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ABSTRACT

We present the discovery of a white dwarf companion at ~ 3.6” from GJ 3346, a nearby
(m ~ 42 mas) K star observed with SPHEREQVLT as part of an open time survey for
faint companions to objects with significant proper motion discrepancies (Au) between
Gaia DR1 and Tycho-2. Syrius-like systems like GJ 3346 AB, which include a main
sequence star and a white dwarf, can be difficult to detect because of the intrinsic
faintness of the latter. They have, however, been found to be common contaminants
for direct imaging searches. White dwarfs have in fact similar brightness to sub-stellar
companions in the infrared, while being much brighter in the visible bands like those
used by Gaia. Combining our observations with Gaia DR2 and with several additional
archival data sets, we were able to fully constrain the physical properties of GJ 3346 B,
such as its effective temperature (11x10°+500 K) as well as the cooling age of the
system (648+58 Myrs). This allowed us to better understand the system history and
to partially explains the discrepancies previously noted in the age indicators for this
objects. Although further investigation is still needed, it seems that GJ 3346, which
was previously classified as young, is in fact most likely to be older than 4 Gyrs.
Finally, given that the mass (0.58 = 0.01 M) and separation (85 au) of GJ 3346 B
are compatible with the observed Ay, this discovery represents a further confirmation
of the potential of this kind of dynamical signatures as selection methods for direct
imaging surveys targeting faint, sub-stellar companions.
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1 INTRODUCTION around a seemingly single star. Targeted searches for com-
panions compatible with measured trends between the Hip-
parcos and Tycho-2 catalogues (see e.g. Makarov & Kaplan
2005) have been highly successful (see e.g. Tokovinin et al.
2012, 2013), confirming the power of such selection method.

Long-term proper motion measurements provided by his-
torical catalogues like Tycho-2 (Hgg et al. 2000) can be a
good approximation of the motion of the center of mass of
binaries with sufficiently long periods. Short-term measure-
ments such as the ones provided by the Hipparcos (Perry-
man et al. 1997) or, more recently, by the European Space
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The discovery space of these searches is of course limited
by the precision of the available measurements, which ex-
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3 Agency (ESA) cornerstone mission Gaia (Gaia Collabora- plams why previous surveys were only ab%e to target stellar-
= . . . like companions. The first two intermediate Gaia data re-
= tion et al. 2016a), can instead capture the reflex orbital . . .
= . . L . leases (Gaia Collaboration et al. 2016b, 2018, Gaia DRI1
» motion of the pair. A significant difference (Au) between .
o . . and GR2) already allow the community to access the pro-
- proper motion measurements can therefore be interpreted ; e
= c e . cessed and calibrated data collected by the spacecraft in its
= as a good indication of the presence of a perturbing body :

first 22 months of operation. The five-parameter astromet-
8 ric solution based on Gaia data only are now available for
s for more than 1.3 billion sources, including proper motion
° * E-mail: mbonav@roe.ac.uk measurements with uncertainties below 0.06 mas/yr for the
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brightest sources. As recently demonstrated by Fontanive
et al. (2019b) with the new COPAINS (Code for Orbital
Parametrisation of Astrometrically Inferred New Systems)
tool and previously by Brandt (2018), such an exquisite
precision allows to unveil much smaller trends, effectively
extending the Ay searches below the substellar mass limit.

Astrometric signatures could therefore represent a pow-
erful tool to maximise the number of direct detections of
wide substellar companions. As these objects seem to be rare
(see e.g., Vigan et al. 2017), a carefully pre-selected sample
may in fact lead to a higher number of detections, compared
to a blind search. In addition to precise astrometry, Gaia
DR2 also provides multi-band photometry for a considerable
amount of sources, allowing to better characterise the faint
companions detected via Direct Imaging (DI). Gaia colours
hence make it possible to identify contaminants such as the
so-called Sirius-like systems, composed by a main sequence
star of spectral type earlier than M and a white dwarf (here-
after WD) companion (Holberg et al. 2013). The faint WD
would appear very similar to a young planetary or brown
dwarf companion in the infrared, while being much brighter
in the visible bands surveyed by Gaia.

Because of the intrinsic faintness and small projected
separation of the companions, the current census of Sirius-
like systems is highly incomplete, even within a short dis-
tance from the Sun (few tens of pc). The use of state-of-
the-art high-contrast instrumentation has lead to a number
of discoveries in the last few years (Zurlo et al. 2013; Crepp
et al. 2013, 2018), contributing towards reducing such incom-
pleteness, and confirming the existence of an unseen popu-
lation of WD companions in the close vicinity of the Sun, as
predicted by Holberg et al. (2013).

The newly detected companions are typically found at
rather small angular separations, corresponding to physical
separations of few tens of au, and therefore close enough
to have harboured some accretion phenomena. This makes
them very useful benchmark objects to constrain wind accre-
tion occurring in moderately wide binaries during the AGB
phase of the WD progenitor. They can also be used to inves-
tigate the maximum binary separation at which Ba-stars can
be observed, as well as to characterise the rate of companion
loss as a function of orbital periods.

Long-term radial velocity trends are observed in some
cases, providing crucial clues towards the determination of
dynamical masses. This, together with the availability of pre-
cise parallax measurements of the host star allows for a cal-
ibration of the progenitor mass (see e.g. Weidemann 2000)
and the empirical mass radius relations (see e.g. Tremblay
et al. 2017), as well as the luminosity function of WDs (see
e.g. Holberg et al. 2016), although cases of discrepancy be-
tween the WD cooling age and properties of the compan-
ion have been previously reported (see e.g. Matthews et al.
2014).

Furthermore, some of the central stars show signatures
of the impact of mass-loss from progenitors of WDs on the
central stars. These include alterations of the rotation and
therefore of the magnetic activity level (Desidera & Barbieri
2007; Zurlo et al. 2013, , D’Orazi et al. in preparation), and
alterations of chemical abundances of selected elements (Jef-
fries & Smalley 1996; Desidera et al. 2016), which could lead
to a mis-classification of the host as young star. These al-
terations may occur through direct mass exchange between

the components (Roche lobe overflow, see e.g. McCrea 1964;
Iben & Livio 1993) or, for wider binaries, by accretion of ma-
terial lost during the AGB phase through stellar wind (wind
accretion, see e.g. Jeffries & Stevens 1996; Boffin 2015). This
latter mechanism appears to be relatively efficient in pro-
viding alterations even for binary separations of several tens
of au. The occurrence of WD with moderately wide com-
panions with chemical alterations of s-process elements and
carbon (Jeffries & Smalley 1996) shows unambiguously that
the origin of the accreted material is an AGB star (progen-
itor of the WD). Accretion of small amounts of material
in these cases is also predicted by binary evolution codes
(Hurley et al. 2002). Furthermore, it should be considered
the original separation of the binary system at the end of
the AGB phase would have been smaller than the present
one, because of the significant mass loss experienced by the
system (Hadjidemetriou 1963).

In this paper, we present the discovery of a WD compan-
ion to GJ 3346, one of the targets of the COPAINS pilot sur-
vey (Bonavita et. al in prep.). The observational setup and
data reduction is described in Section 2. Section 3 presents
the properties of the host star, and Section 4 presents the
analysis of the properties of the new companion. Finally our
results are discussed and summarised in Section 5.

2 OBSERVATIONS AND DATA REDUCTION

GJ 3346 was observed as part of the COPAINS pilot survey
(Bonavita et. al in prep.), an open time SPHERE program
(ID 100.C-0646) aimed at validating the COPAINS target
selection process for direct imaging systems, presented in
Fontanive et al. (2019b). The goal of this study is to im-
age unseen companions to stars selected with the COPAINS
tool for their significant proper motion differences (Au) be-
tween the astrometric values from the first Gaia data release
and historical proper motions from the Tycho-2 catalogue.
We note that the Gaia DR2 catalogue was not yer available
at the time the survey was devised. Based on predictions
from the COPAINS code (Fontanive et al. 2019b), the hid-
den companions responsible for the observed trends in the
survey targets were expected to possibly be of sub-stellar
and in some cases of planetary nature (see Section 4.5).

In order to enhance our capability to detect such ob-
jects, despite their possible low luminosity, we therefore
choose to use the SPHERE planet-finder instrument in-
stalled at the VLT (Beuzit et al. 2019), a highly specialised
instrument, dedicated to high-contrast imaging and spec-
troscopy of young giant exoplanets. SPHERE is based on
the SAXO extreme adaptive optics system (Fusco et al.
2006; Petit et al. 2014; Sauvage et al. 2010), which con-
trols a deformable mirror with 41 x 41 actuators, and 4 con-
trol loops (fast visible tip-tilt, high-orders, near-infrared dif-
ferential tip-tilt and pupil stabilisation). The common path
optics employs several stress polished toric mirrors (Hugot
et al. 2012) to transport the beam to the coronagraph and
scientific instruments. Several types of coronagraphic de-
vices for stellar diffraction suppression are provided, includ-
ing apodized pupil Lyot coronagraphs (Soummer 2005) and
achromatic four-quadrants phase masks (Boccaletti et al.
2008). The instrument has three science subsystems: the in-
frared dual-band imager and spectrograph (IRDIS, Dohlen
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et al. 2008), an integral field spectrograph (IFS; Claudi et al.
2008) and the Zimpol rapid-switching imaging polarimeter
(ZIMPOL; Schmid et al. 2018).

The data were acquired on the 29th January 2018 (Ta-
ble 1) in IRDIFS-EXT mode, using IRDIS in dual-band
imaging (DBI, Vigan et al. 2010) mode with the KK, fil-
ters (Ag, = 2.1025 +0.1020 um; Ag, = 2.2550 + 0.1090 pm),
and IFS in the Y — H (0.97 — 1.66 um, Ry = 30) mode in
pupil-tracking. This combination enables the use of angular
and/or spectral differential imaging techniques to improve
the contrast performances at the sub-arcsecond level.

The observing sequence adopted was similar to those
designed for the SHINE Guaranteed time survey (see e.g.
Chauvin et al. 2017) and consisted of:

e One PSF sub-sequence composed by a series of off-axis
unsaturated images obtained with an offset of ~ 0.4" rel-
ative to the coronagraph center (produced by the Tip-Tilt
mirror). A neutral density filter was used to avoid satura-
tion! and the AO visible tip-tilt and high-order loops were
closed to obtain a diffraction-limited PSF.

e A star center coronagraphic observation with four sym-
metric satellite spots, created by introducing a periodic mod-
ulation on the deformable mirror (see Langlois et al. 2012,
for details), in order to enable an accurate determination
of the star position behind the coronagraphic mask for the
following deep coronagraphic sequence.

e The deep coronagraphic sub-sequence, for which we
used here the smallest apodized Lyot coronagraph (ALC-
YH-S) with a focal-plane mask of 185 mas in diameter.

e A new star center sequence, a new PSF registration, as
well as a short sky observing sequence for fine correction of
the hot pixel variation during the night.

IRDIS and IFS data sets were reduced using the
SPHERE Data Reduction and Handling (DRH) automated
pipeline (Pavlov et al. 2008) at the SPHERE Data Center
(SPHERE-DC, see Delorme et al. 2017) to correct for each
data cube for bad pixels, dark current, flat field and sky
background. After combining all data cubes with an ade-
quate calculation of the parallactic angle for each individ-
ual frame of the deep coronagraphic sequence, all frames
are shifted at the position of the stellar centroid calculated
from the initial star center position. In order to calibrate
the IRDIS and IFS data sets on sky, we used images of the
astrometric reference field 47 Tuc observed with SPHERE
at a date close to our observations. The plate scale and true
north values used are reported in Table 1 and are based on
the long-term analysis of the GTO astrometric calibration
described by Maire et al. (2016).

The SPHERE-DC corrected products were then pro-
cessed using the VIP (Vortex Image Processing Package) for
High-contrast Direct Imaging (Gomez Gonzalez et al. 2017),
which allowed for the speckle pattern subtraction using the
angular differential imaging (ADI: Marois et al. 2006) tech-
nique within a principal component analysis (PCA) algo-
rithm (see Soummer et al. 2012; Amara & Quanz 2012, for
details).

The resulting IRDIS K| combined image is shown in

! www.eso.org/sci/facilities/paranal/instruments/sphere/

inst/filters.html
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Figure 1. IRDIS K1-band PCA processed image of GJ 3346 from
January 29th 2018. The newly discovered companion GJ 3346 B
is highlighted with a white circle.
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Figure 2. 5 o contrast limits achieved during the SPHERE ob-
servations of GJ 3346 in the two IRDIS filters. The position of
GJ 3346 B is marked with a cross.

Fig. 1, with the position of the newly discovered companion
highlighted by the white circle. Figure 2 shows the corre-
sponding 50 contrast limit as a function of separation from
the primary for both IRDIS filters. The bump at ~ 3.6” is
caused by the presence of the companion, which position is
marked by the X signs.

3 HOST STAR PROPERTIES

As mentioned in Sec. 2, GJ 3346 was selected as target for
our SPHERE program because of significant discrepancies
in available measurements of the star’s proper motion. Ta-
ble 2 lists parallax and proper motion measurements found
in major astrometric catalogues for GJ 3346. A total Au
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Table 1. Details of VLT/SPHERE observations.

UT Date Instrument  Filter  Pl. Scale NDITXDIT = Neyp  Tot.FoV  w Strehl Airmass TN
(mas/pxl)  (s) Rot. (°) () @1.6um (®)
29-01-2018 IRDIS KI1K2 12.250 1x64 17
29-01-2018 IFS Y-H 7.46 1x64 16 17:5 0.58 0-85 1.39 -1.75
Table 2. Stellar parameters of GJ 3346
1.170
Parameter Value Reference
1.165+
Age (Gyr) 4.3-6.5 this paper -
Mg;ar(Mg) 0.683+0.018 this paper = 1.1607 ¢
Rstar(Ro) 0.639£0.014  this paper 2
o 1.1551
V (mag) 8.72 Hipparcos )
B-V (mag) 1.003+0.003 Hipparcos 5 1.1504
V-I (mag) 1.05 Hipparcos =
G 8.3864 + 0.0004  GDR2 1.145
BP-RP 0.0640%0-0%21 GDR2 11401
J (mag) 6.856=0.019 2MASS ‘ ‘ ‘ ‘ : ‘
H (mag) 6.284+0.026 IMASS 1440 14.45 1450 1455 1460 1465
K (mag) 6.205=0.024 2MASS Time (JD-2450000)
RV (kms™!) -14.02+0.42 GDR2
U (kms™) _8.24+0.35 this paper Figure 3. TESS light curve for GJ 3346
V (kms™!) 11.13+0.27 this paper
W (kms™) 30.60+0.23 this paper
ST K3V Hipparcos GDR2 also includes photometry in Gaia’s G, Ggp and Ggrp
Ter (K) 4750465 this paper bands. Combining these information with all the available
logg 4.50+0.10 this paper data from the literature, we were able to carefully reassess
[Fe/H] -0.38+0.08 this paper the values of stellar parameters for GJ 3346, which we report
vsini (kms™) 3.5£0.5 this paper in Table 2, together with the photometry from Gaia, Hip-
Prot 13.0+0.4 this paper parcos (Perryman et al. 1997) and 2MASS (Skrutskie et al.
logRu K -4.48 Wright et al. (2004) 2006).
logLx/Lpo; -4.89 this paper
EW Li (mA) 0.0 this paper
41.09 + 1.26 Hipparcos 3.1 ACtiVity and rotation
Parallax (mas) 42.02 £ 0.28 TG,AS The star is a K3 star which shows moderate chromospheric
42.0225 + 0.0302  Gaia DR2 . . .. .
activity and X-ray emission. Wright et al. (2004) and Gray
174.3 + 1.3 Tycho-2 et al. (2006) measured log Ryx = —4.48 and —4.45, respec-
pmRA (mas/yr) 173.92 + 0.87 Hipparcos tively 2. An X-ray luminosity of 1.01x10%8 and log Lx /Ly =
174.023 £ 0.064  TGAS —4.89 were derived from ROSAT (Voges et al. 2000) , follow-
173.571 £ 0.046  Gaia DR2 ing the procedures described in Desidera et al. (2015). The
201.2 + 1.3 Tycho-2 availability of TESS (Ricker et al. 2015) light curves for GJ
204.52 + 0.94 Hipparcos 3346, shown in Fig. 3, also allowed us to derive a photometric
pmDEC (mas/yr) . . 3 .. .
206.393 £ 0.064 TGAS rotational period of 13.0+0.4 days”. This is fully compatible
207.558 + 0.053  Gaia DR2 with the observed magnetic and coronal activity.

of 5.20+1.84 mas/yr is obtained by comparing the Tycho-
2 (Hgg et al. 2000) and Tycho Gaia Astrometric Solution
(TGAS; Michalik et al. 2015) catalogues, as was done for
our selection procedure with COPAINS (Fontanive et al.
2019b). A similar value is obtained using the values from
the second Gaia Data Release (hereafter GDR2; Gaia Col-
laboration et al. 2018) which was not available at the time of
target selection, confirming its suitability as a survey target.
In addition to the full five parameter astrometric solution,
including celestial position, parallaxes and proper motions,

3.2 Chemical abundances

A high:resolution spectrum (spectral coverage from 3800 to
10000 A with a resolution of R= 57000) of GJ 3346 obtained

2 The value of log Ry x from Wright et al. (2004) is derived from
their tabulated S-Index value using the Noyes et al. (1984) pre-
scriptions.

3 Data obtained from https://mast.stsci.edu/portal/Mashup/
Clients/Mast/Portal.html - TESS Obs ID: tess2018319095959-
s0005-0000000442893646-0125-s

MNRAS 000, 1-11 (2020)
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with FOCES (Pfeiffer et al. 1998) had been published by
Maldonado et al. (2010), who claimed a marginal lithium
detection, despite the high (~70) signal-to-noise ratio (SNR)
per pixel at the position of the lithium 6708A line.

We used the same data (courtesy of J. Maldonado) to
carry out spectroscopic parameter and abundance determi-
nation as done in our previous works (see e.g., D’Orazi et al.
2017, for line lists and solar abundances), by using MOOG
by C. Sneden (1973, 2017 version) and the ODFNEW grids
of model atmospheres (new opacities and no overshooting)
by Castelli & Kurucz (2004). Atmospheric parameters were
derived following the standard procedure: effective temper-
ature (Teg) and micro turbulent velocity (V;) have been ob-
tained by removing spurious trends between log n(Fe 1) and
excitation potential and reduced equivalent widths (EWs)
of the lines, respectively. The surface gravity (logg) comes
from the ionisation equilibrium:

Allog(Fey ) —log(Feyy)] < 1[0'12 + 0'22 (1)

where o] and o, are errors on the mean abundances from
Fer and Fejy, respectively.

We have derived Teg = 4750+65 K, logg=4.5+0.1 dex,
V; = 0.95+0.12 km 57!, and [Fe/H]=-0.38 + 0.08 (with the
solar iron abundance being log ne(Fe 1)=7.50). We refer the
reader to D’Orazi et al. (2017) for details on error budget
computations. Our slightly metal-poor iron abundance is
consistent with the finding of Mortier et al. (2013) ([Fe/H]=-
0.20 from CORALIE and Gray et al. (2006), [M/H]=-0.35
from low resolution spectroscopy). Abundances for the @ ele-
ments Mg, Si, and Ca exhibit a marginal enhancement, sug-
gesting a thin disc composition with [Mg/Fe]=+0.10+0.12,
[Si/Fe]=40.07+0.09, and [Ca/Fe]=+0.19+0.11 dex.

As a possible indication of pollution from the previous
AGB companion we have also derived the s-process element
Ba, to search for enhancements. However, we did not detect
any hint of over-abundance with [Ba/Fe]=+0.05 + 0.10 (see
D’Orazi et al. (2017) and references therein for details on Ba
abundance determination). The quality of the FOCES spec-
trum does not allow us investigate in detail the occurrence
of significant alterations of abundances other key elements,
such as e.g., carbon, yttrium, zirconium, and lanthanum.
However, the solar Ba abundance suggests that this is not
the case and further investigations, by acquiring new high
quality (SNR 2 150), high resolution spectra are not crucial
in this context.

As shownd in Fig. 4, a comparison between the observed
and synthetic spectrum (calculated assuming A(Li)=0.00)
only allows to put an upper limit on the lithium abundances.
We believe that the measurement reported by Maldonado
et al. (2010) is likely a blended equivalent width of the iron
line. From the spectral synthesis including the Ball (5853
A) and Li spectral regions we also derived the projected
rotational velocity of the star (vsini=3.5+0.5 km/s).

3.3 System age

GJ 3364 was originally classified as young based on the in-
formation on the rotation and chromospherical and coronal
emission. Our revised values of these indicators, discussed
in Sec. 3.1, are still compatible with an age of ~ 600-700
Myr for GJ 3346. They could, however, also be explained

MNRAS 000, 1-11 (2020)
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Figure 4. Spectral synthesis (red line) around the Li I line at
6707.8 A for GJ 3346 A.

assuming it is instead an older star rejuvenated by angular
momentum accreted through stellar wind originated from
the WD progenitor at the end of the AGB phase (see Zurlo
et al. 2013, and references therein) or by tidal locking with
a close stellar companion (see e.g. Hut 1981; Fleming et al.
2019).

The possibility of a tidally locked binary can easily
be ruled out by the availability in the literature of several
RV measurements (Nordstrom et al. 2004; Maldonado et al.
2010; Sperauskas et al. 2016; Riedel et al. 2017; Gaia Collab-
oration et al. 2016a). These data show some scatter exceed-
ing the formal errors (peak-to-valley differences of about 3
km/s) but the dispersion is low enough to exclude a tidally-
locked binary as source for the moderate magnetic activity
of the star.

The lack of a clear lithium detection, on the other hand,
also points towards an older age for the system, with the
WD being responsible for the spin up. This is not surprising
considering that the projected separation of the WD (87 au)
is similar to the one observed for HD8049 (50 au). HD 8049
is a system with a K-type central star, a WD companion and
significant signature of rejuvenation (Zurlo et al. 2013). In
the case of GJ 3346, the activity is significantly lower than
that of HD8049. We expect this is due to an earlier event of
mass loss from the WD progenitor and subsequent accretion.
If this was the case, we would have expected a significantly
longer cooling age for the WD around GJ 3346.

The relatively low metallicity discussed in Sec. 3.2 is
another indication for an old age since nearby young stars
typically have chemical composition close to solar (D’Orazi
et al. 2011; Biazzo et al. 2017), which is also supported by
the stellar kinematics. While kinematic arguments do not
provide a well defined age (a part from the case of members
of moving groups or associations with well defined age), it
can still be used to obtain robust limits. Using Gaia DR2
astrometric values and absolute RV we obtain U, V,W = -
8.24, 11.12, 30.60 km/s. The W velocity is well outside the
kinematic space of young stars (Montes et al. 2001) and U
and V velocities are also marginally inconsistent with it.
This confirms that the star is older than 1 Gyr.

We finally tried to derive the age of the system through
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isochrone fitting, using the PARAM?* (da Silva et al. 2006)
web interface and adopting spectroscopic Teg and [Fe/H],
GDR2 parallax and V band magnitude. The resulting value
of 5.3+3.4 Gyr is inconclusive, as expected for a K dwarf
close to the main sequence. The stellar mass resulting from
this fit is of 0.683+0.018 Mg.

Given the ambiguities described above, we decided to
adopt a different approach and tried to assess the most prob-
able system age by estimating the typical values for stars
with kinematics and metallicity similar to those of GJ 3346.
We selected from Casagrande et al. (2011) the stars with
metallicity and galactic orbit similar to GJ 3346 (eccentric-
ity between 0.04 to 0.10; maximum height over the galactic
plane between 0.70 to 0.82, [Fe/H] between -0.2 to -0.6). All
the objects with blended photometry were then removed,
which yielded a sample of 13 objects (beside GJ 3346), none
of which detected in X-ray or with reported signatures point-
ing towards an age lower than 1 Gyr in the literature. We fi-
nally derived the stellar ages for these targets using PARAM,
adopting effective temperature and [Fe/H] from Casagrande
et al. 2011), obtaining a median value of the age is 5.3 Gyr
with a dispersion of 2.5 Gyr. The median values of mini-
mum and maximum ages obtained using the error bars pro-
vided by the PARAM web interface are 4.3 and 6.5 Gyr
respectively. We chose to use these as the adopted age range
of the system, as this is still consistent with the estimated
isochrone age for GJ3346, but more accurate.

4 RESULTS

4.1 Detection of a co-moving WD companion to
GJ 3346

A point source at a separation of 3.665+0.002 arcsec and
a position angle of 348.31+0.09 deg from GJ 3346 was re-
trieved in our IRDIS images (see Fig. 1). A source com-
patible with the candidate identified in the IRDIS field of
view was also retrieved in Gaia DR2 ( p=3.647+0.001 arc-
sec, PA=347.89+0.02 deg, see Tab. 3 for details). The fact
that the GDR2 parallax and proper motion of this object
were very similar to those of GJ 3346 provided a strong
indication of its co-moving nature, despite the apparent dis-
crepancies within the single values. In fact, as discussed in
Fontanive et al. (2019a), differences in both parallax and
proper motion such as the ones observed here are to be ex-
pected in kinematics measurements made over a short time
span, as is the case for GDR2 parameters, which capture the
reflex orbital motions in the components of multiple systems.
Indeed, for Ay binaries, short-term proper motions will by
definition be deviant from the center-of-mass motion of the
pair, and in different directions for the two components at
opposite ends of their orbits. In addition, the presence of
the bright primary within few arcseconds almost certainly
affected the quality of the Gaia DR2 5-parameter astromet-
ric solution for GJ 3346 B, which appearsto be relatively
poor (its Renormalised Unit Weight Error is in fact ~4, as
opposed to the typical value of 1.4 expected for a good fit.)

4 http://stev.oapd.inaf.it/cgi-bin/param_1.3
5 RUWE, described in details in http://www.rssd.esa.int/doc_
fetch.php?id=3757412
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Figure 5. Position of GJ 3346 B (black square) in the GDR2
WD locus, as per the catalogue compiled by Gentile Fusillo et al.
(2019). The colour scale indicate the probability of the source
being a WD, Pw p, as defined in the catalogue description.

To further confirm the co-moving nature of GJ 3346 B,
we estimated the expected motion of a background star
relative to GJ 3346 over the 2.5 yrs baseline between our
SPHERE observation and Gaia DR2, given the parallax
and proper motion of the primary. The results, plotted in
Fig. 6, clearly show that the measured positions (reported
in Tab. 3) are incompatible with a background source, thus
validating the idea that the pair is physically associated.

4.2 Companion photometric characterisation

Table 3 shows the values of the photometry of GJ 3346 B
from IRDIS using the VIP package (Gomez Gonzalez et al.
2017) and those retrieved from the GAIA DR2 catalogue.
While the red colour in the IRDIS bands pointed towards a
sub-stellar nature for the companion, the photometry from
Gaia lead us to think GJ 3346 B could be a WD instead.
When we compared its colours with the ones of the objects
in the WD locus from Hollands et al. (2018) (see Fig. 5), we
found it to be compatible with the WD sequence consider-
ing the large colour error®. The blue colour of the companion
is further supported by comparison of Gaia and SPHERE
photometry, that yields G-K1 and G-K2 equal to 0.1266 and
0.2226 respectively. This is a further confirmation of the WD
nature of GJ 3346 B. There is no available photometry in the
UV from Galex, while U band photometry of the whole sys-
tem shows no or small UV excess, depending on the adopted
U band photometry (Koen et al. 2010; Mermilliod et al.
1997), thus excluding a very hot source.

% The large phot_bp_rp_excess_factor (3.783) indicates a sig-
nificant contamination by the primary on the BP-RP colour
(Evans et al. 2018). The true colour is then likely bluer, better
placing GJ 3346 B on the WD sequence.

MNRAS 000, 1-11 (2020)
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Table 3. Relative photometry and astrometry of GJ 3346 B

Epoch Filter Ac Contrast Separation PA
(um) (Amag) (mas) @)
Gaia G 639.74  5.829 + 0.005
2015.5 Gaia BP 516.47 4.228 + 0.150  3647.55 + 1.00  347.8935 + 0.02
Gaia RP 783.05 4.686 + 0.136

IRDIS K1 = 2.1025

N 348.30 + 0.07

2018.05 7.844 + 1.628  3665.59 + 1.7
’ IRDIS K2 2.2550 7.788 + 0.057 3664.45 + 1.42 348.33 + 0.06
Table 4. Summary of the properties of GJ 3346 B
e EpOL - GDR2 - 2015-07-02 O

3481 4 Ep02 - SPHERE - 2018-01-29

2 346 1
z
Q@
ccn 344 1 t348.4
< _H_ :
C
S F 348.2
k= ]
o 342 t348.0
&
f 347.8
. :
3401 3.65 3.66  3.67

3.30 3.35 3.40 3.45 3.50 3.55 3.60 3.65
Separation (")

Figure 6. Common proper motion analysis of GJ 3346 and its
companion over the ~2.5 year baseline between GDR2 (magenta)
and the astrometry from our SPHERE data (blue). The black
line shows the motion of a background object relative to GJ 3346
based on the GDR2 parallax and proper motion of the primary
over the same time frame, and the blue open circle indicates the
expected position of a background object at the epoch of the
SPHERE detection. The close companion is clearly found to be
co-moving with our target.

4.3 Derived physical parameters

As in Zurlo et al. (2013), we used a catalogue of empir-
ical sequences using the catalogue of nearby WDs by Gi-
ammichele et al. (2012). The photometry values have been
supplemented with available GALEX FUV and NUV magni-
tudes, and 2MASS J, H and K5 magnitudes. The final sam-
ple consists of 107 nearby (< 51 pc) WDs: 22 with FUV mag-
nitudes, 18 with NUV magnitudes and 84 with J, H, K5 mag-
nitudes calibrated by Giammichele et al. (2012). Along with
the empirical catalogue we used the theoretical sequences of
Vennes et al. (2011).

We calculated the effective temperature Teg using the
empirical and theoretical sequences from the visible and NIR
photometry of the WD. The result is a temperature of ~
11 x 10> K (see Fig. 7, top). This imply a a value of the
mass of the WD between 0.45 and 0.7 M. The cooling time
calculated using the empirical sequences is 68458 Myr. (see
Fig. 7, bottom).

4.4 System history

Coupling the estimates of the total system age and of the
WD cooling time allows us some inferences of the most

MNRAS 000, 1-11 (2020)

Parameter Value Reference
Projected separation (au) 86.50+0.06 this work
Current Mass (Mo) 0.58 + 0.01 this work
IRDIS-K1 mag 14.04+ 1.64 this work
IRDIS-K2 mag 13.99+ 0.07 this work
Gaia G mag 14.22+0.01 GDR2
Gaia BP mag 13.19+0.15 GDR2
Gaia RP mag 12.59+0.14 GDR2

42.30£0.07 GDR2
182.24+£0.10 GDR2
216.25+0.12 GDR2

Parallax (mas)
pmRA (mas/yr)
pmDEC (mas/yr)

Ter (K) 11x 103+ 500  this work
Cooling time (Myr) 684+58 this work
Main sequence time (Gyr) 4.6*12 this work
Original Mass (M) IZOfg?)g this work

probable original configuration and evolution of the system.
To this aim, we used the pre-WD lifetimes from the Bres-
san et al. (2012) models for the appropriate metallicity and
the initial-final WD mass relationship by Cummings et al.
(2018). Subtracting the WD cooling age from the system
age yield a most probable pre-WD lifetime of 4.6 Gyr, with
plausible limits between 3.6 to 5.8 Gyr. The corresponding
initial masses are 1.20, 1.30, and 1.12 Mg, respectively, corre-
sponding to WD masses of 0.585+0.008 M, for the adopted
relationship.

Neglecting the small amount of material accreted by the
K-type component after the mass loss and assuming adia-
batic expansion of the orbit (Huang 1956; Boffin 2015), one
could expect the original separation to have been roughly
two thirds of the present one, i.e. 58 au. The true semi major
axis could be different due to orbit eccentricity and on-sky
projection effects.

Younger/older system ages, corresponding to more/less
massive WD progenitors, would imply a tighter/wider orig-
inal configuration, respectively. While speculative, this evo-
lution of the system would explain quite naturally all
the observed features, including the rejuvenation of the K
type component through wind accretion (Jeffries & Stevens
1996).
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Figure 7. Top. Absolute magnitude in different bands (V and H) versus effective temperature for the WD models of Vennes et al.
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4.5 Astrometric trend due to the WD companion

As previously noted, GJ 3346 has a strong Au offset be-
tween Tycho-2 and TGAS proper motions (Table 2). Assum-
ing that the Tycho-2 measurement is close to the centre-of-
mass motion of the system, and that Gaia provides a good
approximation to the instantaneous velocity of the star, the
COPAINS tool enables predictions of the possible masses
and separations of the secondary companion. The analysis
conducted with COPAINS on GJ 3346 revealed that the
companion triggering the astrometric trend could be com-
patible with a substellar secondary on separations smaller
than a few tens of AU, or with a more massive stellar com-
panion on a larger orbital distance. The results from the
predictions made with COPAINS are shown in Fig. 8. The
solid line shows the median set of solutions for the position
of the bound companion, and the dark and light envelopes
represent the 1 and 20 regions of confidence, respectively.
The predictions assume a flat distribution in eccentricity and
a face-on orbit.

As TGAS has a ~25-yr baseline, this catalogue will only
be a good estimate of short-term proper motions for systems
with orbital periods on the century timescale. As a result,
the predictions made from TGAS measurements may not be
accurate at small orbital separations (left panel). Nonethe-
less, the identified companion being on a wide orbit, this is
not expected to affect our system. The position of the WD,
indicated by the red star in Fig. 8, is indeed in agreement
with the expectations from COPAINS within 20.

After the release of the Gaia DR2 catalogue, the same
analysis was repeated with GDR2 for completeness and is
shown in the right panel. With a baseline of 22 months only,
GDR2 truly captures the reflex motion of the star under the
gravitational influence of the WD, and provides an excellent
approximation to an instantaneous velocity. The fact that
the dynamical predictions in the two panels of Fig. 8 are
very similar confirms that the timescale of TGAS was also
very short relative to the orbital period of the GJ 3346 AB
system. The more accurate and better trusted COPAINS
simulations made with GDR2 proper motions are consistent
with the measured mass and observed separation of GJ 3346
B at the 1.50 level.

5 DISCUSSION AND CONCLUSIONS

We detected a new WD companion around the K-type star
GJ 3346, observed with SPHERE as part of the COPAINS
pilot survey (Bonavita et al. in prep) a program focused
on young stars with significant proper motion difference be-
tween Gaia DR1 and Tycho-2. The companion was first de-
tected in the SPHERE observations and then retrieved in
Gaia DR2, which allowed to both confirm its comoving na-
ture and to identify it as a WD companion.

Compared to similar systems discovered with similar
methods (such as HD 8049, see Zurlo et al. 2013, for de-
tails), GJ 3346 lacked the abundance of information from
the literature (in particular, there are no UV data), result-
ing in a less accurate estimate of the parameters of the WD
and the possible original configuration of the system. We
were nonetheless able to constrain its effective temperature
(11 x 10% + 500 K) and cooling age (684+58 Myr).

MNRAS 000, 1-11 (2020)

The analysis of the central K star shows that the young
age originally inferred from rotation and chromospheric and
coronal emission is refuted by the lack of lithium, moderately
low metallicity, and kinematics. The magnetic activity can
be explained by spin-up of the star thanks to accretion of
material and angular momentum at the end of the AGB
phase of the WD component. Interestingly, the age from
rotation and activity is close to the estimated cooling age of
the WD, as found by Zurlo et al. (2013) for HD 8049 and
by Leiner et al. (2018) for some other systems. This further
supports the idea that accretion of angular momentum by
the progenitor of the WD at the of the AGB phase reset the
rotational clock of the star and then the rotational evolution
proceeded as isolated stars after the accretion.

While the detection of the companion confirms the va-
lidity of our selection method, GJ3346 B is not suitable for
a detailed analysis to obtain an estimate of its dynamical
mass, as done for other objects showing significant Ay, such
as HD 284149 B (Bonavita et al. 2017). Given its long pe-
riod and the lack of information on its inclination and ec-
centricity7, such analysis, based on the method proposed by
Makarov & Kaplan (2005) could only lead to a rather un-
reliable estimate of its minimum mass at best (Fontanive et
al., in prep., for a detailed description of the mass estimate
method as well as its limitations).

With a projected separation of 87 au, GJ 3346 B is
expected to cause an RV trend of ~ 15-30 ms™'yr~! (esti-
mated following the approach by Liu et al. 2002), which is
well within reach of high-precision RV instruments, mak-
ing it a promising case for detection. Further astrometric
constraints on its mass will most likely also be provided by
future Gaia releases. This discovery therefore confirms the
key role played by Gaia in the discovery and characterisation
of faint companions, as well as the potential of dynamical
pre-selection methods to enhance the yield of direct imaging
surveys.
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