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Abstract
We carried out a deep high-contrast direct imaging search for giant planets around seven single white dwarfs in the nearby (distance ≈45 pc) Hyades open cluster (age ≈625
Myr) using the Hubble Space Telescope and its NICMOS instrument. No planets were found. Compared to a previous search with SPITZER/IRAC using infrared excess in the
white dwarfs as an indicator for unresolved very low-mass companions, which derived detection limits of 7 to 11 M , our detection limits for angular separations ≥500mas
are considerably lower, i.e. in the range 5 to 7 M . The non-detections are in line with radial velocity studies around K-type giants, which do not find any giant planets
around stars more massive than ≈3 solar masses.
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Introduction
White dwarfs offer two key advantages compared to main sequence stars in
direct imaging searches:

As the white dwarf progenitors loose about 75% of their initial mass during
the Red and Asymptotic Giant Phases (see Table 1), planetary orbits with
initial semi-major axis of, e.g., 5 A.U. expand to 20 A.U., hence making
them easier to resolve (Table 2, bottom, see also Wolthoff, 2016, and
references therein, in particular Villaver & Livio, 2009).
Due to their small diameter, white dwarfs have a significantly lower
luminosity than main sequence stars, hence making the contrast problem
less severe.

The larger angular separation and reduced contrast requirements make direct
imaging searches for planetary companions around white dwarfs promising. At an
age of ≈625 Myr for the Hyades cluster, giant planets are still relatively warm, and
hence self-luminous in the near infrared.

Observing set-up
The observations (see Table 1) were carried out with NIC1 for two HST roll angles
separated by 20 deg. The two roll angles facilitate improved point spread function
subtraction via angular differential imaging (see Müller & Weigelt 1987). Each
white dwarf was observed in F110W (1 orbit) and F160W (2 orbits). The
observations were furthermore obtained in a 2-point dither pattern was applied for
better dark and background subtraction.

Results
Figure 1 shows the residual PSF images of the seven white dwarfs in the F110W
filter, and a simulated planet at an angular separation of 500 mas, and 7.0 mag
fainter than the host star. No companion to any of the white dwarfs could be
identified at separations larger than 500 mas, corresponding to initial semimajor
axis in the range 4 to 6.5 A.U.

Figure 1: Roll subtracted residual PSF images of the seven white dwarfs (left to right, top to
bottom) and of a simulated exoplanet (lower right) in F110W

Figure 2 visualizes the depth of search of the HST/NICMOS study according to
the models by Baraffe et al. (2003). The detection probabilities take into account
random orientation and phase of the potential orbits for a fixed orbital eccentricty
of 0.35 (corresponding to the mean eccentricity of confirmed exoplanets with
semimajor axis between 4 and 20 A.U.). For initial semimajor axes ≥6 A.U., we
derive lower detection limits of 5 to 7 M  (Brandner et al. 2021) than a previous
SPITZER/IRAC study, which surveyed for infrared excess in the unresolved white
dwarfs (Farihi et al. 2008).
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Figure 2: Depth of search, visualizing the probability for detecting a substellar companion to our
sample of seven white dwarfs as a function of initial semimajor axis and mass.

Discussion and Outlook
The non-detection is in line with radial velocity studies of K-giants (Reffert et al.
2015), which do not find planetary mass companions to stars more massive than
≈3 solar masses. Potential explanations are that the initially dense cluster
environment inhibits/hinders the formation of massive giant planets, or that the
energetic radiation of the host stars themselves has an effect on dust growth and
gas evaporation, and hence the planet formation efficiency. JWST observations
should ultimately expand detection limits to the sub-Jupiter mass regime.
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