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c’ ABSTRACT
(@R

\ Aims. The SHINE program is a large high-contrast near-infrared survey of 600 young, nearby stars. It is aimed at searching for and characterizing
(O new planetary systems using VLT/SPHERE’s unprecedented high-contrast and high-angular resolution imaging capabilities. It also intends at
L. placing statistical constraints on the occurrence and orbital properties of the giant planet population at large orbits as a function of the stellar host

mass and age to test planet formation theories.
Methods. We use the IRDIS dual-band imager and the IFS integral field spectrograph of SPHERE to acquire high-constrast coronagraphic differ-
—ential near-infrared images and spectra of the young A2 star HIP 65426. It is a member of the ~ 17 Myr old Lower Centaurus-Crux association.
Results. At a separation of 830 mas (92 au projected) from the star, we detect a faint red companion. Multi-epoch observations confirm that
it shares common proper motion with HIP 65426. Spectro-photometric measurements extracted with IFS and IRDIS between 0.95 and 2.2 um
indicate a warm, dusty atmosphere characteristic of young low surface-gravity L5-L7 dwarfs. Hot-start evolutionary models predict a luminosity
consistent with a 6 — 12 My, Ter = 1300 — 1600K and R = 1.5 + 0.1 Ry, giant planet. Finally, the comparison with Exo-REM and PHOENIX
BT-Settl synthetic atmosphere models gives consistent effective temperatures but with slightly higher surface gravity solutions of log(g) = 4.0-5.0
with smaller radii (1.0 — 1.3 Ryp).
Conclusions. Given its physical and spectral properties, HIP 65426 b occupies a rather unique placement in terms of age, mass and spectral-type
among the currently known imaged planets. It represents a particularly interesting case to study the presence of clouds as a function of particle
" size, composition, and location in the atmosphere, to search for signatures of non-equilibrium chemistry, and finally to test the theory of planet
@) formation and evolution.

":I Key words. Techniques: Imaging and spectroscopy - Star: HIP65426 - Planets and Satellites: detection, fundamental parameters, atmospheres
>

D% 1. Introduction systems with coronagraphic and differential imaging techniques.
. . . . They offer unprecedented detection, astrometric and spectropho-

More than a decade of direct imaging surveys targeting several  ymeric capabilities which allow us to discover and charac-
hundreds of young, nearby stars have revealed that the occur- (o760 fainter and closer giant planets like the recent discovery
rence of giant planets at wide orbits (= 20 — 40 au) is relatively ¢ 51 Erib (2 Myyp at 14 au, T5-type, of age 20 Myr; [Macin-

low (e.g Bowler|2016). Despite the relatively small number of o cp=at all DOT 5. Samland et al. 2017). The SHINE (SpHere
discoveries compared with other techniques like radial velocity  [Nfrared survey for Exoplanets) survey aims at imaging 600

and transit, each new imaged giant planet has brought unique  y,yne nearby stars as part of the SPHERE Guaranteed Time
clues on the formation, evolution and physics of young Jupiters.  pceryations. In this survey, we observed the close environment

The latest generation of planet imagers, SPHERE (Beuzit et a'l. of the young, star HIP 65426. The deep coronographic near-
2008), GPI (Macintosh et al.[[2014) and SCEXAO (Jovanovic| infrared observations revealed the presence of a young, warm,

et al.|2016), now combine innovative extreme adaptive optics .4 dusty L5-L7 massive jovian planet, hereafter HIP 65426 b,
located at about 92 au (projected distance). We describe below
the observing set-up and data reduction, the physical properties

* Based on observations collected at La Silla and Paranal Observa-
tory, ESO (Chile) Program ID: 097.C-0865 and 098.C-0209 (SPHERE).
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of HIP 65426 b, and finally discuss this new discovery in com-
parison to other imaged planetary systems and current planet for-
mation and evolution theories.

2. Host star properties

HIP 65426 is an A2-type (H = 6.853 + 0.049 mag, Cutr1 et al.
2003; d = 111.4 £ 3.8 pc, |Gaia Collaboration et al.[2016) mem-
ber of the Lower Centaurus-Crux (hereafter LCC) association
(de Zeeuw et al.|1999; Rizzuto et al.|2011). A detailed summary
of the main stellar properties as found in the literature is given
in App.[Al To refine them, the star was observed with HARPS
(Mayor et al.|[2003) on January 16th, 17th and 18th, 2017ﬂ
We measured the stellar absolute radial and projected rotational
velocities using a custom cross-correlation function procedure
specifically tailored for fast-rotating early-type stars. Respective
values of V,zg = 5.2 + 1.3km.s™! and vsini = 299 + 9km.s~!
were found (App.[B). A marginally significant radial velocity
difference was found between the three epochs. This proba-
bly arose from stellar pulsations as suggested by the period-
icity (P ~ 0.135days) found from the Hipparcos photomet-
ric time series. HIP 65426 is one of the fastest rotators known
with similar spectral type (Zorec & Royer|[2012) and is there-
fore likely viewed along mid- to high-inclinations with respect
to the rotation axis. Given its spectral type, the observed colors
of HIP 65426 suggest a small value of reddening consistent with
Chen et al.|(2012). Assuming a metallicity for the LCC that is
close to solar (Viana Almeida et al.[2009)), theoretical isochrones
predict an age of 14+4 Myr for LCC members in the vicinity
of HIP 65426 (see App.[A). SPHERE and HARPS observations
do not show evidence of binarity (App.[C). Finally, according to
Chen et al.|(2012), no IR excess is reported for this star. Our own
SED analysis confirms this finding with only a tentative marginal
excess at WISE W4 (see App.[D).

3. Observations and data reduction

HIP 65426 was observed on May 30th, 2016 under unstable con-
ditions (strong wind) with SPHERE. The observations were then
repeated on June 26th, 2016. The data were acquired in IRDIFS
pupil-tracking mode with the 185 mas diameter apodized-Lyot
coronograph (Carbillet et al.|2011; |Guerri et al.|2011), using si-
multaneously IRDIS (Dohlen et al.|[2008) in dual-band imag-
ing mode (Vigan et al.|2010) with the H,Hj3 filters (1, =
1.593 £0.055 pum; Ay, = 1.667 £0.056 um), and the IFS integral
field spectrograph (Claudi et al.2008) in ¥ — J (0.95 — 1.35 um,
R, = 54) mode. The calibration observations for the star posi-
tion behind the coronagraph and the point spread function were
taken at the beginning and the end of the sequence. In the deep
coronagraphic images, four faint candidates were detected in the
close vicinity of HIP 65426. The companion candidate located
at about 830 mas and position angle of 150° (hereafter cc-0) re-
vealed promising photometric properties and had a peculiar po-
sition in the color-magnitude diagrams used to rank the SHINE
candidates. The source was then re-observed on February 7th,
2017 with the same IRDIFS mode to test that this close candi-
date is comoving with HIP 65426. On February 9th 2017, the
IRDIFS-EXT mode was used with IRDIS in the K; K, filters
(g, = 2.1025 £ 0.1020 um; Ak, = 2.2550 + 0.1090 um) and
IFS in Y — H (0.97 — 1.66 um, R, = 30) to further constrain
the planet physical and spectral properties. The details of the
observing settings and conditions at all epochs are described in

! HARPS Program ID 098.C-0739(A)
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Table[E.T|of App.[E} To calibrate the IRDIS and IFS datasets, an
astrometric field 47 Tuc was observed. The platescale and True
North solution at each epoch are reported in Table [E.T] They are
derived from the long-term analysis of the SHINE astrometric
calibration described by Maire et al.[(2016).

All IRDIS and IFS datasets were reduced at the SPHERE
Data Centelﬂ (DC) using the SPHERE Data Reduction and Han-
dling (DRH) automated pipeline (Pavlov et al.|2008]). Basic cor-
rections for bad pixels, dark current, flat field were applied. For
IFS, the SPHERE-DC complemented the DRH pipeline with ad-
ditional steps that improve the wavelength calibration and the
cross-talk and bad pixel correction (Mesa et al. 2015). The prod-
ucts were then used as input of the SHINE Specal pipeline
which applies anamorphism correction and flux normalization,
followed by applying different angular and spectral differential
imaging algorithms (Galicher et al. 2017, in prep). For the Febru-
ary 7th 2017 and February 9th 2017 datasets, we took advan-
tage of the waftle-spot registration to apply a frame-to-frame re-
centering. The TLOCI (Marois et al.[2014) and PCA (Soummer|
et al.[[2012; /Amara & Quanz2012)) algorithms were specifically
used on angular differential imaging data (i.e without applying
any combined spectral differential processing) given the rela-
tively good SNR (10 — 30 in the individual IFS channels, > 50
with IRDIS) detection of cc-0. Its position and spectra were ex-
tracted using injected fake planets and planetary signature tem-
plates to take into account any biases related to the data pro-
cessing. Both algorithms gave consistent results. The resulting
extracted TLOCI images from IFS and IRDIS for the February
7th, 2017 epoch are shown in Figure[T}

IFS-YJ (Feb 7th, 2017) IRDIS-H2H3 (Feb 7th, 2017)

;

Fig. 1. Left: IFS YJ-band TLOCI image of HIP 65426 A and b from
February 7th 2017. The planet is well detected at a separation of 830 +
3 mas and position angle of 150.0 + 0.3 deg from HIP 65426. Right:
IRDIS H,H; combined TLOCI image of HIP 65426 A and b for the
same night. In both images, North is up and East is left.

4. Results
4.1. Companionship confirmation

To test the physical association of cc-0, multi-epoch measure-
ments showing a shared motion (if non-negligible) with the stel-
lar host is a first robust diagnostic before resolving orbital mo-
tion. We therefore used the IRDIS observations of June 26th,
2016 and February 7th and 9th, 2017. We did not consider the
first observation of May, 30th 2016 epoch which was acquired
under unstable conditions. The astrometric uncertainties are de-
rived at each epoch by quadratically summing errors from the

2 http://sphere.osug.fr
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Fig. 2. IRDIS multi-epoch measurements of the position of

HIP 65426 b relative to HIP 65426 in blue from June 26th 2016 and
February 7th 2017 in H, and February 9th 2017 in K. Predictions of the
relative position of a stationary background contaminant for the same
observing epochs are shown in pink and in black for the continuous
evolutive predictions in time.

stellar position calibrated with the waffle-spots, the candidate
extracted position with Specal and the uncertainties related to
the initial pupil-offset rotation, the platescale and True North,
the anamorphism and the IRDIS dithering. The photometric re-
sults obtained with both IRDIS and IFS are given in Table[F]|
of App.considering the SPHERE filter transmissionsﬂ The as-
trometric results obtained with IRDIS are reported in Table[F.I]
and in Figure[2] Consistent astrometric results were found with
IFS. They both unambiguously confirm that cc-0 is not a station-
ary background contaminant but is comoving with HIP 65426
therefore likely a planet (hereafter HIP 65426 b). One additional
close candidate (cc-1) located at 2495 mas provides a robust con-
trol of our astrometric analysis and is confirmed as a station-
ary background contaminant. The nature of the two other can-
didates (cc-2 and cc-3) at larger separations remains to be clari-
fied (considering the astrometric error bars), but their position in
the color-magnitude diagram indicates that they are very likely
background objects (see Figure[F.1] of App.[F). The relative as-
trometry and photometry for these additional candidates are re-
ported in Table[F2] of App.[H for June 26th, 2016. No signifi-
cant orbital motion for HIP 65426 b is measured in the present
data. This is consistent with the expected long orbital period
(P ~ 600 yr for a circular orbit with semi-major axis equal to the
projected separation). Finally, the probability of having at least
one background contaminant of similar brightness or brigther at
the same separation than HIP 65426 b and with proper motion
less than 5 o deviant from the HIP 65426 proper motion is less
than 1% given the galactitic coordinates of HIP 65426 and the
predicted space and velocity distribution of field stars from the
Galaxia galactic population model of [Sharma et al.| (201 1).

4.2. Spectral typing analysis

The TLOCI extracted spectro-photometric measurements of
HIP 65426 b between 0.95 to 2.26 um (converted to physical

fluxes using the VOSAE] tool) are reported in Figure We com-
pared them to a large variety of reference low-resolution spec-
tra of late-M and L dwarfs compiled from the literature (Bur-
gasser|2014; Best et al.[2015} [Mace et al.[[2013} |Allers & Liu
2013)) as well as spectra of young imaged exoplanets and brown
dwarfs close to the L/T transition (Patience et al.|[2010; [Zurlo
et al.[2016; [De Rosa et al.|2014; |Artigau et al.| 2015} |Gauzal
et al.|[2015). We considered the G goodness-of-fit indicator de-
fined in Cushing et al. (2008) which accounts for the filter and
spectral channel widths to compare each of the template spec-
tra to the spectrophotometric datapoints of HIP 65426b. The
best empirical fits are obtained for the young LS and L7 dwarfs
2MASS J035523.37+113343.7 and PSO J057.2893+15.2433 re-
cently identified as candidate members of the young, moving
groups AB Doradus (50 — 150 Myr) and 8 Pictoris (20 — 30 Myr),
respectively, (Faherty et al.[[2013} [Liu et al.[2013] [Best et al.
2015) and the dusty L6 dwarf 2MASS J21481628+4003593
(Looper et al|[2008). Figure[3] shows how well they reproduce
the near-infrared slope of the spectrum of HIP 65426 b between
0.95 to 2.26 um as well as the water absorption at 1.33 um. This
comparison confirms a low surface-gravity atmosphere of spec-
tral type L6 + 1 for HIP 65426 b consistent with a young massive
planet at the age of the LCC.

4.3. Physical properties

Using a bolometric correction derived from the ones found
by (Filippazzo et al.|2015) for the dusty L5 to L7.5 dwarfs
2MASS J21481628+4003593, 2MASSJ035523.37+113343.7,
PSOJ318.5338-22.8603, and WISEPJ004701.06+680352.1,
we derive a bolometric luminosity of —4.06 + 0.10dex for
HIP 65426 b. Considering an age of 14 + 4 Myr and a distance of
111.4+3.8 pc, it converts into the following predicted masses, ef-
fective temperatures and radii by the Lyon’s group hot-start mod-
els: M = 73 Myyp, Ter = 15007200 K and R = 1.5 + 0.1 Ry, for
the CONDO3 models (Baraffe et al.|[2003) and M = 10 + 2 My,
Tt = 1500388 K and R = 1.5 = 0.1 Ry, for the DUSTY mod-
els (Chabrier et al.|2000). Consistent results are found with the
models of[Mordasini|(2013) for the hot-start solutions and higher
masses for the warm-start solutions (M = 12 My,p, Ter = 1260 K
and R = 1.3 Ry,). To further explore the physical properties
of HIP 65426 b, we compared our data to the synthetic grids of
three atmospheric models previously used in the characteriza-
tion of the planets around HR 8799 (Bonnefoy et al.[2016). They
are the Exo-REM models (Baudino et al.|[2015), the 2014 ver-
sion of the PHOENIX BT-Settl atmospheric models described
in |[Allard (2014) and [Baraffe et al.| (2015) and the thick AE
cloud parametric models of Madhusudhan et al. (2011). The
best fits for each grid are reported in Figure[3] The Exo-REM
and PHOENIX BT-Settl models favor an effective temperature
of Teg = 1600* 190K, slightly higher than the one derived by
the semi-empirical scale of (Filippazzo et al.|2015) for young
L6+ 1 (Teg = 1200 — 1400 K), but consistent with the evolution-
ary model predictions. They however favor high surface gravity
solutions of log(g) = 4.0 — 5.0 with smaller radii (1.0 — 1.3 Ryp).
On the contrary, the thick AE cloud parametric models that pre-
dict solutions with Ty = 1200 + 100K and log(g) = 3.5 re-
produce the spectral morphology but predict luminosities which
are too low, thus leading to radii above the evolutionary model
predictions (~ 1.8 Ryyp).

The inferred chemical and physical properties of
HIP 65426 b place this new planet in a very interesting se-

3 https://www.eso.org/sci/facilities/paranal/instruments/sphere/inst/filters.Htrhitp://svo2.cab.inta-csic.es/theory/vosa/
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Fig. 3. Near-infrared spectrum of HIP 65426 b extracted with TLOCI
compared with (i) the best-fit empirical spectra in pink, and (ii) the best-
fit model atmosphere from the Exo-REM, PHOENIX BT-Settl-2014
and thick AE cloud atmospheric models in blue.

quence of young brown dwarfs and exoplanets discovered in
the 5 — 20 Myr-old Scorpius-Centaurus association (hereafter
Sco-Cen). It is lighter and cooler than the late-M brown
dwarf companions discovered by |Aller et al.| (2013); Hinkley
et al| (2015) and the massive planetary mass companions
GSC06214-00210b (14 — 17 My,, at 320 au; M9 at 5 Myr;
Lachapelle et al| 2015 [Ireland et al. [2011]), UScoCTIO 108 b
(6 — 16 My, at 670 au; M9.5 at 5 Myr; Bonnefoy et al.|[2014;
Béjar et al.| [2008), HD 106906b (11 My, at 650 au; L2.5 at
13 Myr; Bailey et al|[2014) and IRXSJ160929.1-210524 b
(7 — 12 Mjyyp at 330 au; L2 — 4 at 5 Myr; Lachapelle et al.[2015]
Manjavacas et al.|22014} [Lafreniere et al./[2008). On the other
hand, HIP 65426 b is probably more massive and hotter than
the planet HD 95086b (4 — 5 My, at 56 au, L8-type, 17 Myr;
Rameau et al.|[2013). This spectral and physical sequence is
particularly interesting to study the main phase of transitions
occurring in the atmosphere of brown dwarfs and exoplanets and
influencing their spectra and luminosity, such as the formation
of clouds and their properties as a function of particle size,
composition, and location in the atmosphere or the role of
non-equilibrium chemistry processes. Further characterization
in the thermal-infrared domain with JWST or ground-based
instrument like NaCo will allow us to explore in more detail
the young planetary atmosphere of HIP65426b. Dedicated
photometric variability monitoring would be also opportune as
HIP 65426 b shares a similar spectral type and young age as the
two highest-amplitude (7-10%) variable L-type dwarfs known
(PSOJ318.5-22, L7 member of 8 Pic, Biller et al.| 2015} [Liu
et al.[2013)) and WISE 0047, L6.5 member of AB Dor,|Lew et al.
2016; |Gizis et al.|[2012) and as radial velocity measurements
suggest that we may be observing the system close to edge-on.
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Fig. 4. Top: SPHERE IFS and IRDIS 50 detection limits as a function
of the angular separation taken from February 7th and 9th, 2017. Bot-
tom: SPHERE IFS and IRDIS 50 detection limits converted in terms of
masses using DUSTY model predictions as a function of the projected
physical separation. For IFS, different spectral energy distributions were
considered for the injected planets to explore the impact of the flux loss
cancellation and different planet properties in the final detection limits.
Contrast curves were cut at 0.15” because of the low transmission of
the coronagraph. The location and the predicted mass by the DUSTY
models of HIP 65426 b are reported.

5. Discussion

HIP 654260 is today the first planet discovered with SPHERE.
The planet is orbiting at a relatively large projected physical
distance of about 92au from the intermediate-mass primary
HIP 65426. Contrary to most of the young, intermediate-mass
stars hosting an imaged planet, no evidence of a debris disk, trac-
ing the reprocessed dust of the primordial protoplanetary disk,
has been found for HIP 65426. The analysis of the optical to mid-
infrared photometry shows that, if the star is still hosting a debris
disk, it would be located at distances larger than 100 au (i.e. far-
ther out than the planet location) and with an upper limit to the
dust mass of 3.2 x 10~ My, (see App. @) No signs of multiplic-
ity have been observed so far for HIP 65426, which could have
explained a rapid dispersal of the primordial protoplanetary disk,
but this should still be investigated. Another intriguing aspect of
the system is that HIP 65426 is an extremely fast-rotator as evi-
denced by our HARPS observations. No similar cases are known
among the Sco-Cen and young, nearby intermediate-mass as-
sociation members, neither among the intermediate-mass pri-
maries hosting young imaged giant planets (see App. [B)). Al-
though fast stellar rotation is consistent with the picture of a
rapid disk dispersal disabling disk-braking, planetary formation
must have time to occur to explain the formation of HIP 65426 b.
The planet location and the very low planet-to-star mass ratio
(g ~ 0.004) would not favor a formation by core accretion unless
HIP 65426 b formed significantly closer to the star followed by a
planet-planet scattering event. An increased of angular momen-
tum by engulfing the inner massive scatterer could explain the
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fast rotation of HIP 65426, but this remains to be tested by ded-
icated simulations. From our observations, we cannot exclude
the presence of unseen inner massive planets in that system that
could have scattered out HIP 65426 b. However, our current de-
tection limits set relatively good constraints on their possible
masses (< 5 My, beyond 20 au), as shown in Figure As a con-
sequence of a scattering event, the orbit of HIP 65426 b would be
also rather eccentric which could be probed with further astro-
metric monitoring. If formed in-situ at its current location, for-
mation by disk instability would be a better alternative, which
would be consistent with the metallicity of the host star not en-
hanced with respect to the solar value. Finally, the formation of
an extreme mass-ratio binary by gravo-turbulent fragmentation
(Hennebelle & Chabrier|2011) cannot be totally excluded.
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Appendix A: Isochronal ages of HIP 65426 and
neighbour stars

Adopting the values from Table[A.T] the placement in absolute
magnitude in V-band versus effective temperature diagram and
comparison with theoretical models by [Bressan et al. (2012)
yields an age of 9-10 Myr when adopting the Gaia DRI par-
allax (see Fig.[A.T). This is slightly younger than the commonly
adopted age for LCC (17 Myr). However, recent results high-
light the existence of significant age differences at various loca-
tions within the Sco-Cen sub-groups (Fang et al.[2017} [Pecaut &
Mamajek|2016).

Table A.1. Stellar parameters of HIP 65426.

Parameter Value References

V (mag) 7.01 Hipparcos®

B -V (mag) 0.093 Hipparcos®

V — I (mag) 0.11 Hipparcos®

J (mag) 6.826+0.019  2MASS?

H (mag) 6.853+0.049  2MASS?

K (mag) 6.771+£0.018  2MASS?

Parallax (mas) 8.98+0.30 Gaia DRI*

Ha (mas.yr‘l) -33.923+0.030  Gaia DRI¢

Uy (mas.yr™!) -18.955+0.031 Gaia DRI

RV (km.s™!) -5.2+1.3 this paper

SpT A2V

Terr (K) 8840+200 SpT+Pecaut calib.

E(B-V) 0.01+0.01 this paper

vsini (km.s™) 299+9 this paper

Age (Myr) 14+ this paper

M0 (M) 1.96+0.04 this paper

Ry (Ro) 1.77+0.05 this paper
References: (a)Perryman et al.[ 1997} (b)|Cutri et al. 2003} (c)|Gaia Collaboration et al.,
2016)

To further refine the age estimate, we considered additional
stars physically close to HIP 65426 and with similar kinematic
parameters. We selected from Gaia DRI stars within 5° from
HIP 65426, with parallax within 1 mas, and proper motion within
6 mas.yr~!. This search returned a total of 15 objects. Eight of
these were previously known as LCC members. The seven stars
without RV determination from the literature were observed with
FEROS spectrograph at 2.2m telescope at La Silla as part of
MPIA observing timeﬂ Full results of these observations will
be presented in a future publication. All the selected stars are
probable members of the Sco-Cen group, as resulting from RV,
signatures of fast rotation and activity or lithium from data avail-
able in the literature or from our FEROS spectra. The maximum
space velocity difference with respect to HIP 65426 amounts to
12.9 km.s™!. Two stars, namely HIP 64044 and TYC 8653-1060-
1, have kinematic values very close to those of HIP 65426 (space
velocity difference of 2.1 and 0.9 km.s™!, respectively). How-
ever, being at a projected separation larger than 2.9° they do
not form a bound system with HIP 65426. Fig. [A.T] shows the
absolute magnitude in V-band versus effective temperature dia-
gram for HIP 65426 and stars within 5° with similar distance
and kinematics and comparison with theoretical models. Effec-
tive temperatures and reddening have been derived from spectral

3> Program ID 098.A-9007(A)

@ HIP 65426

Lo b o e b b ooy

7:
10000

9000

8000 7000

Terr (K)

6000 5000 4000

Fig. A.1. Absolute magnitude in V-band versus effective temperature
diagram for HIP 65426 and stars within 5° with similar distance and
kinematics. Blue circles: HIP 65426 and two stars with space velocity
difference smaller than 3 km.s™'. Red circles: stars with space velocity
difference with respect to HIP 65426 between 3 to 10km.s™'. Empty
circles: stars with space velocity difference larger than 10 km.s™!. The 5,
12, 20, 30, 70 Myr solar-metallicity isochrones by Bressan et al. (2012)
are overplotted and labeled individually.

types using the calibration of |Pecaut & Mamajek|(2013)). The re-
sult of this comparison shows that the typical age of LCC stars
in the surroundings of HIP 65426 is of the order of 12-16 Myr.
This is fully consistent with the Sco-Cen age map by |Pecaut
& Mamajek] (2016), that yields an age of 14 Myr at the posi-
tion of HIP 65426 using a complementary approach (much larger
number of stars extending to fainter magnitude but relying on
kinematic parallaxes, while we used the Gaia trigonometric val-
ues). The nominal color-magnitude diagram age of HIP 65426
is younger (9-10 Myr). This is most likely due to the alteration
induced by its very fast rotational velocity (David & Hillenbrand
2015). Therefore, an age of 14+4 Myr is adopted for this star.

Appendix B: Stellar rotation

We derived radial and rotational velocity of HIP 65426 from
HARPS spectra acquired during the nights of January 16, 17,
and 18, 2017. The spectra have a resolution of 115000 and cover
the spectral range from 380 to 690 nm. We obtained sequences of
2,7, and 5 exposures of 5 min each during the three nights. The
spectra were reduced using the HARPS pipeline that provides
unidimensional spectra sampled in uniform wavelength step. We
summed the spectra for each night to provide higher SNR dataset
minimizing the short-term variations due to pulsations.

To test the methodology, we also applied the same procedure
to a number of additional A2V stars with archived HARPS spec-
tra. The results make use of a standard cross-correlation func-
tion method that exploits a binary mask. We considered two sets
of lines: (i) six strong lines (Ca II K and 5 H lines from Hp to
HO9, excluding He); we used the rotationally broadened core of
the lines and (ii) 35 atomic lines. The average radial velocity
found (5.2 + 1.3 km.s™!) is close to the literature value (3.1 +1.2
km.s™!). There is a small difference between the radial velocities
in the different dates (rm.s. ~ 1.3 km.s™!). However, we think
that this results neither supports nor contradicts the hypothesis
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Fig. B.1. Run of the vsini values as a function of the effective temper-
ature for “normal” stars in the catalogue by Zorec et al. (2012: open
grey circles). The red filled circle is HIP 65426. Overimposed are single
(pink circles) and binary (green circles) stars in the Sco-Cen associa-
tion. Stars in the g8 Pic group are also shown (blue filled circles).

that HIP 65426 is a binary. We derived a very high projected ro-
tational velocity of vsini = 299 + 9km.s~!. This value is at the
upper limit of the distribution of rotational velocities for A2V
stars. The extracted values of RV and vsini are consistent with
literature values within the error bars.

If we examine the catalogue by Zorec & Royer (2012), there
is no A2V star with vsini > 280km.s™! among 119 entries. If
we extend the sample by one spectral subclass (A1V-A3V), there
is only one A1V star with a vsini > 280km.s™! (a close binary)
over 368 entries. HIP 65426 is therefore an exceptionally fast
rotator. Figure[B.T|compares the v sin i value for HIP 65426 with
values obtained for “normal” stars (i.e., bonafide single stars) in
the Zorec et al. (2012) catalogue. For comparison, we also plot-
ted single and binary stars in the Sco-Cen association and stars
in the B Pic group that have similar ages. In these last cases, we
also considered vsini values from Glebocki et al. (2005) and
Chen (2011) catalogues, after correcting them on the same scale
as that of the Zorec et al. catalogue. The effective temperatures
for these stars were obtained from the B-V colours, after cali-
brating with those from the Zorec catalogue. The peculiar nature
of HIP 65426 is quite obvious from this figure. Also, note that
the rotational velocities for single late-B and early-A stars in the
Sco-Cen association and in the 8 Pic group matches well typical
values for the “normal” stars in the Zorec et al. (2012) catalogue
(while binaries typically rotates slower, as also found for field
stars). This suggests that stars with mass similar or larger than
HIP 65426 have already reached the Zero Age Main Sequence
in these associations. HIP 65426 is exceptional with respect to
both the Sco-Cen association and the field star population.

Appendix C: Binarity

HIP 65426 is listed as a close visual binary (separation 0.15-
0.3 arcsec, A ~ 0.1 mag) in the Washington Double Star Catalog
(Mason et al.|2001)). We retrieved the individual measurements
(kindly provided by Dr. B. Mason), that consist in seven entries
between 1926 to 1933 followed by a series of non-detections.
There are no indications of close companions in the SPHERE
images, including the non-coronagraphic sequence used for pho-
tometric calibrations, allowing us to rule out the presence of
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equal-luminosity companions down to a projected separation of
40 mas. Furthermore, the HARPS spectra do not show indica-
tions of multiple components. Finally, an equal-luminosity bi-
nary would imply an unphysical position on color-magnitude di-
agram below main sequence. We thus consider it plausible that
the previously claimed detection is spurious and consider that
we do not find any sign of binarity for HIP 65426.

Appendix D: Upper limits on the dust mass

Chen et al.|(2012) reported a non-detection of any mid-IR excess
around HIP 65426. They reported a Spitzer/MIPS upper limit at
70 um of 11.4 mJy. Given that the star is young, and that this up-
per limit does not reach the photospheric flux (~ 1.5 mJy), we try
to estimate the upper limit for the dust mass around HIP 65426.
We gather the optical to mid-IR photometry of the star using
VOSAE] (Bayo et al.|2008). For the given stellar luminosity and
mass (17.3 Ly and 1.95 M, respectively) we estimate the size
of dust grains that would still be on bound orbits around the
star. We use optical constant of astro-silicates ((Draine|2003)),
and we compute the radiation pressure to gravitational forces
ratio as in [Burns et al.| (1979). We find that for this composi-
tion, grains larger than spjow ~ 3.1 um should remain on bound
orbits around the star. To estimate the possible configurations
for a debris disk to remain compatible with the mid- and far-
IR observations, we compute a series of disk models (similar
to (Olofsson et al.[2016)). We consider a grain size distribu-
tion of the form dn(s) o s37ds, between Smin = Spiow and
Smax = 1 mm. We sample 100 r; values for the radial distance
between 10 and 200 au. For each r;, we consider a disk model
between 0.9 X r; < r; < 1.1 X r;. We then slowly increase the
mass of the disk until the thermal emission (plus the stellar con-
tribution) is larger than either the WISE/W4 22 ym point or the
Spitzer/MIPS 70 um point. With this exercise we can therefore
delimit a region in the r-Mg,s plane where debris disks could
exist and remain undetected with the current observations (see
Fig.[D.1I). Overall, with our assumptions on the radial extent of
the debris disk, we find that it would have to be less massive that
1073 My, at about 100 au from the star.

102 4

1073 4

Mdust [M@]

1074 A

10! 102
r [au]

Fig. D.1. The blue-shaded area shows the region in the r-Mg, plane,
in which a debris disk could be present and remain compatible with the
mid- and far-IR observations.

% http://svo2.cab.inta-csic.es/theory/vosa/
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Appendix E: Observing Log

Appendix F: Astrometric and photometric detailed

results

HD 106906 b
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Fig. F.1. Color-magnitude diagram considering the SPHERE/IRDIS H,
and H; photometry. HIP 65426 is indicated with error bars in red and

the other companion candidates are shown in blue.
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Table E.1. Obs Log of VLT/SPHERE observations

UT Date Instr.  Filter ~ DIT* Ng, An* o Strehl? Airm. True North Platescale

(s) ¢ ) @Léum ©) (mas/pixel)
oso0ls DS My e M2 062 060 Lz T st oo
deoeo0ls DIS My e 73 22 05 060 LI Tl st 0o
o0l Whis Hams e om0 M2 03 08 L T st s oo
o0y WoIs KUK e s 91 045 076 L T e e« 000w

(a) DIT refers to the integration time, Nex,, to the total number of frames in the final mastercube, Ax to the parallactic angle range during the sequence. The seeing (w) and the Strehl
ratio conditions were calculated by the SPHERE extreme-adaptive optics system. (b) The two values of platescale correpond to the platescale estimated for both dual-band filters

indicated in the Filter column.

Table E.1. IRDIS relative astrometric measurements of HIP 65426 b to
HIP 65426 and IRDIS and IFS relative photometric contrast and abso-
lute magnitudes for HIP 65426 b. The composite J,rs-band is estimated
between 1.20 and 1.32 um.

UT Date Filter = Separation (mas) P.A. (deg)
30/05/2016 H, 8304 +49 150.28 + 0.22
26/06/2016 H, 830.1 £3.2 150.14 £ 0.17
07/02/2017 H, 827.6 £ 1.5 150.11 £ 0.15
09/02/2017 K 828.8+1.5 150.05 £ 0.16

A (mag) M s (mag)

07/02/2017  Jamass 12.67 = 0.40 14.26 + 0.42
Jirs 12.18 £ 0.08 13.78 £ 0.11

07/02/2017 H, 11.14 £ 0.05 12.76 = 0.11
07/02/2017 H; 10.78 = 0.06 12.39 £ 0.12
09/02/2017 K 10.01 £ 0.31 11.55+0.33
09/02/2017 K> 9.69 +0.31 11.22 +0.33

Table F.2. IRDIS H, relative astrometric and photometric measure-
ments of June 26th, 2016 for the additional companion candidates in
the field.

Cand. Separation (mas) P.A. (deg) A (mag)
cc-1 24947 + 12.2 11742 +£0.28 15.6+0.2
cc-2 3973.1+ 144 30791 +023 162+0.5
cc-3 6752.6 £ 11.3 304.28 +0.15 14.1+0.2
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