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ABSTRACT

We report three new transiting hot-Jupiter planets disaa/drom the WASP surveys combined with radial velocitiesnfr
OHP/SOPHIE and Eul¢€ORALIE and photometry from Euler and TRAPPIST. All threampts are inflated, with radii 1.7-1.8
Ruup All orbit hot stars, F5-F7, and all three stars have evqglpedt-MS radii (1.7-2.2 B). Thus the three planets, with orbits of
1.8-3.9 d, are among the most irradiated planets known.rémiforces the correlation between inflated planets anidsiteadiation.

Key words. stars: individual (WASP-76; BB01 316) — stars: individual (WASP-82) — stars: individualABP-90) — planetary
systems

1. Introduction 2. Observations

The naive expectation that a Jupiter-mass planet would havThe three transiting-planet systems reported here arethear

one-Jupiter radius has been replaced by the realisatiomtnay Squator, and so have been observed by both the SuperWASP-

of the hot Jupiters found by transit surveys have inflated racgOrth camera array on La Palma and by WASP-South at

Planets as large as2 Ry, have been found (e.g WASP-17b utherland in South Africa. Our methods all follow closety t

Anderson etal. 2010- HX'FI)'-P-SZb Hartman et a'l '2011) those in previous WASP discovery papers. The WASP camera
' ' ' : ' arrays are described in Pollacco etal. (2006) while ourgtlan

It is also apparent that inflated planets are found preferdninting methods are described in Collier-Cameron et aD72)
tially around hot stars. For example Hartman etal. 2012ntedo and Pollacco etal. (2007).
three new HAT-discovered planets, with radii of 1.6-1;4,Rall Equatorial WASP candidates are followed up by obtaining
transiting F stars. Here we continue this theme by annognciradial velocities using the SOPHIE spectrograph on the-1.93
three new hot Jupiters, again all inflated and all orbitingdfss m telescope at OHP (as described in, e.g., Hébrard etaB)201

. . . . and the CORALIE spectrograph on the 1.2-m Euler telescope

h FOFSdISCUiSIOﬂ of the radi Og trzc\r/1§|t|ng exloplzaonle3ts V:’e”efat La Silla (e.g., Triaud etal. 2013). Higher-quality lightves
the reader to the recent paper by Weiss etal. (2013). It Seefggnsits are obtained using EulerCAM on the 1.2-m telpsco
clear that stellar irradiation plays a large role in inflgtinot e.g., Lendl etal. 2013) and the robotic TRAPPIST photomete

Jupiters, since no inflated planets are known that reces® | : : ;
' ‘ t La Silla (e.g., Gillon etal. 2013). The observations far o
1 —2 . ’
than 2x 10° erg s cm? (Miller & Fortney 2011; Demory three new planets are listed in Table 1.

& Seager 2011). There is also an extensive literature digtgs
other mechanisms for inflating hot Jupiters, such as tidaipa-
tion (e.g. Leconte etal. 2010, and references therein) dmdi©

dissipation (e.g. Batygin & Stevenson 2010). 3. The host stars

The stellar parameters for WASP-76, WASP-82 and WASP-90
were derived from the co-added RV spectra using the methods
given in Doyle etal. (2013). The excitation balance of the Fe

* Fellow of the Swiss National Science Foundation lines was used to determine thifeztive temperaturely). The
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Table 1. Observations

2007b for an account of our methods). For limb-darkening we
used the 4-parameter law from Claret (2000), and list theltres

Facility Date ing parameters in Tables 2—4.

WASP-76: For WASP-76b and WASP-82b the radial-velocity data im-
SuperWASP-North 2008 Sep-2010 Dec 12 800 points ply circular orbits with eccentricities less than 0.05 an@G0re-
WASP-South 2008 Jul-2009 Dec 7700 points spectively. WASP-90 is a fainter star and WASP-90b is a lewer
OHF/SOPHIE 2011 Sep-2011 Dec 9 RVs mass planet, so, while the data are again compatible with a ci
EuleyCORALIE 2012 Feb-2012 Dec 8RVs cular orbit, the limit on the eccentricity is weaker at 0.%rF
TRAPPIST 2011 Nov 06 | filter all three we enforced a circular orbit in the MCMC analysis
ESQ?CPA%T 383 élétglz?? Gun:};::g (see Anderson etal. 2012 for the rationale for this). One of
TRAPPIST 2012 Oct 31 | filter the WASP-82 RVs was taken o_Iurlng transit, and th_ls point was
TRAPPIST 2012 Nov 20 | filter given zero weight in the analysis. To translate transit auliai-
WASP-82: velocity information (which give stellar density) into tisear's
SuperWASP-North 2008 Oct—2011 Feb 15 100 points mass and radius we need one additional mass—radius costrai
WASP-South 2008 Oct—2010 Jan 8600 points Here we use the calibration presented by Southworth (2011).
OHP/SOPHIE 2011 Dec—2012 Feb 8 RVs The fitted parameters were thtig P, AF, T14, b, K1, where
EuleyCORALIE 2012 Feb—2013 Mar 20 RVs T is the epoch of mid-transiE is the orbital periodAF is the
EulerCAM 2012 Nov 20 Gunn filter fractional flux-deficit that would be observed during trairsthe

WA SP-90: absence of limb-darkeningj4 is the total transit duration (from
SuperWASP-North 2004 May—2010 Oct 40800 points first to fourth contact)b is the impact parameter of the planet’s
EVSS;C-(S)%%BE 2%228 d’;”;%(igs‘)sggt 12 20105p£\i/nsts path across the stellar disc, aKg is the stellar reflex velocity
bty Aty 2012 Jun 03 | + 2 filter semi-amplitude. The resulting fits are reported in Tables42 t
EulerCAM 2012 Jul 28 Gunnfilter

TRAPPIST 2012 Sep 13 | + zfilter i i

EulerCAM 2013 Junplo Gunnfilter 5. Discussion

The three host stars, WASP-76, WASP-82 and WASP-90, are all
F stars with temperatures of 6250-6500 K. Their metalésiti

surface gravity (log) was determined from the ionisation bal{[F&/H] = 0.1-0.2) and space velocities are compatible with the
ance of Fa and Fen. The Car line at 6439A and the Nap local thin-disk population. The stellar densities derifreain the
lines were also used as Iggliagnostics. Values of microturbu-MCMC analysis, along with the temperatures from the spectra
lence &) were obtained by requiring a null-dependence on abu@Palysis, are shown on a modified H-R diagram in Fig. 4. All
dance with equivalent width. The elemental abundances wépgee stars have inflated rad(= 1.7-2.2 Ry) and thus appear
determined from equivalent width measurements of several (0 have evolved significantly. The indicated ages- @ Gyr are
blended lines. The quoted error estimates include thandiye Ccompatible with the estimates from gyrochronology (Sec#p
the uncertainties ifer and logg, as well as the scatter due to  1he three planets also all have inflated radii (1.7-1L&R
measurement and atomic data uncertainties. The projeeftats @nd are thus bloated hot Jupiters. This is likely relatecho t
rotation velocity ¢sinl) was determined by fitting the profileshigh temperature and large radii of the host stars. Weisk eta
of several unblended Felines. Macroturbulence was obtained2013) have shown that the radii of hot-Jupiter planetsatates
from the calibration by Bruntt etal. (2010). well with their irradiation. Our three new planets fit thesda-

For WASP-76, the rotation rat®(= 17.6 + 4.0 d) implied tlonshlp,_ and are all at th_e extreme _h|gh-|rrad|a_t|on, kigtius
by thevsin| (assuming that the spin axis is perpendicular to u§fd (their locations on Fig 14 of Weiss etal. being at fluxas 5.
gives a gyrochronological age Offﬁg‘é Gyr using the Barnes 5.2 and 2.9x1C° erg cn7?, s'%, and radii 20.1, 18.4 and 19.6
(2007) relation. The lithium age of several Gyr, estimatsithg Rearth for WASP-76b, WASP-82b and WASP-90b respectively).
results in Sestito & Randich (2005), is consistent. For WABP One caution, hoyvever, is that we have_a bias against finding un
the rotation rateR = 11.1+ 1.6 d) implied by thevsin| gives a bloated hot Jupiter around evolved, high-radius starsesthe
gyrochronological age of.4*84 Gyr. TheTe of this star is close transit depths would be low.
to the lithium-gap (Béhm-Vitense, 2004), and thus the latk  Of particular note is that, & = 9.5 andRp = 1.8 Ry,
any detectable lithium in this star does not provide a usatye WASP-76 is now the brightest known star transited by a planet
constraint. WASP-82 is too hot for reliable gyrochronotagor 1arger than 1.5 Ry, WASP-82 is not far behind & = 10.1 and
lithium ages. Rp = 1.7 Ry, comparable to WASP-79V(= 10.1,Re = 1.7

We list in Tables 2—4 the proper motions of the three stafgup Smalley etal. 2012, and KOI-1¥/(= 10.0,Rp = 1.8 Ryp,
from the UCAC4 catalogue (Zacharias etal. 2013). These %gnterne_ etal. 2012). Thus 'ghe new discoveries WI|| be Usefu
compatible with the stars being from the local thin-disc ypop 10" Studying bloated hot Jupiters. For example, Triaud (301
lation. We also searched the WASP photometry of each star f{99€sts that the orbital inclinations of hot Jupiters afiena-
rotational modulations by using a sine-wave fitting algoritas 10N Of System age. Given that radius changes of evolveesyst
described by Maxted etal. (2011). For none of the three siass 91V€ age constraints, WASP-76 and WASP-82 will be good sys-

a significant periodicity found<{1 mmag at 95%-confidence). E'el'?bsléos’r)ts)srtilpsgsg]; ':?;I%/ [\)/ZAVS\/EithCT)?J?dairzgliig\t/gg ;’:’;‘gh

orbit.
4. System parameters
The radial-velocity and photometric data (Table 1) were com

bined in a simultaneous Markov-chain Monte-Carlo (MCMC)
analysis to find the system parameters (see Collier Caméabn e
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Table 2. System parameters for WASP-76.

BD+01 316

1SWASP J014631.8824202.0

2MASS 014631850242019

RA =01"46"31.86, Dec=+024202.0" (J2000)
V mag= 9.5

Rotational modulation< 1 mmag (95%)

pm (RA) 46.6+ 0.7 (Dec), —39.9- 0.6 magyr
Stellar parameters from spectroscopic analysis.

Spectral type F7
Ter (K) 6250+ 100
logg 44+0.1
& (kms?) 14+0.1
Viadkm s1) 4.0+0.3
vsinl (kms?t) 3.3+ 0.6
[FeH] +0.23+0.10
log A(Li) 2.28+0.10
Distance 12@ 20 pc

Parameters from MCMC analysis.

P (d) 1.809886+ 0.000001
T. (HID) (UTC) 245 6107.8550% 0.00034
T4 (d) 0.1539+ 0.0008
AF = R¥Y/R? 0.01189+ 0.00016

b 0.14jg~(1)3$

i 88.0°13

Ki (kms?) 0.1193+ 0.0018

v (km s1) —1.0733+ 0.0002

e 0 (adopted) €0.05 at 3r)
M, (M) 1.46+ 0.07

R. (Ro) 1.73+0.04

logg. (cgs) 4,128+ 0.015

p- (0o) 0.286507

Ter (K) 6250+ 100

Mp (Maup) 0.92+ 0.03

Re (Ruug) 1.839%¢

logge (cgs) 2.80+ 0.02

a (AU) 0.0330=+ 0.0005
TF’,A:O (K) 2160+ 40

SOPHIE
CORALIE

Orbital phase

Errors are &r; Limb-darkening cofficients were:
TRAPPISTZ

al=0.683, a2 -0.349, a3= 0.565, a4= —0.286
EulerCAMrg:

al=0.593, a2 0.021, a3= 0.327, a4=-0.215

Fig. 1. WASP-76b discovery data: (Top) The WASP data folded
on the transit period. (Second panel) The binned WASP data
with (offset) the follow-up transit lightcurves (ordered from the
top as in Table 1) together with the fitted MCMC model. (Third)
The SOPHIE and CORALIE radial velocities with the fitted
model. (Lowest) The bisector spans; the absence of any-corre

lation wit

h radial velocity is a check against transit misic
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Table 3. System parameters for WASP-82.

o 0.06 1SWASP J045038.5915338.1
g 2MASS 045038560153381
= 0 RA =0450m38.56, Dec=+01°53 38.1' (J2000)
& V mag=10.1
0.06 Rotational modulation< 0.6 mmag (95%)
pm (RA)-17.5+ 0.9 (Dec), —17.2 0.7 magyr
Stellar parameters from spectroscopic analysis.
Spectral type F5
Ter (K) 6500+ 80
1 logg 4.18+ 0.09
& (kms?) 1.5+0.1
Vmadkm s?) 5.0£0.3
vsinl (kms?t) 26+0.9
E [Fe/H] +0.12+ 0.11
5 log A(Li) 3.11+0.08
2 0.99 Distance 200Gt 30 pc
S Parameters from MCMC analysis.
@ P (d) 2.705782+ 0.000003
T, (HID) (UTC) 245 6157.989& 0.0005
Ti4(d) 0.2077+ 0.0012
Ti2 = Taa (d) 0.01569912
AF = R/R? 0.00624+ 0.00012
098 | . | o i 4d b 0.167037
094 096 098 1 1.02 1.04 1.06 () 87.9'73
Ky (km s2) 0.1307+ 0.0019
[T T T T T T T Ty (kms?) —23.62827+ 0.00007
| i e 0 (adopted) €0.06 at 3r)
100 | sopHE o M- (Mo) 1.63+0.08
R. (Ro) 2.18%0
o i CORALIE 1 logg. (cgs) 3.973%%;3
& [ 1 o o) 0.15850y5
£ I 1 TaK) 6490+ 100
> 0@ Ny 1 Me(Myyp) 1.24+ 0.04
® i 1 Re(Rup 1.67:00
E) - 1  logge (cgs) 3.002(8;0’5;;
i ) pp (pJ) 026@00%9
-100 4 a(Av) 0.0447+ 0.0007
- g TP,A:O (K) 2190+ 40
- ¢ - Errors are r; Limb-darkening cofficients were:
—t— L1 EulerCAMrg:
o . ‘ ‘ al=0.494, az 0.424, a3= —-0.266, a4= 0.0436
§100—. s oo 9-; ® L0® * 7
n | ¢ ® i
2]
C A I S SO . S S
. | . | . | . | . | .

Orbital phase

Fig.2. WASP-82b discovery data (as for Fig. 1)
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Table 4. System parameters for WASP-90.

1SWASP J210207.4®70323.7
2MASS 014631850242019

RA =21"02"07.7G, Dec= +07°03 23.7" (J2000)

V mag=11.7

Rotational modulation< 1 mmag (95%)
pm (RA)-10.2+ 1.4 (Dec), 8.1 4.3 magyr

Stellar parameters from spectroscopic analysis. —

Spectral type F6
Ter (K) 6440+ 130 1
logg 4.32+0.09
& (kms?) 1.3+0.2
Vmadkm s1) 4.7+0.3
vsinl (kms?) 6.0+ 0.5
[Fe/H] +0.11+0.14 0.99
log A(Li) <1.7
Distance 340G 60 pc
Parameters from MCMC analysis. <
P(d) 3.916243¢ 0.000003 2098
T. (HID) (UTC) 2456235.563% 0.0005 o
T (d) 0.1398+ 0.0022 =
Tio = Tas (d) 0.033+ 0.003 s
AF = RE,/RE 0.0071+ 0.0002 o
b 0.841+ 0.013 0.97
i) 82.1+ 0.4
Ky (km s1) 0.060+ 0.006
y (km s1) 4.361+ 0.0003
e 0 (adopted) €0.5 at 3r)
M. (M) 1.55+ 0.10 0.96
R. (Ro) 1.98+ 0.09
logg. (cgs) 4.033+ 0.029
0. (o) 0.20+ 0.02
Te (K) 6430+ 130
Mp (Mup) 0.63+ 0.07 0.95
Re (Ruup) 1.63+ 0.09 0.
log gr (cgs) 2.73£ 0.06
a (AU) 0.0562+ 0.0012
Tpa-o (K) 1840+ 50 -
Errors are ir; Limb-darkening cofficients were: "
TRAPPISTI + z =
al=0.554, a2= 0.041, a3= 0.070, a4= —0.086 ; 0
EulerCAMrg: %
al=0.476, az= 0.422, a3= -0.226, a4= 0.020 Z
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Fig. 3. WASP-90b discovery data (as for Fig. 1)
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Fig. 4. Evolutionary tracks on a modified H-R diagramversus
Tex). The green lines are for a metallicity of [fF§ = +0.19; the
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