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Motivation

® Recent noteworthy achievements
® Detection of infra-red flares - hot spots [2]
® BH mimickers
® relativistic perfect fluid star (Schwarzschild interior +
Schwarzschild exterior)
® relativistic perfect fluid star with a thin shell [3, 5]
e Astrometric data (GYOTO) - integrated flux, magnitudes,
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Figure: Hot spot tracks of classic BHs (left) and horizonless objects (right) [4].
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Theory of fluid stars - the metric

® | ine element
ds® = gudt® + g, dr* + r*dQ?

® Relativistic perfect fluid star with a thin shell -
interior and exterior Schwarzschild metric
separated by a thin shell at R,
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e Components of the combined piecewise metric
git = O(Ry — 1)gui + O(r — Ry)gue R — star radius
Grr = O(Rs — 1) gpri + O(r — Ry)grre Ry — shell radius
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Theory of fluid stars - LR analysis
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Figure. Effective potential for photons for cases R = Rs.
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What if R # R,?

Rs = 2.25M
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Figure: Effective potential for photons for R # Rs = 2.25M.

® Increased stability, joined metric is no longer smooth
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Simulations

® GYOTO ray-tracing software

Model R/M | Rs/M | LR | singularity | EH
Schwarzschild BH 0 0 v v v
M1 2.25 2.25 v v X

M2 2.5 2.5 v X X

M3 3 3 v X X

M4 5 5 X X X

® Hot spot orbital radius d € {8M,10M, 12M }, inclination angle
i € {20°,50°,80°}
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Geodesics for observed models

M2

Figure: The geodesics of photons for models M1-M4 for 4 = 0.01°. The trajectories correspond
to primary, secondary or LR photons.
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Hot spot evolution
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Figure: Evolution of the hot spot intensity (top) and integrated images of the models M1-M4
(bottom).
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Magnitudes
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Figure: Temporal magnitudes of the hot spot for models M1-M4 for inclination angles
i € {20°,50°,80°} and for orbital radii d € {8M,10M,12M }.
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Centroids
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Figure: Centroid trajectories during the orbital period for models M1-M4 for angles
1 € {20°,50°,80°} and orbital radii d € {8M,10M,12M }.
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Ongoing work: polarizational imprints

Figure: Stokes parameters I, Q,U for the Schwarzschild BH, models M1-M3, d = 8M, i = 20°
(left) and ¢ = 80° (right) for a vertical magnetic configuration.
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Results and conclusions

® The fluid star model M1 is indistinguishable from a BH (so far).

® The models M2-M3 feature a stable LR, which produces novel
visual signatures, and resemble a horizonless ultracompact
object.

® The fluid star model M3 represents a non-ultra compact
object.

® Fluid star models are valid candidates for BH mimickers.

® Fluid star models feature novel properties distinguishing them
from BHs.

® Polarizational observables
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