would be interesting to use our experimental method
to study temporal-mixing of quasi-degenerate (with same
principal quantum number n) trapped states that have
been proposed, but not experimentally observed, as a
pathway towards simulating a flux qubit with polariton
condensates [45, 46]. Recently, persistent temporal co-
herence beatings were reported in optically trapped po-
lariton condensates due to bi-modal condensation in dif-
ferent trap modes [41, 42] with a period defined by the
trap geometry and excitation power.

Our observations, reveal that driven exciton-polariton
condensates in quasi-equilibrium can display persistent
self-oscillations on the pseudo-spin Poincaré (Bloch)
sphere for the duration of the quasi-CW optical exci-
tation pulse, in-spite of short polariton lifetimes. This
opens new interesting applications for polariton conden-
sates such as optical magnetometry [29], which can be
achieved using semimagnetic microcavities with strong
exciton g-factor [47], or by utilizing electrical tuning of
the exciton mode and polariton non-linearity [48, 49].
Moreover, it brings to the forefront intriguing possi-
bilities, such as the creation of spin-squeezed states
like in atomic condensates [50], and engineering of PT-
symmetric states [51, 52].

The datasets presented in this paper are openly avail-
able from the University of Southampton repository [53].
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