Screening nearest-neighbor interactions in networks of exciton-polariton condensates
through spin orbit coupling
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We study the modification of the spatial coupling parameter between interacting ballistic exciton-
polariton condensates in the presence of photonic spin orbit coupling appearing from TE-TM split-
ting in planar semiconductor microcavities. We propose a strategy to make the coupling strength
between next-nearest-neighbours stronger than between nearest-neighbour, which inverts the con-
ventional idea of the spatial coupling hierarchy between sites. Our strategy relies on the dominantly
populated high-momentum components in the ballistic condensates which, in the presence of TE-TM
splitting, lead to rapid radial precession of the polariton pseudospin. As a consequence, condensate
pairs experience distance-periodic screening of their interaction strength, severely modifying their
synchronization and condensation threshold solutions.

I. INTRODUCTION

Building large-scale optically programmable systems
of interacting quantum gases permits exploration of spa-
tially extensive many-body physics such as buildup of
correlations, many-body localization, or critical phase
transitions across systems covering lattices [1], glassy net-
works [2], quasicrystalline structures [3, 4] and so on.
From a more practical viewpoint, programmable con-
densed matter systems are favorable for developing sim-
ulators and natural computing strategies in the semi-
classical regime [5-9] or the deep quantum regime [10].
For these purposes, intense research effort has been fo-
cused on advancing optical lattices for cold atom ensem-
bles [1], and—quite recently—single Rydberg atoms per
lattice site using optical tweezers [11], thermo-optically
imprinted photon condensate potentials [12], and exploit-
ing the strong repulsive exciton-exciton Coulomb inter-
action in nonresonantly driven exciton-polariton conden-
sates [13-16]. Naturally, from the hierarchical overlap
between different localized lattice-site wavefunctions, the
nearest-neighbour (NN) interactions tend to be always
stronger than those of next-nearest-neighbours (NNN)
and strategies to overcome such a basic spatial constraint
in condensed matter systems are scarce, and thus it re-
mains mostly unexplored.

Here, we propose a method in which NNN interac-
tions are made stronger than NN interactions in a system
of ballistic exciton-polariton (polariton hereafter) con-
densates with photonic spin-orbit-coupling (SOC). Po-
laritons are a mixture of both light and matter aris-
ing in the strong coupling regime between quantum well
excitons and cavity photons in semiconductor micro-
cavities [17]. Being composite bosons, they can un-
dergo a power-driven nonequilibrium phase transition
into a highly coherent many-body state referred as a
polariton condensate [18]. Polaritons possess a two-
component pseudospin structure (or just spin) along the

growth axis of the microcavity that is explicitly con-
nected to the photon circular polarization and thus mea-
surable through the polariton photoluminescence. Be-
ing a driven-dissipative nonequilibrium system, polariton
condensates can exist at energies far above the ground
state [19] and form expanding fluids of light with large
momentum. Such ballistic condensates can be generated
using tightly focused [20] or specially shaped optical exci-
tation beams [21], leading to robust synchronization be-
tween condensate pairs, recorded over 100 pm separation
distance [22] (roughly 50 times larger than the conden-
sate width).

In planar cavities the polarization of the photons is
degenerate at normal incidence k| = 0 except in the
presence of disorder or strain. However, at oblique an-
gles k|| # 0 photons experience different transmission and
reflection from the cavity which depends on their polar-
ization. This leads to splitting between the transverse
electric (TE) and transverse magnetic (TM) modes, re-
ferred as simply TE-TM splitting [23]. The effective SOC
magnetic field lies in the plane of the cavity with a dou-
ble winding in reciprocal space [see Fig. 1(a)] and the
eigenmodes of the system are linearly polarized parallel
or perpendicular to their propagation direction. Since
photons impart their polarization structure directly onto
the polaritons, various phenomena have been proposed
and observed such as the optical spin Hall effect [24, 25],
polariton topological physics [26-28], reduction to other
SOC types [29], baby skyrmions [30], and much more.

Combining the recent advancements in creating ballis-
tic polariton condensates of high radial momentum [22,
31], and the familiar photonic TE-TM splitting, we
demonstrate distance-periodic screening of spatial inter-
actions in polariton condensate networks. Our method
presents a new all-optical tool to reversibly engineer
spatial interactions in extended nonequilibrium coher-
ent quantum gases, and offers perspectives towards ex-
ploring many-body physics with unusual coupling hierar-
chies in the optical regime. As an example, the method



can be used to design non-planar graph topologies of
condensates which opens pathways toward simulation of
complex XY phases [5] (in analogy to the NP-complete
non-planar Ising model [32]) and unexplored regimes of
synchronicity in large-scale nonlinear oscillator networks.
Moreover, our method also works with the more familiar
Rashba or Dresselhaus SOC in condensed matter sys-
tems.

II. SPINOR POLARITON MODEL

The spinor polariton condensate macroscopic wave-
function ¥(r,t) = (¢4,_)T is modeled using the well
known and accepted generalized Gross-Pitaevskii equa-
tion coupled to a rate equation describing the laser-driven
exciton reservoir X(r,t) = (X, X )T [18],

i — —+ = (RXy — ) +alys

o [ AV

ot om 2
2
e (Xi + Piv(r)) ]wi + Ay (i :Figy) e,
(1
O2% - (D4 RsP) Xa 4 Pa(r). )

Here, m is the polariton mass, y~! the polariton lifetime,
G = 2g|x|? and a = g|x|* are the same spin polariton-
reservoir and polariton-polariton interaction strengths,
respectively, g is the exciton-exciton Coulomb interaction
strength, |x|? is the excitonic Hopfield fraction of the po-
lariton, R is the scattering rate of reservoir excitons into
the condensate, I' is the reservoir decay rate, W quan-
tifies additional blueshift coming from a background of
high-energy and dark excitons generated by the nonres-
onant continuous-wave pump P(r) = (P, P_)T, whose
+ components correspond to incident o* circular polar-
ized light, respectively. The parameters are based typical
GaAs microcavity properties and fitting to previous ex-
periments [22]: m = 5 x 10~°mg where my is the free
electron mass; y~! = 5.5 ps; |x|? = 0.4 since our cavity
is negatively detuned; hg = 0.5 ueV pm?; R = 3.2¢g; and
W=T=n.

The last term in Eq. (1) describes the cavity photon
TE-TM splitting [24] which lifts the spin-degeneracy of
the polariton dispersion. It can be visualized as an ef-
fective spin-orbit coupling in-plane magnetic field which
does a double angle rotation in momentum space as
shown in Fig. 1(a). The eigenmodes belonging to the co-
centric double parabola [see Fig. 1(b)] are linearly polar-
ized, whose different effective masses mrg v are given

by,
ALT_Z< S > (3)
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To keep things simple, spin relaxation between the
reservoir excitons [33, 34] is not included in the main
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Figure 1. (a) Schematic of the effective SOC magnetic field
from the TE-TM splitting on a momentum-space circle. (b)
Schematic of the polariton dispersion forming two concentric
parabolas. Circles denote the intersection of the isoenergy
plane. (c) Condensate steady state real space density for a
single pump above threshold centered at the origin showing
an expanding cloud of polaritons. (d) Condensate steady
state reciprocal-space density showing the two illuminated
isoenergy dispersion rings due to the TE-TM splitting. Here
we have set Arpr = 0.2 ps~' um?. (e) Corresponding real
space Ss component showing the radial precession of the pseu-
dospin.

analysis since it only introduces trivial depolarization
to the reservoir steady state. This immediately im-
plies that one must work sufficiently close to thresh-
old since driving the system at higher pumping powers
might lead to condensation of the opposite spin compo-
nent at the pump spots. A brief discussion on this aspect
is given in Appendix A. We have also neglected cross-
spin interactions since recent experiments have found its
strength to be only few percent of the same-spin interac-
tion strength [35].

We consider the simplest method of generating bal-
listic polariton condensates using nonresonant circularly
polarized optical excitation profile described with a su-
perposition of Gaussians forming the pump spots,

Pir)=PR Y e o2t p o~ (4

Throughout the study we will use Gaussians with 2 pm
full-width-at-half-maximum, representing tightly focused
excitation beams.

It is instructive to write out explicitly the form of the
complex polariton potential in Eq. (1) for the case of
weak nonlinearities [¢+|? ~ 0, representing the system



being below or close to the condensation threshold. The
steady state of the reservoir is then X4 ~ P, /T’ and we
can write,

Vai(r) = Pi(r) [;§+G(;+V1V>} (5)

The condensation threshold of polaritons can be iden-
tified as the point where a single frequency component
of the linearized Eq. (1) crosses from negative to posi-
tive imaginary value by ramping the power density Py >
Py ¢nr- Subsequently, a transient phase occurs where |J|
grows in time until it reaches saturation through the
reservoir X gain clamping.

Since polaritons are two-component spinors they can
be associated with a three-dimensional pseudospin which,
in terms of the emitted cavity photoluminescence, is anal-
ogous to the Stokes vector of light,
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Here, & is the Pauli operator vector. The pseudospin can
be directly measured in both the near-field and far-field
through standard polarimetry detection setup in exper-
iments. It is also good to define the fourth pseudospin
(Stokes) component which represents the total density in
the system,

So =W = [y |* + [ . (7)

We will refer to the pseudospin components in real space
and reciprocal (momentum) space through their argu-
ments, S, (r) and S, (k), respectively.

III. RESULTS

In this section we will demonstrate that the spatial in-
teractions between two ballistic condensates can be ma-
nipulated using TE-TM splitting. We start by charac-
terizing the spin properties of the single condensate. We
then work our way up and analyze the case of two inter-
acting condensates, three condensates in a chain, and a
square of four condensates.

A. Single condensate

Here, a single Gaussian pump spot is used and driven
above threshold Py > Fy¢n,. The condensate wave
function ¥ and reservoir X quickly converge to the
steady state solution presented in Fig. 1 displaying the
monotonically radially decaying envelope of the conden-
sate [36] centered at the pump spot location at the ori-
gin [Fig. 1(c)]. Since the pump is circularly polarized
the spin-up polaritons are dominantly excited at the ori-
gin which can be seen from the red central area in the

S3(r) in Fig. 1(e). As the condensate expands from the
center the TE-TM splitting causes a precession of the
pseudospin [30, 37] which alternates from spin-up (red)
to spin-down (blue) radially with a period & = 27/Ag
where Ay = |\/2mrpwe/h—\/2mrmw,/h| is the spacing
between the excited reciprocal space circles [Fig. 1(d)]
and hw. is the energy of the condensate denoted with
the yellow plane in Fig. 1(b).

B. Two condensates

The precession of the polariton condensate S3(r) com-
ponent as waves propagate away from the pump spot [see
Fig. 1(e)] leads to periodic variations in the overlap in-
tegral between neighbouring condensates depending on
their separation distance d = r,, — r,+1. The overlap
integral quantifies the amount of coupling between any
two condensates which can be written,

TS = / G — ) Vo (®o(r — ) dr,  (8)

where we have adopted a shorthand notation o € {%}.
Because V,(r) is complex, the coupling J7,, is non-
Hermitian and represents both renormalized energies and
linewidths of the polariton modes. Specifically, if the
TE-TM splitting is chosen such that d = £/2 it becomes
clear that spin-up(down) waves propagating from r,, will
be mostly converted into spin-down(up) waves at the NN
location r,, 1. The polariton spin then completes a full
revolution upon reaching the NNN at r, ;2. In this kind
of scenario, one can conjecture the following inequality,

[T nr1l S 1 nals 9)

exemplifying a system where NNN interactions are
greater or comparable to the NN interactions.

The above inequality can be tested by straightfor-
wardly calculating Eq. (8) as a function of TE-TM split-
ting and separation distance using the numerically ob-
tained wavefunction profile in Fig. 1. We consider a line
of three pumps written,

P (r) x e—\r—dﬁ|2/2w2 n e_,,z/sz . e—|r+d>‘<|2/2w2’ (10)

while P_(r) = 0. Using Eq. (5) to obtain V,(r), and
using the condensate wavefunction from Fig. 1(c) to ap-
proximate 9, (r — r;,), we can calculate the overlap inte-
gral (8). The results are shown in Fig. 2 where indeed
clear regimes of coupling strength inversion between NNs
and NNNs can be identified [dark regions in Fig. 2(c)].
At this point we would like to stress that the periodic
radial precession of the S3 pseudospin component shown
in Fig. 1(e), and the results in Fig. 2, are not exclusive
to the double winding SOC field coming from TE-TM
splitting. The results of this study can also be easily con-
structed with the high-momentum condensates using the
more familiar single winding Rashba Hr = 6.k, — ok,
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Figure 2. Amplitude from the overlap integral (8) between nearest neighbour (a) and next-nearest neighbours (b) as a function
of TE-TM splitting strength and distance d between neighbours. The panels are normalized with respect to each other. (c)

Difference between the two integrals.

or Dresselhaus H p = Ozky — oyk, SOC fields. This fact
underlines the applicability of our proposed method to
engineer interactions across other condensed matter sys-
tems [38]. However, the advantage of exciton-polariton
condensates are their high-momentum (ballistic) nature
which gives extreme propagation distances, with subse-
quent long interaction and coherence lengths [22, 31].

To verify the calculation presented in Fig. 2 we simu-
late a two-condensate system (i.e., a polariton dyad [22])
by pumping with two Gaussians separated by a distance
d. The value of d is chosen so to favor a single energy state
(i.e., stationary state or fized point solution) since it was
recently established that the polariton dyad has a large
family of both stationary and non-stationary solutions
depending on distance [22]. We have chosen a distance
of d = 15 pm which places each condensate in the half-
period of the S5(r) pattern, minimizing the overlap. This
is depicted in Fig. 3(b) where the green circles denote
the locations of the condensate pumps and only the left
condensate is being pumped above threshold. One can
observe that the position of the right condensate pump is
comfortably placed in the half-period blue region where
all polaritons flowing from the neighbor have nearly all
converted to the opposite spin component. We point out
that if the TE-TM splitting is absent then the condensate
becomes homogeneously polarized [see Fig. 3(a)].

Results when the two pump spots are pumped above
threshold are shown in Fig. 3(c)-(f) where we show the
real- and momentum space density distributions of the
steady state condensate for two different values of TE-
TM splitting [Fig. 3(c,e) and 3(d,f), respectively]. In each
case the condensate dyad converges into a state of definite
parity observed from the clear interference fringes in both
real- and momentum space.

Figures 3(d) and 3(f) are normalized with respect to
Figs. 3(c) and 3(e), respectively. As expected, the de-
creased coupling strength due to the presence of TE-TM
splitting results in a dramatically weaker condensate den-
sity. Another interesting feature is the change in parity
between the two cases. Figure 3(e) shows a bright antin-
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Figure 3. Real space S3 Stokes component for only the left
spot pumped above threshold without TE-TM splitting (a)
and with TE-TM splitting (b). Circles denote the location
of the pumps used. (c,d) Normalized total condensate steady
state density in real space and (e,f) momentum space for two
co-circularly polarized pumps driven above threshold sepa-
rated by d = 15 pm, and for the two corresponding different
values of TE-TM splitting.



ode at k, = 0 whereas Fig. 3(f) shows a dark nodal line.
Therefore, the TE-TM splitting not only weakens the
coupling but also changes the interference condition be-
tween condensates due to the altered dispersion.

Another notable feature in the condensate in the pres-
ence of TE-TM splitting is the warped real space inten-
sity So(r) in Fig. 3(d). This chiral pattern stems from
the SOC which converts propagating polariton spins into
the opposite spin component which also obtains orbital
angular momentum to conserve the total angular mo-
mentum [39]. As a result, the pumped |1, |? polaritons
form a mirror symmetric standing wave pattern between
the pump spots [22] whereas spin-down polaritons [t_|?
obtain a warped density distribution of definite chirality
(see Appendix B). Note that, technically, these are not
true standing waves but “leaky” standing waves due to
transverse losses. This chiral pattern is observed in all
results with TE-TM splitting but is not discussed further.

The weakened coupling between the two condensates
can be quantified using two different measures. First,
the total particle number is expected to drop when the
condensate coupling strength is small because of lessened
cooperativity between the condensates. This measure is
written,

N:/Sodr. (11)

Second, the degree of coherence between the condensates
in the presence of random noise will be weakened when
their coupling strength is small. The mutual coherence
measure can be calculated using the standard definition
for first order correlation function (or coherence) for vec-
torial fields [40] written here for zero time-delay (7 = 0),
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where the 2 x 2 correlation matrix is written,
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Here, we have used the shorthand notation ¢, (r —r,,) =
Yen and (.) stands for time average in simulation with
random noise added at every time step. Specifically, a
noise term is appended to the left hand side of Eq. (1)
written --- + df,(t)/dt where (df,(r,t)db, (r',t')) = 0
and (db,(r,t)do% (r',t")) = ndeed(r — r')o(t — t') are
the correlators of the complex-valued random Gaussian
noise, and 7 denotes its strength. Here, we are not con-
cerned with the exact form of the noise which, in princi-
ple, should depend on the reservoir density.

Figure 4 shows the expected drop in particle number
(blue circles) and coherence (black squares) when the TE-
TM splitting is scanned, approximately coinciding with
the minimum of nearest neighbor overlap [J7, 4| [red
solid line (scaled)] extracted from a vertical line profile
in Fig. 2(a). The small mismatch can be understood from
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Figure 4. Total particle number (blue circles) and first or-

der correlation function | g(j‘; /2,a/2(0)] (black squares) for the
simulated two condensate system as a function of TE-TM
splitting. Both quantities display a minimum approximately
matching the estimated minimum of their coupling strength
(red solid line in arbitrary units) taken from the correspond-
ing vertical line profile in Fig. 2(a).

the fact that in the two-pump simulation the condensates
have coupled together to form leaky standing waves with
slightly shifted energies and momentum from the bare
(single-pump) condensate. These results underline the
reduced ability of the two condensates to synchronize and
form a macroscopic coherent state at specific values of
TE-TM splitting.

C. Three condensates

In Fig. 5 we show the possibility to use TE-TM split-
ting to allow dominant NNN interaction in a chain of
three condensates. Just like in Fig. 3, we first present
the locations of the three pump spots (white circles) with
only the left condensate pumped above threshold, with-
out and with TE-TM splitting in Figs. 5(a) and 5(b).
Here, the middle pump spot is located in approximately
the half-period of the S3 precession whereas the right
pump spot after a full-period.

Figure 5(c) shows that in the absence of TE-TM split-
ting the interaction between NNs prevails and the low-
est threshold solution corresponds to a central spot with
dominant intensity due its reduced transverse losses and
being strongly coupled to its two NNs. In contrast, when
TE-TM splitting is tuned to make the NNN interactions
strongest the lowest threshold solution is dramatically
different as seen in Fig. 5(d). The edge condensates
strongly interact with each other and emit brightest,
while the central condensate is suppressed. This can be
interpreted as a type of spin-screening where polaritons
emitted from the edge spots convert their spins into the
opposite component and thus pass through the central
pump spot with minimal interference or scattering. It
can be imagined as a waves from the edge condensates
are "diving below” the middle condensate, almost com-
pletely ignoring it’s influence, and "resurfacing" at the
opposite edge, carrying almost unperturbed information.
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Figure 5. Real space S3 Stokes component for only the left
spot ¥; pumped above threshold without TE-TM splitting
(a) and with TE-TM splitting (b). Circles denote the lo-
cation of the pumps used. Bottom panels show the lowest
threshold steady state solutions in case of three equally o™
pumped condensate spots separated by d = 15 um without
TE-TM splitting (c) and with TE-TM splitting (d). Here the
So component is normalized in each case to more clearly show
the resulting patterns.

It is worth noting that if the central pump spot were now
excited with a o~ polarization the strong NN coupling
would be restored.

D. Square of condensates

The same effect can be used to modify the interaction
in a square of four condensates [41, 42]. Figure 6(a) shows
the condensates time-averaged real space density with-
out TE-TM splitting where each vertex has synchronized
anti-phase with its neighbor with a clear dark node in the
center of the square. In this section we have chosen to
display the time-averaged Sy due to small non-stationary
dynamics in the condensate in this chosen geometric con-
figuration [see oscillations in Fig. 6(c)]. In the presence
of noise, the first order correlation function as a function
of time-delay | gr(len(T)| shows robust coherence between
all corners of the square [see Fig. 6(c)] indicating strong
spatial coupling between all condensate pairs.

The edges of the square form NNs with separation dis-
tance d whereas the diagonals form NNNs with separa-
tion distance v/2d which allows us to choose a TE-TM
splitting that maximizes the contrast between NNs and
NNNs interaction strength similar to Fig. 5. In this case
the condensate density So(r) displays a different par-
ity structure with dominantly in-phase synchronization
and a bright antinodal spot in the square center [see
Fig. 6(b)]. As expected, with NNs interactions weak-
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Figure 6. Time-averaged total density So(r) in a square of
pump spots with edge length d = 15 pm without (a) and with
TE-TM splitting (b). Colored lines denote NNs (green) and
NNNs (blue). Here, simulations are performed with stochastic
noise present in the system. Calculated first order correlation
function \gglgn (7)| between vertex pairs showing a dramatic
change in coherence between NNs (green curve) and NNNs
(blue curve) when going from zero (c¢) to finite TE-TM split-
ting (d). The So component is normalized individually to
more clearly show the resulting patterns.

ened the first order correlation function displays stronger
coherence now between the diagonals [blue dot-dashed
curve in Fig. 6(d)].

IV. CONCLUSIONS

We have proposed and analyzed a method of making
next-nearest-neighbor interactions stronger than nearest-
neighbor interactions in networks of ballistic exciton-
polariton condensates. Photonic spin-orbit coupling,
arising from inherent splitting of the cavity TE and TM
modes, results in rapid precession of the polariton pseu-
dospin propagating in the cavity plane, modifying the
interference between neighboring condensates. The spa-
tial overlap between neighboring condensates can there-
fore be tuned by simply combining the geometry of the
condensate network with the strength of the TE-TM
splitting such that nearest-neighbors become effectively
spin-screened while next-nearest-neighbors still interact
strongly. This phenomena leads to several interesting ef-
fects such as completely new set of low-threshold conden-
sation modes [Fig. 5], lower spatial emission [Fig. 3|, and
reduced coherence between nearest-neighbors [Fig. 4 and
Fig. 6]. Furthermore, our method and findings are not



exclusive to the spin-orbit-coupling from photonic TE-
TM splitting but can also be used with the more familiar
Rashba or Dresselhaus spin-orbit-coupling [38].

Notably, our method opens the possibility to study
non-planar graph problems in networks of polariton con-
densates. The famous non-planar Ky graph, which is
used to determine graph non-planarity through Kura-
towski’s theorem, can be easily constructed in the polari-
ton system with five lasers forming a pentagram. Polari-
ton networks then offer new perspectives on simulating
XY phases [5] in complex graphs in the optical regime.
As an example, non-planarity in the well-known Ising
model renders it NP-complete [32], making it impossi-
ble to solve efficiently, which underpins the importance
of designing physical alternatives to simulate such com-
plex systems. Such a prominent alternative are Rydberg
atoms in optical tweezers with tunable neighbor inter-
actions [11, 43] that permit exploration of exotic quan-
tum phase diagrams. Polariton condensates, with our
method, can thus offer insight on hard-to-reach phases
in the semiclassical regime describing interacting driven-
dissipative nonlinear oscillators.

Our study takes a step forward in development of op-
tically programmable networks of interacting nonequilib-
rium quantum gases. It offers new perspectives on utiliz-
ing photonic spin orbit coupling to directly manipulate
the spatial degrees of freedom in polariton condensate
networks and lattices which have experienced serious ad-
vancements in the past years [5, 7, 13-16, 31, 42, 44—
48]. Our method can permit access towards unexplored
regimes of synchronicity in large-scale spinor polariton
fluids.
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Appendix A: Reservoir spin-relaxation

In this section we provide a short analysis and discus-
sion on the effects of a simple spin-relaxation mechanism
in the exciton reservoir. For simplicity, we will work in
the linear regime (i.e., below threshold |1+ ~ 0) and
therefore spatial degrees can be omitted. Equation (2) is
now written,

dXy

pr (A1)

=-TXs + FS(X:F - Xi) + Pia

where I's; describes the rate of spin conversion between
the exciton components. If we parameterize the pump as
P = (P.,P_)T = Py(cos? (6),sin? (#))T the steady state
solution can be written,

_ Py I cos? () + 'y
T I(T +2Ty) (F sin? () + Fs) ' (A2)

If the pump is 100% o polarized (6 = 0) one obtains

X, T+T,
o+ = . A3

Since the reservoir is proportional to the pump power, we
see that the inequality Py, < Py < P (T'+T5)/T's should
be satisfied, where P; is the threshold power for the
14 polaritons, in order for the ¥_ polaritons to remain
uncondensed at the pump spots.

The upper bound on the pumping power is absolute
for strongly spin polarized condensates at their pump
spots. However, the complex interplay of reservoir spin-
relaxation, shape of the pumping potential, and TE-TM
splitting might also lead to elliptically polarized conden-
sate solutions with lower threshold than P, (I'+T'y)/T's.
Nonetheless, the above short analysis serves as a good
indicator on the range of valid pump powers to produce
our study’s findings in experiment.

Appendix B: Chiral density distribution

In this section we break down the Sy(r) Stokes parame-
ter in Fig. 3(d) into its two components [¢+ (r)|? and plot
them in Fig. 7. The results show a symmetric standing
wave pattern for the pumped spin-up polaritons but a
chiral pattern for the spin-down polaritons. This chiral-
ity naturally reverses if we instead pump the spin-down
polaritons with o~ light, and cancels out if we pump both
spin components equally with linearly polarized light.

oy (pom)
Y (pm)

X (pum) X (pum)

Figure 7. Spin up (a) and spin down (b) condensate densities
from Fig. 3(d) showing the mirror symmetric standing wave
pattern in the pumped 14 polaritons and a chiral pattern
in the converted ¥_ polaritons due to SOC. Each panel is
normalized independently.
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