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1. Introduction

Certain close binary-star systems in the Galaxy will be detected via gravitational waves by LISA. If the orientation on the sky of any of these LISA
verification binaries!!! were to be inferred from its electromagnetic signal, gravitational wave predictions could be extended to include polarisation
amplitudes. We propose a novel strategy for doing this, using intensity interferometry for the Cherenkov Telescope Array.?
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2. Gravitational Waves

3. Predicting the Polarisation Amplitudes

Predicting a gravitational wave signal requires Here,we show a simulated prediction of a gravitational wave strain. The observed strains AL, and
knowledge of all parameters that characterise AL, corresponding to two polarisations, depend on the orientation of the detector arms (known)
the source and its orientation with respect to the and the orientation of the source (to be separately measured). A determination of the latter to within
detector. For LISA verification binaries, all the a few degrees yields an uncertainty of ~ 10% in the gravitational wave strain for CD-30 11223.
parameters are already known — ezxcept the ori-

entation on the sky, which cannot be determined

yet via direct imaging. The intensity interferom-

etry method provides the missing ingredient for

a prediction of the polarisation amplitudes.
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Here we consider the brightest LISA verification
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binary CD-30 11223, which consists of a hot helium ’ — Spherical sdB — Spherical sdB
star and a much fainter white dwart. Due to Spherical WD —— Realistic sdB

tidal interactions, the shape of the larger star
is distorted. According to the Roche potential,
the stellar surfaces are not spherical but follow a
tear-drop-shaped equipotential line. The actual
value of the surface potential is found through g
the requirement that the enclosed mass be equal
to the observed stellar mass. For this system we
obtain a deviation of ~ 6% from unity on the ratio
of the two semi-axes a and 6. By measuring the
elongation direction we can infer the orientation of
the orbital plane which allows for predicting the
polarisation of the gravitational waves emitted by 85N , £ 29
the binary. '
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. Intensity Interferometry

The main idea behind intensity interferometry involves temporally correlating the light signals
received by a pair of telescopes, in order to deduce geometric properties of a light source. The
measured intensities in both telescopes (1) and (I5) (averaged over a timescale, characteristic
of the setup) can be cross correlated, leading to a profile (I; - I5)(B) depending on the baseline
B between the telescopes. Assuming a chaotic and extended light source, one can relate the
time correlation of the intensity fluctuations (Al) = (I — (I)), to the Fourier magnitude of the
source distribution Y(r) in the spectral plane:
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W AN T2 o J 4 Here we see the coverage on the Fourier magnitude plane by the Cherenkov Telescope Array
\ = (CTA) South for an exposure time of 30 minutes. The Earth’s rotation helps us sample the
plane efficiently. We can compute the observation time required to get a sufficient signal to
noise ratio to measure the variations of |y12|?. With currently available photon-detectors, the
integration time needed would be several months. If larger arrays of photon detectors (SPADs or
superconducting nanowires) become available, the observing time would decrease dramatically.

On the other hand, using the Very Large Telescope in combination with CTA, the required
2000 1000 Iy Uo[m] 1000 2000 integration time becomes of the order of days.
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