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ABSTRACT

Context. In 2010 a sub-stellar companion to the solar analog pre-seguence star PZ Tel and member of the about 12 Myr old
B Pic moving group was found by high-contrast direct imagimdgependently by two teams.

Aims. In order to determine the basic parameters of this compamiome precisely and independent of evolutionary modelscdien
age independent, we obtained follow-up spectroscopicreatens of primary and companion.

Methods. We use the Spectrograph for INtegral Field ObservationsérNear Infrared (SINFONI) at the Very Large Telescope Unit
4/YEPUN of ESO’s Paranal Observatory inrK band and process the data using the spectral deconvotetitbnique. The resulting
spectrum of the companion is then compared to a gridrefEPaoENix Synthetic model spectra, a combination of a general-perpos
model atmosphere code with a non-equilibrium, stationtoyctand dust model, usingy@ minimization analysis.

Results. We find a best fitting spectral type of G6.5 for PZ Tel A. The agted spectrum of the sub-stellar companion, at a spatial

position compatible with earlier orbit estimates, yieldsmperature &= 2500*13¢K, a visual extinctiom,= 0.53"282 mag, a surface
gravity of logg= 3.50°33% dex, and a metallicity at the edge of the grid of/fj= 0.3Q 30 dex.

Conclusions. We derive a luminosity of lod(,/Lo)=-2.66'5%, a radius of R 2.42328 R;,, and a mass of M7.5"159 My, for the
PZ Tel companion, being consistent with most earlier eggmasing photometry alone. Combining our results with wvahary
models, we find a best fitting mass of about 21 Jupiter massas a&je corresponding to the recently determined lithiuntediep

age of 74 Myr. Hence, the PZ Tel companion is most likely a wide browradvwecompanion in the 12 Myr old 8 Pic moving group.
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QO 1. Introduction bris disk. On the basis of further astrometric data Mugrane.

_ ) i . (2012) could show that the preliminary determined orbit p
< In 2010 two groups performing high-contrast direct imagzsmeters of the PZ Tel companion are compatible with this dis
O o SUVEYS around young nearby stars (Mugrauerietal.| 204@ing circumbinary (around both components), but not with b

Biller et al. [2010) independently reported the discoveryaof jnq circumstellar, and that a semimajor axis of the neargyeedn
sub-stellar companion around the young solar analog pie-ma it not exceeding 25 au is likely.
1 'sequence star PZ Tel (HD 174429, HIP 92680), a likely mem-

~ ber of the 128 Myr old 8 Pic moving groupl(Zuckerman et/al. i ) .
= 12001;[Torres et al. 2006) having a spectral type of G5 — K& Both [Biller et al. (2010) using NICI at Gemini-South and

(Spencer Jones & Jackson 1936: Messinalét al.|2010) at anMy@rauer etal.[(2010) using NACO at ESO VLT concluded
from photometric data in their discovery papers that the im-

riged object is likely a brown dwarf companion to BePic
moving group member PZ Tel. Biller etlal. (2010) find best fit-
ting parameters of 270284 K and log g of 4.2@-0.11 dex,

(G ‘of 12.8+ 2.2 Myr (Tetzlaf et al[2011).

While not detectable in 2003 because of its proximity to t
host star|(Masciadri et al. 2005), the sub-stellar compawnias
first observed on its orbit in 2007 at a projected separatfon . 5 ; .
0.255 arcsec (13 au at 51%2.6 pc (van Leeuwen 2007)), iden-hence 366 Myup v2vh|le Mugrauergt al. (20%0) find 2500-
tified by(Mugrauer et al[ (2010) in archival datd of Chauvialet 2700 K, hence 282 Maup, both using evolutionary models
(2010) after detection at 0.337 arcsec in 2009 by Mugrauei et(Chabrier et al. 2000). Neuhauser & Schmidt (2012) noted tha
(2010)[Rebull et al[(2008) detected excess emission ispge-  given this lower mass limit, the PZ Tel companion could even
tral energy distribution of PZ Tel at 7@m with MIPS/Spitzer, D€ a planetary mass object, considering the planet defirijo

indicating the star is surrounded by a low-mass, celéll(K) de- Schneider et al| (2011). Recently, Jenkins etlal. _(2012|)/etdzr
an age of the system of 243 Myr, based on evolutionary mod-

Send gprint requests to Tobias Schmidt, e-mail:tobi@astro.uni-€lS @nd chromospheric activity of the primary, contrastiith

jena.de their own age determination ofj Myr obtained from lithium
* Based on observations made with ESO Telescopes at the laa Sliepletion. This higher age estimate yields a higltksative tem-

Paranal Observatory under programme ID 087.C-0109(A) perature 298% 100 K, surface gravity (log) 4.78+0.10 dex
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Table 1. VLT /SINFONI observation log

Object JD - 2450000 Date of DIT NDIT Number Airmass DIMM 7p
[days] observation [s] of images Seeing [ms]

PZ Tel 5795.62984 22 Aug2011 5 9 16 1.17 1.35 1.2

HIP 94378 5795.65222 22 Aug 2011 2 5 1 1.11 ~1.49 1.1

Remarks: All observations were done in+K band and 0.025 maspaxel scale (FoV: 0.8 arcsec x 0.8 arcsec). (&eential
image motion monitor (DIMM) Seeing average of all imagesdtference time of atmospheric fluctuations.

Fig. 1. Averaged data cubes obtained of the PZ Tel companion in td-bgper row and K-band lpwer row) at position angle -30 From left to
right in each row Cube after data reduction, eastern part of cube after 2rdiraral polynomial fit of the primary PSF and removal of thienairy
halo, cube after subtration of the radial symmetric parhefggrimary PSF, cube after subtration of the radial symmetit of the primary PSF
and additional spectral deconvolution. For clarity fluxrigdrted in the latter 3 images of each row. See text for detail

.

QAT

s

and mass 62 9 My, They moreover determined the metallicThe technique was developed for wider companions and the pri
ity [Fe/H] of the system to be 0.050.20 dex. mary being & the FoV, thus an overshooting polynomial re-
In order to determine the basic parameters of the PZ Tel comeval is present after application.
panion more precisely and independent of evolutionary fisode  since the primary is in the FoV this additional informa-
we obtained follow-up spectroscopy. Here we present oulees tion can be used for the removal of the primary halo. We
from these observations, targeted to identify the naturthef yse a technique called spectral deconvolution introduged b
sub-stellar companion. [Sparks & Ford[(2002) for HST data and used for the first time
for ground-based data by Thatte et al. (2007). The idea is-to r
. . move speckles and other remnants, which move with waveiengt
2. Observations and data reduction across the cube and can be distinguished from the non-moving

We used the adaptive optics integral-field spectrograph- Sif@mpanion, by rescaling the cube according to the wavetiesfgt
FONI, mounted at UT4 of the ESO VLT. The observations ¢@ch plane in the cube. Then the companion isféint posi-
the PZ Tel companion were carried out ir-K band (resolution tions at diferent wavelengfispectral channels in the new cube,
1500) using the best resolving 0.0125 yspsxel scale of the While wavelength dependent speckles and remnants remain at
instrument with a FoV of 0/8x 0.8”. Further details are sum-the same positions and can be identified using a median and re-
marized in TablElL. moved from the original cube. Please see Thattel€t al. (007)
We used the SINFONI data reduction pipeline version 2.0dstails of the technique. It, however, only works if the wave
offered by ESO[(Jung etldl. 2006) with reduction routines d&ngth coverage and the projected separation of the two cemp
veloped by the SINFONI consortium (Abuter etlal. 2006). Afte'ents have an appropriate ratio to each other, ensuringttaat
standard reduction, including dark subtraction, flat fiedglidis- companion moves enough after rescaling to remove its PSF by
tortion correction and wavelength calibration, all noggaycles Median combination of a small fraction of wavelength chasne
were combined to a final data cube. at either end of the data cube. Such a clean collapsed image de
We used théStarfinderpackage of IDL[(Diolaiti et al. 2000) Void of flux from the companion can be constructed in our case
and an updated version of an algorithm to remove the halo of Bgthee value defined in Thatte etlal. (2007) easily exceeds unity,
Tel by 2 dimensional polynomial fit of the primary PSF, botk€ing 1.83 for the projected separation of PZ Tel & its skt
described in detail in_Seifahrt et'al. (2007) dnd Schmidtlet £0mpanion (see next section).
(2008). The data quality of July 2011 was too bad for the datat In a first step we have to remove the strongest part of the in-
be used in general, however for the data of August 2011 we faence of the halo of the primary, as the halo full width sgiyn
the result presented as the second image in each row ifllFigcHanges with wavelength because of th&edéence in adaptive
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optics (AO) performance at fiierent wavelength. We achieve
that by determination and removal of the radial symmetrit pa
of the primary PSF, as can be seen in the third image of each row 3.0

3.5

in Fig.[D. The center determination and reshifting of the R&E % ,5
improved even further to the results 8farfinder(Diolaiti et all %

2000) by fitting a polynomial of 2nd degree to the x shift val- £ 20
ues of the primary PSF from spectral channel to spectralr@ian & 1.5

in the cube to suppress any rapid changes on short wavelength 10
differences. This can be neglected for y shift values as the cube
was aligned in y according to the position angle-080° of the 03 : : : : :
) . , 14 1.6 1.8 2.0 22 24

su?-stellar companion with respect to the primary for theeob Wavelength [um]
vations.

We then perform the spectral deconvolution technique usiﬁ&?- 2. Standard calibrated spectrum of PZ Tel (black) in compariso
a self-written version in IDL. To fully optimize the techniqwe 2" IRTF Spectral Library G6.5V comparison spectrum (red)@KOV
also remove the PSF of the secondary within an iterativets::pecComIOarlson spectrum (blue). See text for details.
deconvolution implementation in 10 iteration steps, aslaity
done in Thatte et al. (2007) and arrive at the final imagesdi e
row in Fig.[d. As can be seen, not all remnants could be remov&d
We note that this is expected as the r_eproducibility of srm:k 3.1. Astrometry
and similar remnants and hence thfgogency of the technique
decreases with increasing Seeing and decreasing coh¢ireece An average projected separation of 32 spaxels was found be-
both not ideal in our observations (Table 1). tween the components of the PZ Tel system. As no astrometric

As telluric standard HIP 94378, a B5V star was used faalibration of SINFONI was observed, we cannot give aceurat
H+K band. In order to correct for features of this standard stamumbers. However, 32 spaxels correspondto 0.4 arcsecthsing
the Brackety line in the K band as well as thg 6, n and: lines nominal spaxel scale of 0.012%paxel, being well in agreement
of the Bracket series in the H band were removed before udageviih the orbit determination of Mugrauer et al. (2012).
the standard. A correction temperature of 15400 K was assume
for the star, as given for a B5V |In Kenyon & Hartmamnn (1995).
We use the optimal extraction technique_ by Hotne (1986) to in-2- Spectroscopy of PZ Tel
prove the quality of the standard, as it was observed at hatllig
worse Seeing (Tablg 1).

We cannot use PSF fitting of the sub-stellar companion

Results

As PZ Tel is within the FoV, dominating the obtained flux, we
can extract a spectrum of highNs Fig.[2 shows the standard
ibrated spectrum of PZ Tel (black) in comparison to IRTF

the SN is _quite low i.n parts of the H band, hence aperture SpEASA |nfrared Telescope Facility) Spectral Library prati
troscopy is our choice. However, we realized that the spect Rayner et dl. 2009). A best fit is achieved for the G6.5V com-

shape changes withfiierent aperture sizes, a natural outcome Qf_ ; -
; X ; o> arison spectrum (red) from the spectral library, while avkK0
different Strehl ratios achlgved at _théfelrent wavelength used'(blue), as found by Holik (1993) and commonly given as spectra
Hence, we apply a correction fuction to the extracted spectr

We extract th " fthe pri tth N type (Perryman & ESA 1997), exhibits a too red spectral conti
€ extract (né spectrum ot the primary at Iné Same aperizee um. G6.5V corresponds to about 5665 K (Kenyon & Hartmann

as th_e companion and atthe maximum possib]e aperture size f'9'95), which agrees well with the temperature estimate8 562
multiply the companion spectrum by the quotient of thes€spg ™, “njjande Prieto & Lambert[(1999) and 5308—6065 K in
tra to correct for the dierences of AO performance achieved &t N

. i o Ved & iler-Jones (2011), as well as earlier spectral type deter
different wavelengths. The optimal extraction is not used 180T ations as G5 (Spencer Jones & Jackson 1936). Discrepancies
not to emphasize artificial deviations. =

Without the correction function we find temperatures forth%grld be attributed to variability, common at the youth of PZ

companion about 700 K lower than our final result. Neverthe-""

less diterent aperature sizes still giveidirent results, which can

be attributed to dferent AO performances achieved for primarg.3. Spectroscopy of the PZ Tel companion

and companion aridr remnants in the final cubes not removed

by reduction and spectral deconvolution. Because of theipro As described in the previous section extensive reductios a

ity of the companion the AO performance at primary and corgorrections had to be applied to improve the quality of the ex

panion position should be very comparable. Since we see-in #acted spectrum, including standard reduction, rotagidstrac-

dition strong and spatially close positive remnants in tHeakd, tion, spectral deconvolution, application of an AO perfamoe

artificially increasing the flux for increasing apertureesizwe correction function as well as best choice of aperture size.

conclude that these remnants are the dominant source ajeban As dust begins to condensate at temperaturgss2700

in the spectral shape in accordance with aperture size.djéme K (Tsuji et al. [ 1996; Chappelle etlal. 2005), we compare the

accuracy of the spectrum should increase with decreasieig agpectrum of the sub-stellar companion to synthetic modet-sp

ture size, while its precision gets worse. tra taking the influence of dust within a kinetic model de-
At the beginning of the H band at 1.45n, the sparrow reso- scription of the formation and evolution of dust in brown

lution limit (Sparrow 1916) is at 34.6 mas or 2.8 spaxels,deendwarfs into account (Helling et al. 2008a). The employeaD

we choose an aperture size of 2.5 spaxels. This choice guamenix models combine a non-equilibrium, stationary cloud

tees the best accuracy (without further inclusion of rentg)an model from Helling et al.. (2008b, DRIFT: Nucleation, seed fo

while a lower value would be below the resolution and comesation, growth, evaporation, gravitational settling, wective

into conflict with the precision of spatial PSF alignment &t d overshootingup-mixing, element conservation) with a general-

ferent wavelengths. purpose model atmosphere code (Hauschildt & Baron |1999,
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Fig. 3. Top: Our SINFONI spectrum of the PZ Tel companion (black) in spgceesolution 1500 in comparison to the best fitting®-Proenix
synthetic spectrum (red; same spectral resolution)£P500 K, logg= 3.5 dex, [MH]= 0.3 dex and a visual extinction é§,=0.53 mag. The
spectral range used fgf minimization is indicated by arrows as well as vertical daslines. Magnitude ierences with regard to the primary
as given in_Mugrauer et al. (2010) (blue) and Biller etlal.1@0(green) were transformed to relative fluxes using the 8A@d NICINIRI filter
transmission curves, respectively. The spectral rangbeofilters is given as dashed lines, in contrast to negligplectral error barBottom:
Absolute value of the residuals of the PZ Tel companion speciand the best model fit (black) in comparison to the detsethinoise floor
(orange). See text for details.

PHOENIX: Radiative transfer, hydrostatic equilibrium,ximig lower panel of Fig. B in comparison to the determined noisa flo
length theory, chemical equilibrium). of the spectrum (orange).

In contrast ta_Schmidt et al. (2008) we us&nf-Paoenix
v1.2, a complete grid of models with new equation of state in
the range of Tg=1000...3000K, logg=3.0...5.5 dex, and The spectral range used for th& minimization is indicated
[M/H]=-0.6...0.3 dex in steps of 100K, 0.5dex, and 0.3 dexyy arrows as well as vertical dashes lines in Elg. 3. In thésar
respectively. Moreover, we still need to account for redadgn the average Ml is 7.5 for the H- and 12.6 per spaxel for the
of our spectra by extinction. This correction is importasitiae K-band. At a resolution of 1500 in +K we derive an average
effective temperature is highly correlated with the extincfive- spectral scale of about 2.5 spaxels per resolution elerdsirig
cause both values change the slope of the spectrumlbtibdnd. this value we determine423 of 1077 data points to be indepen-
flent spectral measurements. On this basis we can calchéate t
Y° values correspondingto 1, 2 and-3ignificance of 423 - 4 (4
Rarameters to fit) degrees of freedom to be 432, 469 and 504, re
spectively, and after correction for the full number of measl
spaxels to be 1100, 1194 and 1283 for 1, 2 and Bespectively.

In order to achieve more precise best fitting values we li
early interpolated the presentkipr-Proenix v1.2 grid to step
sizes of 10K, 0.1dex, and 0.1dex in temperature, logarithm
surface gravity and logarithm of metallicity, respectyel

We used a2 minimization algorithm to find the best-fitting
combination of (a) the féective temperature, (b) the surface

ravity, (c) the metallicity, and (d) the extinction cortien of N . N
g Y, (€) y () in These significances are given as contours in[Hig. 4 for tem-

the measured spectrum, a version similar to the one used i . Do I

Schmidt et al.[(2008), but strongly improved in usabilitylarc- ]E)erature vs. visual e?<t|nctf|0n, in Figl 5 for tempera};c_uresw-
curacy, by e.g. a more precise determination of the noise dibo face gravity and in Fid.16 for temperature vs. metallicity ad-
the data, see Fif] 3. dition comparison values from the literature are given esgt

lines with 1o error bars as dashed lines, color coded for dif-

In the upper panel of Fi@l 3 we give the best fit of our spegerent authors or asd error ellipses if both values plotted were
trum (black) with a reduceg?. ; of 1.16. The (best) fitting BT given. In brown extinction of the primary PZ Tel by Bailernizs
Proenix model (red) of the companion of PZ Tel has a temper@p011), in magenta temperature, surface gravity and nietall
ture of Teg= 2500'132K, a visual extinctiorAy=0.53'38imag, ity (of the primary) as found by Jenkins ef &l. (2012), in blue
a surface gravity of Iog=3.50ﬁ8§édex, and a metallicity of temperature as found hy Mugrauer et al. (2010) and in green
[M/H]=0.30030dex. An upper limit for the metallicity cannottemperature and surface gravity as found by Biller et al1(®0
be given, as the best fitting value is at the upper edge of the ugll comparison values were determined using photometry and
model grid. To improve on the accuracy we linearly fitted 1, 2volutionary models. The extinction value of PZ Tel A had to
and 3o values to determine the finald error. In addition we be transformed to visual extinction using the formula giuen
give the absolute value of the residuals of the fit (blackhia t (Bailer-Jones 2011) as well as tarlsignificance.
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Fig. 4. Result of they? minimization analysis for the PZ Tel compan-Fig. 6. Result of they? minimization analysis for the PZ Tel compan-
ion. Plotted are the best valuasterisi and the 1, 2, and 3 sigma errorion. Plotted are the best valuasterisi and the 1, 2, and 3 sigma er-
contours for fective temperature of and optical extinctiordy, de- ror contours for &ective temperature f and metallicity [MH], de-
termined from comparison of our SINFONI spectrum and ther® termined from comparison of our SINFONI spectrum and therb
Puoenix model grid. Further the visual extinction of PZ Tel A is showrPaoenix model grid. Further the metallicity of PZ Tel A is shown as
(horizontal brown solid line), including its 1 sigma err¢dsshed lines) found byl Jenkins et all (2012) (horizontal magenta solid)litnclud-

as found by Bailer-Jones (2011). ing its 1 sigma errors (dashed lines).
5.0F ‘ ‘ ; 1 Table2. PZ Tel companion photometry and magnitudgetiences
L I <//i
4_5%//—\ li i E Source AH AKs H-Ks
T L ; ; 1 [mag] [mag] [mag]
S o400 ! ; N Biller (a,b) 5.38+0.09 5.04+0.15 0.45:0.18
PR | ] here (b) 5.90: 0.16 5.52+0.09 0.51+0.19
= 350 ; B Mugrauer (c,d) 5.5%0.09 5.34-0.06 0.29+0.12
r : ; ] here (d) 5.9 0.20 5.55+0.11 0.48:0.23
30f ‘ ‘ ! ! ‘ : maximumsys-  +<0.7 +<0.8
2200 2400 2600 2800 tematic error =<0.8 —-<05

Effective temperature [K]
Remarks: (a)Biller et al. (2010), (b) NIGNIRI filters, (c)

Fig. 5. Result of they? minimization analysis for the PZ Tel companiviaraver et al. (207 0), (d) NACO filters

ion. Plotted are the best valuasterisk and the 1, 2, and 3 sigma er-
ror contours for &ective temperature g and logarithm of the surface
gravity logg, determined from comparison of our SINFONI spectrum
and the Rurr-Paoenix model grid. Further the temperature is shown as
found by Mugrauer et al. (2010) (vertical blue solid line@yluding its 1 In Table[2 we present the measured fluffefiences be-
sigma errors (dashed lines), surface gravity and temperatfound by twe

(Biller et alll2010) (green ellipse) and by Jenkins et al1¢2qmagenta en PZ Tel and its SUb?Ste”?“ companion. Theﬂedance_s
part of ellipse). were measured as described in the previous passage, with the

single diference that now flux flierences were transformed

into magnitude dferences by the same procedure, i.e. con-
volving the spectra of PZ Tel and its sub-stellar companion
with the filter transmission curves in H- and Ks-band of NIRI,
same filters as used for the Gemini NICI planet-finding cam-
rFaign (Liu et all 2010), and the transmission curves of NACO

3.4. Photometry

In the upper panel of Fig3 photometric data points fro
Biller et all [2019) (green) and Mugrauer et al. (2010) (pare (Lenzen et al. 2003; Rousset etlal. 2003), respectivelyrdiero

?r;/ﬁgf(j%ggri?ﬁgrf'li?(n&fggicrg?%?'ﬁgdeﬁgrtensgs.rg;vp\e r;) were_to compute an H-Ks color of the PZ Tel companion, we assumed
. gard to e y con H-Ks of PZ Tel to be as measured by 2MASS (Cutri et al. 2003;
volving the spectra of PZ Tel and its sub-stellar companied) i ois ot A 2006)
with the filter transmission curves in H- and Ks-band of NIRT; - ’
same filters as used for the Gemini NICI planet-finding cam- In addition we give the maximum possible systematic errors
paign (Liu et al. 2010), and the transmission curves of NACi@ Table[2, which are present if the strongest positiegative
(Lenzen et al. 2003; Rousset etlal, 2003), respectively. #is oremnant features in Fid] 1 are superimposed onto the PZ Tel
put of the convolution we determine the corresponding fluxesmpanion spectrum. This amount of remnants is, however,
of the previously conducted photometric observations dsase unlikely. On the one hand there is no evident deformation of
the dfective spectral center of the measurements at which the sub-stellar companion’s PSF, except a brightening ridsva
points are drawn, which ffer slightly from the midpoint of the northeast (see Fifl 1), which, however, would decrease #ge m
respective filter transmission curves, whose FHWM are showitude diference between PZ Tel and its sub-stellar companion
as horizontal dashed lines in F[d. 3. Note that the full spéctin the current period (see Tallé 2). On the other hand our H-
range observed is 1.45 — 2.4B, used for the convolution, butKs color after i.a. spectral deconvolution and AO perforoean
not shown due to heavy water vapour influence in the case of tteerection, but without the consideration of systematioesy;
challenging observing conditions (Talile 1). The H-Ks cabr is only deviant by 0.7 & 0.2 with regard to the results by
the companion is constant across all measurements witBim 0.Mugrauer et al. (2010) & Biller et al. (2010), respectivelable
errors. 2).
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4. Mass determination and conclusions for the given lithium depletion age range, being within the 1

. . uncertainty of our results. However, spectra at improveskob
Using the photometry of PZ Tel A from the Two Micron Alling congitions and with longer spectral range, especiatijuid-
Sky Survey (2MASS) catalog (Cutri etial. 2003; Skrutskielet §ng alkali metal lines for a more precise surface gravityedet
2006) ofK =6.366+ 0.024 mag we can estimate all further pamination should be able to narrow down the parameters of the
rameters of the sub-stellar companion using all resulisifiite  p7 Te| companion in the future. Fortunately such spectra are
spectroscopic analysis described in the previous secNemo ncreasingly easy to acquire because of the strong ortefal s

abso]ute photometric ca!ibration is _possible with the s@ec g ation increase, probably persistent for the upcomingsyta
scopic standard, we preliminary estimate the parametettseof jocaded (Muarauer et al. 2012).

Pz Tel companion assuming negligible photometric varigbil _ _
of both sources, most Iikely not correct according to vaihiab AcknowledgemeptsWe would like to thank the ESO Paranal Team for carrying
indications presented in the previous sections out the observations as wel[ as the ESO User Support depargne all the
Indica P p : other very helpful ESO services as well as the anonymouseefior helpful

We derive a luminosity of lod(yoi/Lo)=-2.66'3.95 for the PZ  comments.

Tel companion from the extinction corrected apparent linigss We would further like to thank Marlies Meyer for helpful dissions of the at-
— 0.07 ; imospheric physics and models.

Kso= 11.86fo'10mag (from the 2MAS45 b”ghmess_' th? Magnizogs ¢ RN would like to acknowledge support from the Germarnidvel Sci-

tude diference (TablE]2)A,= O.53f8:g3 mag and extinction law ence Foundation (Deutsche Forschungsgemeinschaft, Di@ant NE 51530-

by |Rieke & Lebofsky 1985) using a bolometric correction of- NV acknowledges support by Comité Mixto ESO-Gobierno tiéeCas well

— A F Py s by the Gemini-CONICYT fund 32090027. ChH highlights ficiahsupport
B.Ck =3.1+ 0.1 mag fron Golimowski et al. (2004, for spectragf the European Community under the FP7 by an ERC starting.gra

i 4nc ( \ : P ;
type MG_LO) at a distance of 51'@7 pc (van Leeuwen 2007)' This publication makes use of data products from the Two &fickll Sky Sur-
From the luminosity and temperaturg;F 2500’:32& we cal- vey, which is a joint project of the University of Massachtsand the Infrared
. +0.03 0.28 _Processing and Analysis Cenfalifornia Institute of Technology, funded by the
cglate the radius to be:.m'257o.o4 Ro or 2'42t0.34 R_JUP' Fromra National Aeronautics and Space Administration and theddati Science Foun-
dius and surface gravity lag=3.507033 dex, we find a mass of dation. This research has made use of the VizieR catalogssidoel and the
the PZ Tel companion of MO 0071+o'.0161M® or 7.5169 MJup Simbad database, both operated at the Observatoire Sirgsfdis reasearch
: 43

i - =0.0041 - makes use of the Hipparcos Catalogue, the primary resutedfitpparcos space

For the bolometric correction we used the Spectral type C@Etrometry mission, undertaken by the European Space fg&his research
responding to the temperature range found here. Using ifle Hhas made use of NASA's Astrophysics Data System BibliogtaBervices.
index defined in_Allers et all (2007) we find a possible spéctra
range of L1.5 — L4 for the sub-stellar companion, using the:mo
ified version in Bonnefoy et al. (2014) we find a possible saéct

‘ x . L References
range of M7 — L9, roughly consistent with our findings of M6 —
L0.Bonnefoy et al. (2014) modified the index to avoid noisy ré;\ﬁuf%f, 'F__i-'_ StCh'gI?ie'I: J"bElsteBh?_uirégé' it ;/k 230502615“%?%' 50, 398
. .. . enae Prieto, C. ampert, D. L. , ’ ’

gions, definitely necessary m_the present case, as th_e attefp Allers, K. N., Jafe, D. T., Luhman, K. L., et al. 2007, ApJ. 657, 511
the H-band has the lowest signal to noise. Our derived Seirfagjer-Jones, C. A. L. 2011, MNRAS, 411, 435
gravity uncertainties are about equal to the values of O ae Biller, B. A, Liu, M. C., Wahhaj, Z., et al. 2010, ApJ, 720, 28

computed bY Bonnefoy etlal. (2014) for similar objects. Binks, A. S. & Jdfries, R. D. 2014, MNRAS, 438, L11
P ’ - ) ) | nnefoy, M., Chauvin, G., Lagrange, A.-M., et al. 2014, ARF62, A127

The derived values, diagramed in Figs[ 4—6, agree Withi”CB:iabrier, G., Barfte, I., Allard, F., & Hauschildt, P. 2000, ApJ, 542, 464
o with the extinctionAy and metallicity [MH] for PZ Tel A Chappelle, R. J., Pinfield, D. J., Steele, I. A., Dobbie, P&Magazz(, A. 2005,
by|Bailer-Jones (2011) and Jenkins et /al. (2012), respegtas hgﬂu’i‘lﬁA% 3&' r1a3r123é A-M.. Bonavita, M.. et al. 2010, AGG09, AS2
well as with the temperature by Mugrauer et al. (2010). TeMP& i r W - Skrutokio, M. F.. van Dyk, S.. et al. 2003, 2MABBSky Catalog
ature and surface gravity deviate in regard to literatutienages of point sources., ed. R. M. Cutri, M. F. Skrutskie, S. van PgkA. Beich-
by 1.2 & 1.30 (Biller et alll2010) and 2.9 & 2.5 (Jenkins et &al.  man, J. M. Carpenter, T. Chester, L. Cambresy, T. EvanswleFal. Gizis,
2012), respectively. Finally our mass result deviates & 1. E.Howard, J. Huchra, T. Jarrett, E. L. Kopan, J. D. KirkmiR. M. Light,

12 7 K. A. Marsh, H. McCallon, S. Schneider, R. Stiening, M. Sykgs Wein-
o (287" Mo Mugrauer et all 2010), by 1.6 (366 Myyp berg, W. A. Wheaton, S. Wheelock, & N. Zacarias

Biller et all 2010) and by 3.2 (62+ 9 MyypJenkins et al. 2012). piofaiti, E., Bendinelli, O., Bonaccini, D., et al. 2000, Bociety of Photo-
Although our mass estimate is independent of evolution-Optical Instrumentation Engineers (SPIE) ConferenceeSgNiol. 4007, So-

ary models, we can use them as comparison to put our result§® of Photo-Opiical Instrumentation Engineers (SPiBierence Series,
into context and to check which age is indicated by the mogdgiowski D. A. Leggett S K. Marley, M. S., et al. 2004, 127, 3516

els for our spectroscopic results. According.to_Chabrieiet Hauschildt, P. H. & Baron, E. 1999, Journal of Computaticral Applied Math-
(2000) DUSTY models best fits are achieved between 5 — l%Oﬁ_matigs, éoa, 4%4 Woitke. P.. & Hauschildt. . H. 2008@). 675. L105
i T elling, C., Denn, M., Woitke, P., auschniat, P. H. y ,
Myr isochrones, fitting our spectral results for temperfsur- J2ut < e Yo T rE b ogb, AgA, 485, e
face gravity and luminosity within @ errors. This age range iSyome K. 1986, PASP, 98, 609
consistent with the age of th@Pic moving group (122 Myr),  Houk, N. 1993, VizieR Online Data Catalog, 3051, 0
deviant from the age determined by Jenkins et al. (2012} @4 Jenkins, J. S., Pavlenko, Y. V., lvanyuk, O., et al. 2012, M¥iR420, 3587

; ; ; it ; Jung, Y., Lundin, L. K., Modigliani, A., Dobrzycka, D., & Humel, W. 2006,
Myr)’ while very well consistent with the lithium depletl(age in Astronomical Society of the Pacific Conference Seried, $61, Astro-

4
of PZ Tel A of 7' Myr by the same authors. Very recently nomical Data Analysis Software and Systems XV, ed. C. GhltZieArviset,
Binks & Jefries (2014) combined data of eight low-mass can- p. Ponz, & S. Enrique, 295
didates with literature data gfPic moving group members andKenyon, S. J. & Hartmann, L. 1995, ApJS, 101, 117

; i ; ; ; i« Lenzen, R., Hartung, M., Brandner, W.,, et al. 2003, in Preskat the Society
find a lithium depletion age of 244 Myr, being also inconsis of Photo-Optical Instrumentation Engineers (SPIE) Camifee, Vol. 4841,

tent V_Vlth the age fpund here. ) Instrument Design and Performance for Opficdtared Ground-based Tele-
Finally we arrive at a possible mass range of 3.2 — 24.4scopes. Edited by lye, Masanori; Moorwood, Alan F. M. Progegs of the
Mjup According to these estimates the PZ Tel companion is mos§P!IE, Volume 4841, pp. 944-952 (2003)., ed. M. lye & A. F. M. dwood,

; . 944-952
likely a brown dwarf of about 21 Jupiter masses, as the evo Wmc. Wahhaj, Z., Biller, B. A., et al. 2010, in Society Bhoto-Optical

tionary models reject a log= 3_-5 dexto be only Yalid for objects  |nstrumentation Engineers (SPIE) Conference Series, A&&86, Society of
younger than 1 Myr and predict a surface gravitydeg3.95dex  Photo-Optical Instrumentation Engineers (SPIE) ConfezeBeries

Article number, page 6 ¢fi 7



T. O. B. Schmidt et al.: Spectroscopic observations of thestallar companion of the young debris disk star PZ Telgisco

Masciadri, E., Mundt, R., Henning, T., Alvarez, C., & Baroagl Navascués, D.
2005, ApJ, 625, 1004

Messina, S., Desidera, S., Turatto, M., Lanzafame, A. C.,ufn@n, E. F. 2010,
A&A, 520, A15

Mugrauer, M., Roll, T., Ginski, C., et al. 2012, MNRAS, 42414

Mugrauer, M., Vogt, N., Neuhéduser, R., & Schmidt, T. O. B. @Q0A&A, 523,
L1

Neuhauser, R. & Schmidt, T. O. B. 2012, Topics in Adaptivei@pted. R. K.
Tyson (InTech)

Perryman, M. A. C. & ESA, eds. 1997, ESA Special Publicatigol. 1200,
The HIPPARCOS and TYCHO catalogues. Astrometric and phetaestar
catalogues derived from the ESA HIPPARCOS Space Astronhdisgion

Rayner, J. T., Cushing, M. C., & Vacca, W. D. 2009, ApJS, 188, 2

Rebull, L. M., Stapelfeldt, K. R., Werner, M. W., et al. 200J, 681, 1484

Rieke, G. H. & Lebofsky, M. J. 1985, ApJ, 288, 618

Rousset, G., Lacombe, F., Puget, P., et al. 2003, in Presetthe Society
of Photo-Optical Instrumentation Engineers (SPIE) Caiee, Vol. 4839,
Adaptive Optical System Technologies Il. Edited by Wizinchy Peter L.;
Bonaccini, Domenico. Proceedings of the SPIE, Volume 48p9,140-149
(2003)., ed. P. L. Wizinowich & D. Bonaccini, 140-149

Schmidt, T. O. B., Neuhéduser, R., Seifahrt, A., et al. 2008AA491, 311

Schneider, J., Dedieu, C., Le Sidaner, P., Savalle, R., &tdkhin, I. 2011,
A&A, 532, A79

Seifahrt, A., Neuh&user, R., & Hauschildt, P. H. 2007, A&&34309

Skrutskie, M. F., Cutri, R. M., Stiening, R., et al. 2006, A31, 1163

Sparks, W. B. & Ford, H. C. 2002, ApJ, 578, 543

Sparrow, C. M. 1916, ApJ, 44,76

Spencer Jones, H. & Jackson, J. 1936, Proper motions ofistdrs zone cata-
logue of 20843 stars 1900

Tetzlat, N., Neuh&user, R., & Hohle, M. M. 2011, MNRAS, 410, 190

Thatte, N., Abuter, R., Tecza, M., et al. 2007, MNRAS, 37842

Torres, C. A. O., Quast, G. R., da Silva, L., et al. 2006, A&BD4695

Tsuji, T., Ohnaka, K., Aoki, W., & Nakajima, T. 1996, A&A, 30829

van Leeuwen, F. 2007, A&A, 474, 653

Zuckerman, B., Song, I., Bessell, M. S., & Webb, R. A. 2001J /562, L87

List of Objects

‘PZ Tel on pagéll
‘HIP 94378’ on pagél2

Article number, page 7 ¢fi 7



	1 Introduction
	2 Observations and data reduction
	3 Results
	3.1 Astrometry
	3.2 Spectroscopy of PZ Tel
	3.3 Spectroscopy of the PZ Tel companion
	3.4 Photometry

	4 Mass determination and conclusions

