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Abstract

We present the results of an in-depth photometric anal-
ysis of the substellar companion £ Andromedae b. Ex-
panding on the JH K L' photometry presented in our
discovery paper [1], we obtained high-contrast images
of the companion at 2.146, 3.776, 4.052, and 4.78 ym
using the Keck NIRC2 and LBTI LMIRCam facilities.
Furthermore, we gathered accurate near-infrared pho-
tometry of the host star in order to recalibrate the pre-
viously taken high-contrast images. This allowed us
to compile a comprehensive set of constraints on the
companion’s spectral energy distribution (SED), and
to compare these data to the spectra of both real bench-
mark objects as well as PHOENIX-based atmospheri-
cal model calculations. Finally, we used a wide range
of formation models and initial conditions to constrain
the companion mass. We find that the new results fit
well with the predictions from the discovery paper,
though the comprehensive formation analysis extends
the range of possible companion masses deeper into
the brown dwarf territory.

1 Introduction

We recently presented the direct-imaging discovery
[1] of a substellar companion to the late B-type star
% Andromedae as part of the SEEDS (Strategic Explo-
ration of Exoplanets and Disks with Subaru/HiCIAO
[2]) survey with Subaru HiCIAO [3]. The compan-
ion was shown to exhibit common proper motion with
its host star, and a first photometric analysis in the
JH K L' bands indicated a temperature of ~1700K as
well as a model-dependent mass of ~13 My,,. With a
mass of 2.4-2.5 Mgy,, the host star k Andromedae
is amongst the most massive known host stars of a

Figure 1: A false-color superposition of the JH K-
band high-contrast images in which the Super-Jupiter
+ Andromedae b (top left) was first discovered within
the residual speckle halo of its host star (center). The
neutral color of the companion signal illustrates the
fact that it is consistently detected in all three bands.

planet or brown dwarf companion. The estimated
range of companion masses straddles the theoretical
limit of ~13 My, formally separating planets from
brown dwarf companions. However, given the low
mass ratio of the system (0.5%), we noted that a more
physically meaningful classification for this compan-
ion may be to associate it with the emerging new class
of companions found around massive stars by direct
imaging and Doppler spectroscopy surveys, for which
we coined the term ‘Super-Jupiter’.
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Figure 2: Best-fit synthetic flux (horizontal bars) to the spectral energy distribution of x And b (pink dots) consid-
ering the DRIFT-PHOENIX models with three different metallicities (top panel), the BT-SETTL models (middle
panel), the AMES-DUSTY, AMES-COND, and BT-COND models (bottom panel). The corresponding synthetic

spectra are overlaid in each panel.

2. Observations and Results

A full paper describing the new data sets and our ex-
tensive analysis is in preparation at the time of writing,
and is expected to be published by the beginning of the
conference (Bonnefoy et al. 2013 in prep.). The pre-
liminary results include:

* The body of photometric data agrees well with
empirical and theoretical expectations for a com-
panion with T, = 1800 + 100K and logg =
4.5 + 1.0, consistent with the predictions in the
discovery paper.

e Hot-start models imply companion masses just
below the theoretical deuterium-burning limit
nominally separating planets from brown dwarfs,
whereas warm- and cold-start models imply
masses above this limit.

* We extended the range of possible system ages
up to 150 Myr, which allows for companion mass
solutions of up to ~35 M.

* We find that gravitational instability in a disk of-
fers a plausible scenario for the in situ formation
of x Andromedae b.
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