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Materials and Methods

Sample description

Our sample is a 3A/2 GaAs cavity with three IngosGag gsAs quantum wells resulting in a
Rabi splitting of 5.1 meV, and a polariton lifetime of about 15 ps. The top/bottom
distributed Bragg reflectors forming the cavity have 21/24 pairs of GaAs/AlGaAs
alternating layers with an optical thickness of A/4, X being the wavelength of the energy
of the confined cavity mode. All our experiments are performed at zero exciton-cavity
detuning, with a continuous wave single mode laser quasi-resonant with the lower
polariton branch.

The sample has been grown by molecular beam epitaxy. During the growth of the
distributed Bragg reflectors, the slight lattice mismatch between the materials of each
layer results in an accumulated stress which relaxes in the form of structural defects.
These photonic defects form a very high potential barrier in the polariton energy
landscape.

Confocal excitation scheme

The data reported in Fig. 3 have been taken making use of the confocal excitation
scheme represented in Fig. S1. The laser is focalised in an intermediate plane where a
mask is placed in order to hide the upper part of the Gaussian spot on that plane. Then,
an image of the intermediate plane is done on the sample, producing a spot with the
shape of a half Gaussian (the profile is depicted in the inset of Fig. S1). Polaritons are
resonantly injected in the microcavity with a well defined wavevector, in the region
above the red line in the figure. In these conditions, polaritons move out of the
excitation spot with a free phase, not imposed by the pump beam. This is essential for
the observation of hydrodynamic effects involving topological excitations with phase
discontinuities.



Fig. S1. Excitation setup used for the experiments reported in Fig. 3. The intermediate
mask creates a spot on the sample with the shape of a half Gaussian (the inset shows a 'y
cross-section of the spot).

Estimation of the sound speed
The average sound speeds reported in the main manuscript have been obtained from the

measured soliton speed vs and phase jump o, with the use of Eq. 1 (cos(5/2) =v,/c,).

In Figs. 1 and 3 we have estimated the sound speed in the soliton regime (Fig. 1a, 1c
and Fig. 3c, 3f) in the region below the potential barrier, where the hydrodynamic
effects are observed. We have taken as the soliton speed v, =v,, Sina , where 2« is the

angle of aperture of the soliton pair, and vso, is obtained from the injected polariton

wavevector and the measured polariton mass via Vg, = K7ii/m,,, .

In the case of Fig. 3, the sound speed is estimated from the phase jump at half the total
propagation distance in the soliton regime (Fig. 3c, 3f). In order to obtain the sound
speed for other two excitation densities (panels a,b,d,e,g,h), we use the measured
polariton density relative to the soliton case (c,f) and the sound speed relation

C, :‘/hg |g//|2 /mpo, . Note that the sound speed is proportional to the square root of the
density |1//|2.

In order to confirm that this relationship is consistent with our results, we proceed in the
same way for the data plotted in fig. 1. In this case we take the sound speed obtained
from the phase jump along the right soliton. The sound speed decays as the fluid is
further away from the excitation area. The result is shown in black dots in Fig. S2.
Additionally, we measure the decay of the density on the edges of the soliton along the

soliton line. In Fig. S2 we plot in green triangles the magnitude c, = AJI', where 1 is

the emitted intensity (proportional to the polariton density) and A is a fitting constant.
The figure shows that the decay of the sound speed obtained from both the phase jump
and the measured density follow the same trend.



These results justify our method to obtain the sound speed in the superfluid and vortex
emission regimes (Fig. 3a,b) from the measured sound speed in the soliton regime
(Fig. 3c, obtained from the phase jump) and the relative polariton density.
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Fig. S2. Sound speed estimation for the data of Fig. 1. Black dots show the sound speed
obtained from the phase jump and Eqg. 1 along the soliton trajectory. Green triangles
show the fit from the measured square root of the emitted intensity (proportional to the
polariton density). The dashed line shows the fluid speed.

Degree of first order coherence
The degree of first order coherence, g, is defined as:

<1//T(r1,t)1//(r2,t+r)>

\/<‘gz/(r1,t)‘2><‘w(rz,t+z‘)‘2> .

In our cw experiments in stationary conditions, g® is independent of t. In order to
measure g (z=0), we direct the emitted light from the polariton condensate, which
contains all the coherence information of the wavefunction, into a modified Mach-
Zehnder interferometer. The interference image is obtained from the composition of the
real space emitted field with coordinate ri, and a reference beam issued from the
enlarging of a small area of the emission with a fixed position r, with a well defined
spatial phase. By varying the length of the reference beam arm by up to two
wavelengths around zero delay, we measure the visibility of the fringes of the
interferometric image, giving direct access to the time averaged real space degree of

coherence of the condensate wavefunction y/(rl,t) with respect to a coherent

9@ (r,,1,,t,7) =

referencey (,,t).

Gross-Piteavskii equation

Figure 2 shows simulations based on the solution of a generalized non-equilibrium
Gross-Pitaevskii equation describing the polariton condensate subject to interparticle
interactions. In the basis of the confined exciton and photon wavefunctions it has the
form:



; d t,.-:':(,-(x. t) _ f‘fpei{kn" wpt) - f“;;‘xo)Z N
dt \¥x(x,1) 0

where,

B — (wc(—iV) Qg ),

QR w’X(—iV)

where, X is a two-dimensional spatial vector, Wy is the exciton (cavity photon)

)
wavefunction, F , k and hew), are, respectively, the amplitude, momentum and energy

of the pump field. The k-dependent energy of the excitons (cavity photons) is described
by hwx(c), x(c) is the decay rate of the excitons (cavity photons), with a value of

16 ps, 2hQg is the vacuum Rabi splitting between the polariton modes (5.1 meV),
V.(x) is the photonic potential barrier, g the exciton-exciton interaction constant, taken

to be 0.01 meV um?. X, indicates the position of the centre of the Gaussian spot on the
sample, while o, is its radial width. In the simulations shown Fn fig. 2, k =0.73 um™*

and the pump energy is detuned from the lower polariton branch at that k, by 0.2 meV.
The defect is simulated as a rectangle of 5x3 um and a height of 80 meV.



Supporting Figure 3
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Fig. S3. (A) Real space emission showing oblique dark solitons at high excitation
density (85 mW), and (B) the corresponding interference pattern showing the phase slip
along the soliton trajectory (reproduced from Fig. 1A and C). (C and D) Real space
emission and corresponding interference pattern at low excitation density (10 mW). In
this case, polariton-polariton interactions are negligible and solitons are neither formed
nor sustained in the fluid. The parabolic wave patterns observed in (C) arise from the
interference between the injected polaritons and those elastically scattered by the defect.
The interference pattern (D) does not show phase jumps as those associated to solitons.



Supporting Figure 4

Relative
phase

Polariton density (arb. units)

Fig. S4. Intensity (blue line) and phase profile (red dots), along the dashed line indicated
in Fig. S3, showing a phase jump of the condensate wavefuntion of almost = across the
the soliton.



