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I. A JAVASLATTEVO ADATALI:

1. A javaslatot benyujté (személy/intézmény/egyhaz/szervezet/vallalkozas)
neve: Telepiilési Ertéktar Bizottsag, POLGARMESTERI HIVATAL, 2119 Pécel,
Kossuth tér 1. +36 (28) 662 007, ertektar@pecel.hu

Név: Telepiilési Ertéktar Bizottsag, Pécel, Heltai Miklos elnok

Levelezési cim: 2119 Pécel, Koranyi u.14.

Telefonszam: +36 (28) 788 940

E-mail cim: heltai.miklos@digikabel.hu

2. A javaslatot benyujto személy vagy a kapcsolattarto személy adatai:
Sari Pal okl. gépészmérnok, iigyvezeto

2119 Pécel, Varhegy utca 16.

30-9441748; 28-547 640

saripall120@gmail.com

fornax.kft@upcmail.hu

II. ANEMZETI ERTEK ADATALI:

1. A nemzeti érték megnevezése:

HAT (Hungarian-made Automated Telescope — Magyar Automata
Tavcesohalozat).

A HAT Team alapito tagjai : Bakos Gaspar csillagasz, Princeton University,
Lazar Janos szoftvermérnok, Erd, Papp Istvan elektromérnok, Pécel, Sari Pal
gépészmérnok, Pécel.

2. Fellelhet6ségének pontos helye:

A Magyar Automata Tavcesohalozat szorosan kotodik Pécelhez, a HAT Team
alapito tagja, Sari Pal révén, aki az automata tavces6halozat mechanikajat tervezte,
ugyanakkor iigyvezetéje a FORNAX 2002 KFT.-nek (2119 Pécel, Ady Endre u.1.),
amely gyartotta az

automata obszervatoriumokat.

A HAT tavesovek helyszinei:

1. HATNet (Eszaki félteke)

e Fred Lawrence Whipple Observatory, Mount Hopkins Arizona, USA.
(5 db. HAT tavcso)

e Mauna Kea Observatory, Hawaii , USA.
(2 db. HAT tavceso)

e Wise Observatory, Mizpe Ramon Negev sivatag, Izrael
(1 db. HAT tévcsd, mar nem iizemel.)

2. HATSouth (Déli félteke)

e Las Campanas Observatory, Chile
(2 db. HATSuoth tavcsd. Egyenként 4 db. kamera egységgel.)



e HESS Site, Khomas Highland, Namibia.

(2 db. HATSuoth tdvcsd. Egyenként 4 db. kamera egységgel.)
¢ Siding Spring Observatory, Coonabarabran NSW, Ausztralia

Siding Spring Observatory

3. Ertéktar megnevezése, amelybe a nemzeti érték felvételét kezdeményezik:
a péceli Helyi Ertéktar Bizottsag a nemzeti értéket Helyi Ertéktarba sorolja
és javasolja folvételét a Pest Megyei és Magyar Ertéktarba.

4. A nemzeti érték rovid, szoveges bemutatasa, egyedi jellemzoinek és
torténetének leirasa:

A HAT Team alapito tagjai a Magyar Csillagaszati Egyesiiletben talalkoztak tobb
mint hisz évvel ezel6tt. Az akkor még az ELTE csillagasz hallgatd Bakos Géspar
kezdeményezésére ¢és Bohdan Paczynski professzor (Princeton University)
tamogatasaval elkezdték fejleszteni az interneten keresztiil tavvezérelhetd kis autonom
obszervatoriumot, melynek f6 feladata akkor az ugynevezett gamma felvillandsok
ut6éfénylésének detektalasa volt. A prototipus 2000 év végére elkésziilt, amit 2001 elején
az arizonai Keat Peak obszervatoriumban feléllitottak. Egy év tesztiizem tapasztalatait
felhasznalva elkészitettétk a HATNet ma is miikodd tovabbfejlesztett valtozatat amit
2003-ban iizembe allitottak a szintén Arizondban talalhatdé Whipple obszervatdériumban.
Bakos Géspar ekkor mar a Harvard Egyetem Phd. hallgatdja lett és érdeklddése az
exobolygdk (naprendszeren kiviili bolygok) felé terel6dott. Az els6 HATNet tavesovet
tovabbi hét taveso felallitdsa kovette. Igy a HATNet globalis haldzatot alkotva alkalmas
lett egy adott objektum alland6 (24 o6ras) megfigyelésére is. A HAT-tdvcsovek hamar
rabukkantak az els6é exobolygo jeloltekre, vagyis az elsd olyan csillagokra, amelyeknek
a fénye rendszeresen kissé elhalvanyodik. Ezek azonban még hamis riasztdsnak
bizonyultak, ugyanis nem bolygdk keringtek a csillag koriil, hanem tdrpecsillagok
haladtak el a nagyobbak el6tt. Tobb szaz jelolt utan 2006-ban bukkant fel az els6 talalat,
a HAT-P-1b jelli gazbolygd. Mérete szerint a Szaturnusz és Jupiter kozott féluton
helyezkedik el, sugara joval nagyobb, mint a Jupiteré. Egy kettdscsillag egyik tagjat
keriili meg minden 4,5 napban, tehat egy "éve" 4,5 f6ldi napnak felel meg. E bolygd egén
két nap van, a kettdscsillag két tagja: egy nagyon fényes, ami koril kering, és egy
halvanyabb. A HAT-P-1b-hez hasonl6é nem taldlhaté a mi Naprendszeriinkben. Masfél
évre ra ujabb meglepetés kovetkezett, ezattal egy nyolc Jupiter tomegli (mintegy 3000
Foldtomegtli) oridsbolygd képében, amelyik a csillagat elnyult palyan 6t naponként
keriilte meg. Kiilonlegessége, hogy mig a tdmege a Jupiter nyolcszorosa, a sugara csupan
akkora, mint a Jupiteré, és ezzel ékes bizonyitékot szolgaltat az elméleti fizika joslatanak
,hogy az anyag ekkora nyomason elfajult allapotba keriil. (Hidba halmoznank tobb
anyagot a HAT-P-2b-re, a sugara valosziniileg az extrém nagy graviticid miatt
csokkenne.)

2009- ben nagy lépés kovetkezett, a HATNet a déli féltekére is kiterjesztette
miikodését immar a teljes égboltot lefedve. (HATSuoth Chile, Namibia, Ausztralia).

A HAT tavesovek altal felfedezett exo-bolygdk szdma mara megkozeliti a szazat.
Ezzel az eredménnyel a f6ldi megfigyeldcsoportok koziil a felfedezett bolygdk szdmat
tekintve a HAT a masodik legsikeresebb a vilagon. Az 6t helyszinen ma mar kozel szaz



ember dolgozik a HAT tavcsovekkel illetve adatainak kiértékelésével. Professzorok,
PhD. hallgatok, mérnokdk és programozdk, koztiik a Nobel-dijas Bryan Smith ( Fizikai
Nobel dij 2011.)

5. Indoklas az értéktarba torténo felvételre:

A HAT- Magyar Automata Teleszkdp program nagyszerlien példazza, hogy a
magyar kozép- és felséfokt oktatds minden problémaja ellenére ma is (vagy ma még)
képes a tehetséges tanulok érdeklddésének folkeltésére, tehetségiik fejlesztésére és
gondozasara.

Ugyanakkor igen j6 példa a magyar tudomanyos gondolkodas holisztikus
szemléletére, az ebbdl eredd intuitiv meglatasok gyakorlatias hasznositasara.

Vilagszerte ismert és elismert tudomanyos program indulasa és
megvalositasa kotodik Pécelhez, jelentésége azonban tulnd Pécelen, mélto a Megyei
és Magyar Ertéktarba vételre.

6. A nemzeti értékkel kapcsolatos informaciot megjelenité forrasok listaja
(bibliografia, honlapok, multimédias forrasok):

FORNAX 2002 Kft

www. fornax2002.hu/

Meteor, a Magyar Csillagészati Egyesiilet havilapja, 2010/2. szam, 2010 februar

ho
Magyar Nemzet Magazin 2010.10.09.!
Heti Valasz 2007. VIII. évf. 50. szam, 2007. december 13.
Sky & Telescope 2002. oktober ho
National Geographic Magyarorszag, 2004. december
Péceli Hirek, 2011. oktober

I1I. MELLEKLETEK
1. Az értéktarba felvételre javasolt nemzeti érték fényképe vagy audiovizualis
dokumentacidja:

HAT tavceso. Mauna Kea , Hawaii.



HATSuoth tavesovek , HESS Site, Namibia.



HATSouth tavesovek , Las Capanas , Chile.
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HATS-17b: A TRANSITING COMPACT WARM JUPITER IN A 16.3 DAYS CIRCULAR ORBIT 1
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ABSTRACT
‘We report the discovery of HATS-17b, the first transiting warm Jupiter of the HATSouth network.
HATS-17b transits its bright (V=12.4) G-type (M.=1.131+0.030 My, R.=1.001*]-31% R;,) metal-rich
([Fe/H]= +03dex)hostmmamuhrorblt with a period of P=16.2546 days. HATS-17b has a
very compact radius of 0.777 £ 0.056 R, given its Jupiter-like mass of 1.338 + 0.065 M;. Up to 50% of
the mass of HATS-17b may be composed of heavy elements in order to explain its high density with
current models of planetary structure. HATS-17b is the longest period transiting planet discovered

to date by a ground-based photometric
systems

and is one of the brightest transiting warm Jupiter

survey,
known. ThebnghmmofﬂATS-l?wﬂlnlhwdemM[olhw-upobsermuommchm
them'bnalgeomeuydthesystemudtheumnsphs‘eohheplam

Subject heads: Y 5y
photometric

1. INTRODUCTION

The detection of !
has brought forth several theoretical challenges regarding
their formation, structure and evolution. One of these
challenges arises from the fact that for over 20 years,
radial velocity (RV) surveys have been discovering large
nunbu'ofgnmplanetsfoundworbnmmhmtsarsu
dmncea(<1AU],whemtheymmghlyunhkely

to be formed. Hot J having jor axes of
~0.03 AU, are the most extreme cases. Short period gi-
ant planets are thought to be formed at several AUs, be-
yond the so-called snow line, where sufficient solid mate-
rial is available to build ~10 M cores that accrete their
gaseous envelopes from the protoplanetary disc before it
is dispersed (e.g., Rafikov 2006). The subsequent inward
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igration can be p by the exchange of L
momentum with the same pr L y disc (Goldreich
& Tremaine 1980) and/or by gravitational interactions
with other stellar or planetary bodies which produce high
eccentricity migration mechanisms, in which eccentrici-
ties are excited and the semi-major axis decreases due to
tidal interactions with the star (Rasio & Ford 1996; Wu
& Lithwick 2011; Fabrycky & Tremaine 2007; Petrovich
2015). These two migration mechanisms predict differ-
ent end products. While disc migration should produce
circular orbits in which the angular momentum vector of
theutbnmahgnadmtht.hespmoft.heaar,hxghmcen
tricity with
a broad distribution of sccemnutuandmmhgnmem.
angles.

Tr !  (TEPs) are fundamental
objects for ini scenarios, b the
mmdmeﬂm" L hlin effect (R
1924; McLaughlin 1924) allows the determination of the
sky-projected angle between the orbital and stellar spins.
This angle has been determined for several transiting hot
Jupiters showing that while most of the systems have well
aligned prograde orbits, an important fraction of them
is found to present measurable misalignments (Hébrard
eta.l.m QudozetsLMlO—WmnecaLmlo) Hot

p y , are not for discrim-
inating b h The tidal or
nme(mmmnsvm.hthehmmwhu:hmame
due to their extremely close-in orbits can be responsi-
ble for not only circularising the orbit but also poten-

tially realigning the spin of the star with the orbit of the
planet and thereby affecting the final state of the sys-
tem (Dawson 2014). Transiting giant planets with larger
semi-major axes (a > 0.1 AU), on the other hand, do not
suffer from strong interactions with their stars and can
be used for measuring & more pristine final state of the

While TEPs can be used to refine the geometrical con-
figuration of the orbits, arguably their most important

Y
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TABLE 1
SUMMARY OF PHOTOMETRIC OBSERVATIONS OF HATS-17.

Fcility /Fiald = Date Range Number of Points Modian Cadence  Filtar Procision ®
(seconds) mmag

HS-2/GT00 (LCO) 2011 Apr-2012 Jul 4579 202 r 58
HS4/GT00 (HESS) 2011 Jul-2012 Jul 350 301 r 64
HS-6/GT00 (SS0) 2011 May-2012 Jul 1499 300 r [:33
PEST 0.3m (Perth, M(‘.D'ﬂ 2015 Apr 26 215 132 Re 24
LCOGT 1 m/s=mn: (CTIO) 2015 13 54 105 ] 13
Swope 1m/a2v (LCO| 2015 29 141 120 1 38
Swope lmfc&v LCO! 2015 ::Ty" ks 99 t 16
LCOGT 1 m/smistro (CTIO) 2015 Jul 17 71 162 t 08
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HS4 at the HESS.

ma-ray telescope site
z mdmtiln
old is at RA. 13.2br and Doc. —45.0°.

the HATNat
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the Table.
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Fic. 1.— Unbnmndin‘rmmnl d light curve of HATS-

I?Hdad'iththepcnd}’—l d.ylmlnm{rmdn
global fit d.nbadinSu:ﬁmS.Th line shows best-fit
transit model (see Section dm ‘c:nnl zo0m-in on
the transit; the dark filled hare show light curve binned
mﬂlmmgnhmafomﬂ Thnqnnl is consistent with
flat-bottom transit with a depth of § mmag.

Given the quality of the HATSouth detection, follow-
up observations of the transit were required in order to
conﬁrmthatthemgnalummpeublewnhsmnsung
planet, and to precisely determine the physical parame-
ters of the system.

Due to the long period of the discovered transit sig-
nal and the long duration of the transits (5.2 hours),
the photometric follow-up for this kind of TEP candi-
dmbnngamutdlﬁcukuthnnmeonesprmeuwdm
more typical (P < 5days) candid For this
high priority photometric lollow—upcnmpmgnforHATS-
17 started only after the spectroscopic observations de-
scribed in Section 2.2 showed an orbital variation in RV
in phase with the photometric ephemeris.

The first photometric follow-up light curve of this sys-
tem was obtained with the 0.3 m Perth Exoplanet Survey
Telescope (PEST)!? located near Perth. The unbinned
precision of 2.5 mmag allowed the measurement of a full
= 5 mmag flat-bottom transit.

Another two partial transits were then acquired with
the LCOGT 1 m telescope network, specifically with the
telescope at Cerro Tololo Inter-American Observatory

'2 prep: //wew . cantab.not/users/tgLan/

(CTIO), and with the Swope 1 m coupled with the e2v
camera at Las Campanas Observatory (LCO). The for-
mer registered only the egress of the transit which was
helpful in refining the ephemeris of the system, while the
latter obtained one ingress and part of the transit but the
weather conditions were suboptimal and did not allow
for a substantial improvement of the measured transit

Finally, two partial transits of the same event were
measured with high photometric precision (= 1 mmag)
in one of the last chances to observe it during the season.
The observations were performed with the same two tele-
scopes that registered the previous partial transits and
they obtained a fraction of the bottom part of the transit
and the egress. These observations revealed a clear tran-
mwuhadep(hofszﬁmmagmdnmpwvedsuhsmmuﬂy
the precision of the measured transit parameters.

All the photonetric observations are summarized in
Table 1. Table 2 provides the light curve data, while
the light curves are compared to our best-fit model in
Figure 2. All the facilities used for high precision pho-
tometric follow-up have been previously used by HAT-
South; themsttumem.speuﬁmnns, observation strate-
gies and adopted reduction procedures can be found
in Zhou et al (2014), Bakos et al. (2015) and Bayliss
et al. (2015) for PEST, LCOGT 1 m/sinistro (CTIO),
and Swope 1 m/e2v, respectively. Given that there were
no evident close companions to HATS-17, all photomet-
ric follow-up observations were acquired with defocusing.

2.2. Spectroscopy

An extensive follow-up campaign is required for vali-
dating the planetary nature of HATSouth transiting can-
didates. Transit-like signals in the light curves can be
produced by artifacts in the data or different configura-
uonsofsteﬂnechpmngbmmmandbackgmundm
Spectroscopic observations are used for characterizing
the properties of the star and to determine the mass and
orbital parameters of the planets from RV curves.

The first spectroscopic observation of HATS-17 was
carried out by the WiFeS instrument on the ANU 2.3 m
telescope at SSO (Dopita et al. 2007). A single low res-
olution (R=3000) spectrum was enough for a first esti-
mation of the stellar parameters of HATS-17. Follow-
ing the reductions and analysis procedures detailed in
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3ayliss et al. (2013), the computed stellar atmospheric
sarameters were Teg = 5315 £ 300 K, logg = 4.4+ 03
iex and [Fe/H| = —0.5 £+ 0.5 dex. After HATS-17b was
dentified as a single-lined G-type dwarf, five additional
=T000 spectra were obtained with the same instrument
n order to measure RV variations. These five RV poi
were consistent with no variation at the ~2 kms—! level,
which shows that the observed photometric signal is not
yroduced by an unblended eclipsing stellar mass com-
anion.

Once HATS-17 passed the reconnaissance spectroscopy
ilter of our follow-up structure, further spectroscopic
‘haracterisation of the HATS-17 system was performed
vith facilities capable of measuring RV variations pro-
fuced by the gravitational tug of a giant planet mass
:ompanion. Several high resolution spectra were ac-
juired with three spectrographs installed in the ESO La
jilla observatory. We obtained 11 spectra using HARPS
it the ESO 3.6m telescope, 8 spectra using CORALIE
'‘Queloz et al. 2001) at the Euler 1.2m telescope and 2
ipectra with FEROS (Kaufer & Pasquini 1998) at the
MPG 2.2m telescope. The data for these 3 instruments
were reduced and with an automated pipeline
fescribed in Jorddn et al. (2014) that processes in an
rwmogeneous and robust manner data of echelle spectro-
maphs. Besides the reduced spectra, this pipeline de-
ivers precise RV measurements, bisector span (BS) val-
1es from the cross-correlation peek and an estimation of
‘he stellar atmospheric parameters. RV and BS values
we presented in Table 3 with their corresponding un-
ertainties. As shown in the top panel of Figure 3, the

RV measurements phase cleanly with the phot
ephemeris with an amplitude compatible with
produced by a Jovian planet in an almost circ
bit. The middle panel of Figure 3 shows the 1
of the measured RV values and the best fit mod
the bottom panel confirms that the BS values
responsible for the measured RV variations. Tk
lation coefficient between RV and BS values is —
a 95% confidence interval extending from —0.596
obtained from a bootstrap simulation. The mea
spheric parameters obtained from the 3 spectr
T = 5705+ 118 K, Jogg = 414 £(
M[F&/H]_027i01ldn,vheethem
pamme(exsu'ecomputm&omthednpa!nno
tions. These atmospheric parameters co
ﬁomhl@rmolutmnsp&:tmshmvtlmt HATS-1
hotter and more metal rich than we hs

ously estimated based on our initial WIFES spe

3. ANALYSIS

We analyzed the photometric and spectrosc
servations of HATS-17 to determine the paran
the system using the standard procedures devel
HATNet and HATSouth (see Bakos et al. 201
maodifications described by Hartman et al. 2012)

High-precision stellar atmospheric paramete
measured from the FEROS spectra using the ZAS
(Brahm et al. 2015, in prep). ZASPE estimates
mospheric stellar parameters and vsini from hi
lution echelle spectra via a least squares method
a grid of synthetic spectra in the most sensitive
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TABLE 2
DIFFERENTIAL PHOTOMETRY OF HATS-17

Mag* oMeg  Maglarig)® Filtar

I I B B b B B B B )
GhGRRERRGR g

NOTE. — This table is available in hi dabl
%:'ndApm-Mnbwaﬁw nllu'lnnndm
data are also available on the nmp/l"—

s*
¢
Hik

- mom—d'—mhvdhnbw-buuud Fammmmwm
(rows with “HS” in the I ), thesa have

uudod_ngthnEPDAndTFApmmiwcpnwtoMlu'l_tmodd
to the light curve Pmnnnly-nmhofth.d& , but also

Hmdmgﬁunn-ghbun,m HATScuth transit is somewhat
shallowar than that of the true in the Sloan r filter (the apparent depth is
79% that of the true )Fmthnﬁnlla'up curves (rows with an Instru-
mmmms* those magnitudes have _detranded with the EPD

TABLE 3
RELATIVE RADIAL VELOCITIES AND BISECTOR SPAN MEASUREMENTS OF
HATS-17.

BID RV onv® BS ops Phase Instrument

(2456000+) (ms') (ms~') (ms~')
1067.79423 9T 800 -300 320 0609 HARPS
1068.83188 B4.97 500 00 220 0673 HARPS
1068.89436 10097 500 20 200 o067 HARPS
1069.85083 8.00 -30 300 0.53% HARPS
1069.89514 8597 700 290 300 0.¥38 HARPS
1070.82342 9197 4.00 40 160 0.y9% HARPS
1071.84990 497 400 -110 160 08 HARPS
107285895 4397 400 140 140 0921 HARPS
107583710  -110.14 17.00 380 270 0.1 Coralie
1076.82996 —69.14 1600 200 280 O0.165 Coralie
1077 81340 -128.14 18.00 50 200 02% Coralie
1078.82533 -92.14 15.00 190 250 0388 Coralie
1109.69531  -119.14 1800 880 290 O0.187 Coralie
1111.59481 -92.03 800 360 320 0.3 HARPS
111262535 —60.03 1200 670 400 0367 HARPS
1113.67401 ~54.08 700 200 300 0432 HARPS
90.12 10.00 10 100 FEROS
1un 45.12 1000 100 110 0919 FEROS
1179.50706 256 1800 -840 290 0422 Coralie
1181 49387 63.86 18.00 -0 290 06 Coralie
1183.58674 5286 17.00 40 270 0533 Coralie

- mmpnmdtbnnvdoanuuuhuwy Anavw-lloh'y,,.ﬂmd
lanndylol.lmdnnﬁ'mdltw hns boen

,mmumma.

of 5 17 1
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of atomic transitions and the pressure sensitive Mg Ib
lines. We obtained the following high precision param-

eters with ZASPE: T'w,=35840491 K, log g.=4.3610.15
dex, |Fe/H|=0.30+0.05 dex and vsini=3 £4+0.48 km/s.

The resulting Tes. and [Fe/H] measurements were
combined with the stellar density p, determined through
our joint light curve and RV curve analysis, to determine
the stellar mass, radius, age, luminosity, and other physi-
mlpm'arnmms,bv_vcm'nparnonw:ththeYYale(Y2
Yi et al. 2001) stellar evolution models (see Figure 4).
This provided a revised estimate of log g. which was fixed
in a second iteration of ZASPE. Our final adopted stellar
parameters are listed in Table 4; the final atmospheric
parameters are compatible to the ones obtained in the
first ZASPE iteration. We find that the star HATS-17 has
a mass of 1.131 + 0.030 M, a radius of 1.001* {00 ..,
a.ndisatareddeningmecw:ldistaneeofwtgpc.

We also carried out a joint analysis of the high-
precision FEROS, CORALIE and HARPS RVs (fit using
an eccentric Keplerian orbit) and the HS, PEST 0.3m,
LCOGT 1m, and Swope 1m light curves (fit using a
Mandel & Agol 2002 transit model with fixed quadratic
limb darkening coefficients taken from Claret 200Md) to
measure the stellar density, as well as the orbital and
planetary parameters. This analysis makes use of a dif-
ferential evolution Markov Chain Monte Carlo procedure
(DEMCMC; ter Brask 2006) to estimate the posterior
parameter distributions, which we use to determine the
median parameter values and their 1o uncertainties. The
results are listed in Table 5. We find that the planet
HATS-17b has a mass of 1.338 + 0.065 M;, and a radius
of 0.777 + 0.056 R;. We also find that the observations
are consistent with a circular orbit: e = 0.029 + 0.022,
with a 95% confidence upper-limit of e < 0.070. Note,
however, that due to the relatively long orbital period,
and thus weak tidal interaction between the planet and
star, we do not fix the eccentricity to zero in the fit, as we
often do for shorter period planets where there is a prior
expectation of the orbit being circular. The uncertainty
in the eccentricity thus contributes to the uncertainties
of other parameters listed in Table 5.

In order to rule out the possibility that HATS-17 is a
blended stellar eclipsing binary system, we carried out a
blend analysis of the photometric data following Hart-
mnetaL(mm) We find that all of the blend models

;ravndeaﬁt to the photometric data that has
alngherx than the model consisting of a single star
with a transiting planet, and that the best-fitting blended
eclipsing binary model can be rejected with 3o confidence
in favor of the single star with a planet model. Moreover,
theblendmodelswhid:oomeclosestwﬁttingt.hepho-
tometry would have easily been detected as a compos-
ite system based on the spectroscopic observations (RV
and BS variations of several kms!). As is often the
case, we find that while blends involving stellar eclipsing
binaries may be ruled out by the photometry, we can-
not exclude the possibility that HATS-17 is a transiting
planet system diluted by light from an unresolved stel-
lar companion. We find that including a physical wide
bmarycompsnnnmhsmbl > 0.5M, leads to a
slightly higher x?, but all companions, up to the mass of
HATS-17, are pu'mmed within 1g. If HATS-17 has an
unresolved stellar companion, the radius of HATS-17b
could be as much as 1.6 times larger than what we in-
fer here (for the extreme case of a star of equal mass to
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TABLE 4 TABLE 5
STELLAR PARAMETERS FOR HATS-17 PARAMETERS FOR THE TRANSITING PLANET HATS-178.
Value Value *
12b48™ 4% T 16.254611 4 0.000073
—47=3640. 37 2457139.1672 4+ 0.0014
—32.40 4090 0.2011 4 0.0038
Y514 0.0166 4 0.0020
GSC 824900170 ox g+
IMASS 124B4555-4736402 Sy ¥
+0
5846+ 78 0.1871500%
G 0432}
0.300 +0.030 0082026
3734030
220432 4 40
0.2710
0.3370
13.108 4+ 0.090 0.3640
12.39 4 0.10 0.3272
12.66% 4+ 0.050
12162 4 0.060
12.08 4 0.19 91444
+ 0.029 2 0.022
10.837 + 0.022 —0.037 < 0.08Y
10.698 4+ 0.021 0.10#0-1¢
—.o0az2
Cmi-w,m.(m-')" 6+13
1.131 4 0.0%0 v ZASPE b FEROS RV jitter (ms—*) 01493
1091 107 Y*,';; Zaspe  HARPS RV jitter (ms") ¥ 09+41
4416 +0.042 Y?4p,3+ZASPE
1384+ 027 Light Carves 1.338 £ 0.065
1224017 Y21 Light Carves 0777 = 0.056
1.24 4047 Y?4p,+ZASPE 025
4574015 Y?4p,+ZASPE 35008
3.08+012 Y24p,+ZASPE 3.y37 1000
21413 Y24p,+ZASPE 0.1308 + 0.0012
0174011 Y?4p,+ZASPE 14498
330437 Y24 p. +ZASPE . 0.398 = 0.031
(107ergs ' em—2)" ... 994113
erg
" ZASPE = “Zoaoal A pheric Stellar P Eati " methed for

the azalysi of high-rescliutics upectra (Hrakm ot al. 2015, in prop) applied
mrxaos.p-u.dmmw n—,-_..-..a,p.u..qyuum
but have x xmall depesdence sl o= the i

o © For cach parameter we give the median valse a=d 68.3%

Lla)aﬁhamh&unlhmd“m

lm--.uBWn:Jul.— Date calcslxtod

r&--—rdud;bhﬂm&h;d‘thdnq-d—sbdudum
Inockronest @, + ZASPE = Bumed on the Y2 isochrones (Yi et al. 2001), the
wicllar demsity uwed ax x lumincwity indicator, and the ZASPE results.

ds Iy

from UTC, wnth for leap . Te:
mw«mmum”n-m
-ﬂhlhuhhlp'wd. Tya: total tranxit duration, time

€ The stellar denxity aw derived from the light curves, bet sl i

int that the combinxti dT.,,,....a[n/n]-um.-.nnuu
from the ¥ imochroses.
9 Totel V basd ion to the sar d i by the cxtalog
mmpmw-muhmmw itudes from the
Imchrosm s p, +ZASPE model for the wtar. w--m-c-a.uu:.l.(lm)
extinction law.

HATS-17).

Our analysis showed that HATS-17 is a relatively
young (~2 Gyr) G-type star with physical parameters
very similar to the Sun, but with a substantial metal
enrichment (|Fe/H]=+0.3). On the other hand, HATS-
17b is & weakly irradiated (T ~800 K, {F) ~10'erg
s 'em~?) Jovian planet and due to its relatively long
semi-major axis of ~0.13 AU can be classified as a warm
Jupiter. One of the principal peculiarities of HATS-17b
is that it has a very compact radius for its Jupiter-like
mass, y:eldmgaveryhxghdenntyofp,-t!.agun"oom—
pared to Jupiter (p;=1.33 gem ™) .

4. DISCUSSION

firwt to luat 5 Tig = Thy: ingress/egroe time,
t—b-nh-d-nd ar third and fourth contact.
= R-:Fomln‘chwd-m-dth.w-m-du-

jump parameter in oar MCMC analysix is place of afR, . It
related to a/R, presion (R, = af/R,(2=(1 +

‘:-au))/(P‘;lLVH (Bakon -Uu xuo.;l =t
Values for & quad o d from |l- bul

by Claret (2004) di u \be up mm) pa-

Mhﬁdnmt

® While the eccentricity is allowed to vary is the fit, we fiad
that the cheervations are consirtest with x crcslar arbit. The
95%, confidence spper-limit on the ecoentricity i e < 0.070.
We Eist \/c cous and \/Euin o which are the jump parameters
i= the Gt

' Reroe tarm, cither astrophysical or instrumental in origia,
ndded in quadrature to the formal RV erroes for the heted
iswtrument. Thi term is varied in the fit meemisg » prior

Ry .

tiom vin C(My, Rp) = ((My— (Mp)) (y (n.)»/(--.a-,».

where () ix the expectatios
h‘ﬂl of

h quuhhu-—p--m.-va"mm

calcslated sawsming x Bond albedo of sero, and that flux i

rerndinted from the full plset surface.

! The Safronov number i given by © = $(Vec/Veen)? =

(af Rp)(Myp/M.) (sue Hanmn & Barman 2007).

! Incomizmg flex per unit werface arem, overaged over the arbit.
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In this paper we have presented the discovery of HATS-
17b, the first transiting warm Jupiter of the HATSouth
survey and the transiting extrasolar planet with the
lougmorbxmlpenoddew:tedwdawtyagrmmd-

based photometric survey. The left panel of Figure 5
shows that HATS-17b, with its period of 16.25 days, lies
inasperselypopulamdmgwnofthepanmetaspam
of confirmed transiting extrasolar giant planets (M, >
0.25 M, >0.sm)tha:huvenmmedmmand
densities. There are only 19 confirmed giant planets with
longer orbital periods, with most of them (17) discovered
by the space-based missions Kepler and CoRoT, and or-
biting stars that are generally too faint for performing
detailed follow-up observations to further characterize
those systems. In fact, the masses of ten of the long pe-
riod planets discovered from space were determined by
transit timing variations (TTVs) because it was easier
than obtaining precise RV measurements of their faint
host stars. HATS-17b, on the other hand, has a bright
(V = 12.4) host which allowed a detailed determination
of the orbital parameters of the system via RV measure-
ments and can be the target of future spectroscopic and
photometric follow-up.

Due to its relatively large semi-major axis (@ =~ 0.13
AU), HATS-17b is a low irradiated planet. The fiux re-
ceived per unit area by the planet is (F)=9.9x107erg
em~2?s-1, which is low enough that we do not expect
heating from the star to significantly impact the struc-
tmo(theplnne((Kovécsetal 2010; Demory & Sea-
ger 2011). Thenghtpa.m! Figure 5 shows that
there are ~30 other well characterized giant planets with
(F)<2.0x10%rg cm~2s~! that belong to the mentioned
group, with 11 of them discovered by ground-based tran-
sit surveys orbiting stars at shorter semi-major axes than
HATS-17b but around less luminous host stars than
HATS-17. In addition to the low insolation level of
HATS-17b, the low eccentricity of its orbit ensures that
hdalmu!ncuonsmththesmrmnotablewgmm
internal heating on the planet. This particular state of
HATS-17b is not applicable for the whole group of low
irradiated planets as many of them have measurable ec-
centricities that could generate tidal heating during pe-

passages.

Transiting systems like HATS-17b, in which we can
isolate the planetary physical properties from significant
heating mechanisms produced by the stellar host, are
very important for constraining theoretical models of
the structure of giant planets. In Figure 6, the phys-
ical properties of HATS-17b are contrasted with the
ones of the rest of the well characterized transiting gi-
ant exoplanets. Both panels illustrate that HATS-17b
is a peculiar object regarding its structure. HATS-17b
possesses a radius of Rp=0.TTTR; which is extremely
compact even for low irradiated planets. The planet
resembles HATS-17b is WASP-50b
(Hébrard et al. 2013) with Rp=0.78R;, M p=0.86M; and
(F)=4.5x10"erg cm~2s~!. The rest of the planets that
share a similar radius have masses smaller than 0.4M;.
The compact nature of HATS-17b is further illustrated
in the right panel of Figure 6, where it stands out as the
densest giant planet with masses Mp<2M;.

The small radius of HATS-17b is in concordance with
the low irradiation levels of warm Jupiters. However, its

pnrﬁcuhrvnlueismtsuugin-ﬁorwudwexplmmm
standard theoretical models of planetary structure. Fig-
ure 7 shows that, for the stellar and planetary properties

oftheHATS—l?syaem,therrmeyetaL(W)md
els for giant planets predict a radius that is more than
3o larger than the observed one even for the maximum
available core mass of 100My. By performing an ex-
trapolation of the these models we have estimated that a
central core of ~200M, is required to explain the com-
pact nature of HATS-17b. Such a massive core implies
that ~50% of the planet mass is composed of heavy el-
ements, which strongly contrasts with the ~10% we can
infer from Jupiter given a ~15My core (Militzer et al.
2008) and is closer to the fraction of heavy elements pre-
dicted for the solar system ice giants.

The massive core inferred for HATS-17b can be linked
to the high metallicity of the parent star ([Fe/H]=+0.3
dex). In the context of the core accretion scenario of
giant planets formation, a more metal rich disk can be
more efficient in forming massive cores. Several works
(Guillot et al. 2006; Burrows et al. 2007; Miller & Fort-
ney 2011) have claimed to find a correlation between the
stellar metallicity and the amount of heavy elements in-
ferred for giant TEPs. In particular, Miller & Fortney
(2011) (hereafter M11) find that for low irradiated plan-
ets there is & minimum core mass of ~10Mg and that
from this value the amount of heavy elements present in
the planets’ interior raises as a function of [Fe/H|, with
CoRoT-10b (Bonomo et al. 2010) being the most extreme
case with a heavy element content of M =182+94M
and [Fe/H]= +Oﬂidex. The left panel of Figure 8 shows
this claimed correlation for the 14 systems analyzed by
M11 and adding HATS-17b. HATS-17b seems to agree
quite well with the correlation proposed by M11. Even
though the predicted heavy element content for & metal-
hcn.yof[l-\e/ﬂ] +0.3 dex should be closer to ~100Mg,

the dispersion of the correlation is greater than the in-
dividual errors. Clearly, detections of more warm giant
TEPs are required.

M11 also proposed a negative correlation between the
metal enrichment of the plenet relative to the star and
the mass of the planet. This correlation is observed in the
giant planets of our solar system where Uranus and Nep-
tune are more enriched in heavy elements than Satum
and in turn Saturn is more metal enriched than Jupiter.
The right panel of Figure 8 shows that HATS-17b seems
to subtly depart from this correlation having enrichments
similar to Saturn mass planets rather than the ones of
Jupiter mass

In summary, the massive core of HATS-17b can be ex-
pected given the high metallicity of the parent star, but
it seems to lack a more extended H/He envelope. The
mechanism that allows the formation of such massive em-
bryos is unclear. If HATS-17b was formed by core accre-
tion at @ = 5 AU and we assume that the total heavy ele-
ment composition of HATS-17 scales with the iron abun-
dance, we can infer an embryo of M_=30M, which cor-
responds to just 15% of the estimated mass of the core of
HATS-17b. More massive cores can be formed at larger
distances but even if the primordial material is available,
the planetesimal accretion rate must exceed the gas ac-
cretion rate which should be difficult to accomplish for
cores with M. >20M. An alternative explanation for
the extremely massive core of HATS-17b can be related
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to collisions with other objects in the system posterior to
the dispersal of the protoplanetary disk. Liu et al. (2015)
proposed, based on numerical simulations, that giant im-
pacts of super-Earth-like planets or mergers with other
gas giants generally leads to a total coalescence of im-
pinging gas giants and that sometimes the collisions can
disintegrate the envelope of gas giants which may also
explain the seeming lack of a massive H/He envelope for
HATS-17b. This hypothesis is further supported by the
study of Petrovich et al. (2014) which determined that at
small semi-major axes (@ < 0.5 AU), gravitational inter-
actions between planets in unstable systems mostly lead
to collisions rather than excitation of highly eccentric and
inclined planetary orbits.

A more detailed modelling of the structure of HATS-
17b, in which the solid material is distributed through
the entire envelope of the planet and not only in a cen-
tral core, can also lower the amount of heavy elements

y mass. HATS-17b lios at the upper

required to explain its small radius. For example, in the
case of the massive planet CoRoT-20b (Deleuil et al.
2012, Mp = 4.24M;), the inclusion of the Baraffe et al.
(2008) calculations can decrease by a factor of three the
800M in heavy elements that were initially estimated
for this planet.

The current orbital distance of HATS-17b from its
host star is compatible with migration via angular
momentum exchange with the protoplanetary disk.
Migrations through gravitational interactions with other
planetary and/or stellar companions should excite the
eccentricity of the system and then tidal interactions
with the star during periastron passages would be
responsible of decreasing the semi-major axis and
circularising the orbit. The eccentricity of HATS-17b
is consistent with e = 0, while being too far away
from it parent aarwhavesuﬂemd&oms:gmﬁcant
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oscillations (Kozai 1962) produced by interactions with
a distant stellar companion (Takeda & Rasio 2005) or
with a closer phnebarycompanion(Nm et al 2011)
can be taking place but we may be just observing a
stage of low eccentricity in the cycle. lmgtermRV
monitoring of HATS-17Tb can unveil the presence of
another object in the system and measurements of the
Rossiter- in effect can detect inclinations in the
orbit of HATS-17b produced by the interaction with
the companion. However, Dong et al. (2014) predicts
that non-eccentric warm Jupiters probably present well
aligned orbits with the spin of the star.

As evident from the previous paragraphs, HATS-17b
belongs to a group of exoplanets that are useful for
constraining theories of structure and evolution of giant
planets, but which has a low number of well character-
ized systems discovered to date. The detection of these
transiting warm Jupiters around bright stars is fraught
with several difficulties due to the low transit probabil-
ity of long period planets, low occurrence rate of giant
planets with respect to terrestrial planets, and the lim-
ited duty cycle that one site ground-based transit sur-
veys are affected by. Moreover the confirmation of the
planetary nature of transiting warm Jupiter candidates
requires extensive spectroscopic and photometric follow-
up campaigns in which observations must be spread over
many more epochs compared to the follow-up observa-
tions required to confirm short period planets. Taking
advantage of its three observing sites in the southern
hemisphere, separated by almost 120 deg in longitude
each, the HATSouth survey can better tackle these diffi-
culties, and HATS-17b is a testament to its capabilities.
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