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ABSTRACT

We report the discovery of the planets WASP-20b and WASPak&hg with measurements of their sky-projected orbitaicplities.
WASP-20b is an inflated, Saturn-mass planet (034, 1.46Ry) in a 4.9-day, near-aligned & 8.1+ 3.6°) orbit around CD-24 102
(V=10.7; F9). WASP-28b is an inflated, Jupiter-mass planetl®.8, 1.21Ry,) in a 3.4-day, near-alignedi (= 8 + 18) orbit
around av=12, F8 star. As intermediate-mass planets in short orbitsrer aged, cool stars & Gyr for WASP-20 and & Gyr for
WASP-28; both withT; < 6250 K), their orbital alignment is consistent with the hifsis that close-in giant planets are scattered
into eccentric orbits with random alignments, which arentbiecularised and aligned with their stars’ spins via tidiakipation.
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1. Introduction termine the true obliquity¥), otherwise we can only determine

Planets that transit relatively bright host stavs( 3) are prov- the sky-projected ob_llqwt;_//lo. T_he_ two are related by:
ing a rich source of information for the nascent field of exxopl co;‘P. - Cos_l* COSlp + sinl, smm;osﬁ i
etology. To date, the main discoverers of these systemdmre“é’here'P is the inclination of the orbital axis to the sky plane.
ground-based transit surveys HATNet and SuperWASP and the The obliquity of a short-period, giant planet may be indica-
space mission Keplel (Bakos et al. 2004; Pollaccolét al.[20d&e of the manner in which it arrived in its current orbitfndar-
Borucki et al[ 20100). ther out, where it presumably formed. As the angular momenta
One parameter that, uniquely, we can determine for trangf a star and its planet-forming disc both derive from that of
ing planets is obliquity'¢), the angle between a star’s rotatiotheir parent molecular cloud, stellar spin and planetabytar
axis and a planet's orbital axis. We do this by taking spesfiea axes are expected to be, at least initially, aligned. Migratia
star during transit: as the planet obscures a portion ofdte-r tidal interaction with the gas disc is expected to presemitel
ing star it causes a distortion of the observed stellar lindilp, Spin-orbit alignment (Lin et al. 1996; Marzari & Nelson 2009
which manifests as an anomalous radia|-ve|ocity (RV) g]gm but almost half (33 of 74) of the orbits so far measured are mis
known as the Rossiter-McLaughlin (RMJfect [Rossitér 1924: aligned and approximately 10 of those are retrogthde.
McLaughlin[1924). The shape of the RMfect is sensitive to These results are consistent with the hypothesis that some
the path a planet takes across the disc of a star relativeeto ¢ all close-in giant planets arrive in their orbits by plane
stellar spin axis. If we have a constraint on the inclinatbthe planet angbr star-planet scattering, which can drive planets
stellar spin axis relative to the sky plank)( then we can de- into eccentric, misaligned orbits, and tidal friction, whicircu-
larises, shortens and aligns orbits (see the following aogh
* Based on observations made with: the WASP-South (Soutkedfri hased papers: Triaud et al. 2010; Winn et al. 2010; NaoZ et al.
ﬁ]”g g’z”%?%’véfg}ggﬁhc(éﬁefimfgdpphoéoénggmérliﬁc'ﬂmh 2011;[Albrecht et al. 2012; also see the following modelebas
3y . H Y 7. .
mounted on the 1.2-m Euler-Swiss telescope (La_ Silla); th&RPS ﬁaﬁgasrﬁulr:; gtriﬁkgglg-rﬂrg; ;I scbgb,lll)\lagasawa elal. 12008,
spectrograph on the ESO 3.6-m telescope (La Silla) undegranas e : )
072.C-0488, 082.C-0608, 084.C-0185 and 085.C-0393; ard®& s
Faulkes Telescope North (Maui) and Faulkes Telescope §8iding ! René Heller maintains a list of measurements and refeseate
Spring). http://www.physics.mcmaster.ca/~rheller/content/main_HRM.html
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Systems with short tidal timescales (those with short scal@able 2. Radial-velocity measurements
orbital major semi-axes/R., and high planet-to-star mass ra-

tios) tend to be aligned_(Albrechtetlal. 2012 and referenceStar ~ Spect. BJD(UTC) RV TRy BS
therein). A broad range of obliquities is observed for steith —2450000 ) ) .
Ter>6250K, for which tidal realignment processes may be in- (day) (kmsh) (kms?) (kms?)

efficient due to the absence of a substantial convective envdy-20 COR 465588265  1.3411  0.0074  0.0613
lope (Winn etall 2010; Schlaufman 2010). Limiting focus to W-20 COR  4658.86065  1.2969  0.0103  0.04%0
stars more massive than R, for which age determinations W-28  HAR  5428.71664 24.2674  0.0098 0.0021
are more reliable, Trialj(i (2(}11) noted .thqt systems olqtm th \Ww.208 HAR 542886297 243180 0.0094 0.0145
2'5 Gyrtend t_o be ‘?‘"gned? this COUId.be indicative of th_ea"e" The uncertainties are the formal errors (i.e. with no addest).
quired for orbital alignment or of the timescale over whidittlr  The yncertainties on the bisector spans (BS) arg,2
stars develop a substantial convective envelope as théyeevo This table is available in its entirety via the CDS.

A major hurdle to overcome for any hypothesis involving re-
alignment is tidal dissipation seems to cause both orb&adyl 154e 3. Follow-up photometry

and realignment on similar timescales (Barker & Ogilvie 200

Alternative hypotheses suggest that misalignments ai&seev ~Set  Star  Tel.  BJD(UTC) FluE  or
orientations of either the disc or the stellar spin and thigtraa —2450000
tion then proceeds via planet-disc interactions (e.q. Baéd. (day)

2010;| Lai et all 2011, Rogers et al. 2012). However, observat W-20 FTN  4765.04209 0.99958 0.00179
tions of debris discs well aligned with their stellar equateug- 1 W-20 FTN  4765.04283 1.00022 0.00163
gest that tilting of the star or the disc rarely occurs (Gesast al. - --
2014). 7 W-28 Euler 5443.88762 0.9971  0.0027

Here we present the discovery and obliquity determinationd  W-28 Euler 544388852 10006  0.0027
of the two new transiting planets WASP-20b (CD-24 102) anghe fiyx values are éierential and normalised to the out-of-transit
WASP-28b (2MASS J2334278D134482), and interpret the re-jgyels.
sults under the hypothesis of migration via scattering &l t The uncertainties are the formal errors (i.e. they have aehb
dissipation. rescaled).

This table is available in its entirety via the CDS.

2. Observations

We provide a summary of observations in Talle 1. Thected RV variations with periods similar to those founchiro
WASP (Wide Angle Search for Planets) photometric survalie WASP photometry and with semi-amplitudes consistettt wi
(Pollacco et al._2006) monitors bright star¥ & 9.5-13.5) planetary-mass companions. We plot the RVs, phased on the
using two eight-camera arrays, each with a field of viewansit ephemerides, in the third panel of Figures 1[@nd 2 and
of 450 ded. Each array observes up to eight pointings pgfe highlight the RM &ects in Figuré3

night with a cadence of 5-10 min, and each pointing is fol- For each star, we tested the hypothesis that the RV variation
lowed for around five months per season. The WASP-Souffe due to spectral-line distortions caused by a blendégsecl
station (Hellier etall 2011) is hosted by the South Africamhg binary or starspots by performing a line-bisector asialpf
Astronomical Observatory and the SuperWASP-North statigRe cross-correlation functiorls (Queloz éi al. 2001). Btk of
(Faedietal. 2011) is hosted by the Isaac Newton Group #y significant correlation between bisector span and RV sup
the Observatorio del Roque de Los Muchachos on La Palnarts our conclusion that the periodic dimming and RV véiat
The WASP da’ga were proc_essed and searched for transit gifleach system are caused by a transiting planet (Figurewg. T
nals _as descrlbgd in_Collier Cameron €t al. (2006) and trgfurther Supported by our observation of the RiVeet of each
candidate selection process was performed as describedsystem: thersinl, values from our fits to the RMfEects are con-
Collier Cameron et al. (2007). We observed periodic dimmingjstent with the values we obtain from spectral line broéutgn

in the WASP lightcurves of WASP-20 and WASP-28 with peri(See Sectior{s 3 and 4).

ods of 4.8996 d and 3.4088d, respectively (see the top pahels e performed follow-up transit observations to refine the
Figured 1 anfl2). We searched the WASP lightcurves for moddystems’ parameters using the 1.2-m Swiss Euler telescope
lation as could be caused by magnetic activity and steltation  (_endl et al.[2012), and LCOGT’s 2.0-m Faulkes Telescopes
(Maxted et al. 2011). We did not detect any significant, réga North and South[(Brown et dl. 2013). Some transit lightcarve
SlgnalS and we find that any modulation must be below the @'ere dfected by technical pr0b|ems or poor Weather, as indi-

mmag level. cated in TablElL.
We obtained 56 spectra of WASP-20 and 26 spectra of

WASP-28 with the CORALIE spectrograph mounted on the
Euler-Swiss 1.2-m telescope (Baranne et al. 1996; Quelalz et
2000). We obtained a further 63 spectra of WASP-20 with the
HARPS spectrograph mounted on the 3.6-m ESO telescope
(Mayor et al.. 2003), including a sequence of 43 spectra taken
through the transit of the night of 2009 October 22. We ob-
tained a further 33 spectra of WASP-28 with HARPS, includ-
ing 30 spectra taken through the transit of the night of 2010
August 17. Radial-velocity (RV) measurements were contpute
by weighted cross-correlation_(Baranne et al. 1996; Pepk et
2005) with a numerical G2-spectral template (Table 2). We de
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Table 1. Summary of observations

Facility Date Nobs Texp Filter Issue
(s)
WA SP-20:
WASP-South 2006 May—2007 Nov 9600 30 Broad (400-700 nm) —
EuleyCORALIE 2008 Jul-2013 Oct 56 1800 Spectroscopy —
ESO-3.6nMHARPS 2008 Aug-2011 Sep 20 600-1800 Spectroscopy —
FTYSpectral 2008 Oct 25 151 40 z autoguider
ESO-3.6nmHARPS 2009 Oct 22 43 300-40200 Spectroscopy —
FTN/Merope 2011 Aug 20 70 70 z rotator
EuleyEulerCam 2011 Aug 29 237 20 Gumn- cloud
EuleyEulerCam 2011 Sep 03 156 70 Gunn- —
EulerEulerCam 2011 Sep 08 201 30 Gunn- —
WASP-28
WASP-South 2008 Jun—-2009 Nov 10100 30 Broad (400-700 nm) —
SuperWASP-North 2008 Aug—2010 Sep 6600 30 Broad (400-7Q0 n#+
EuleyCORALIE 2009 Jun—-2012 Dec 26 1800 Spectroscopy —
FTN/Merope 2009 Oct 21 227 40 z unknown
ESO-3.6nHARPS 2010 Aug 17-19 33 60200 Spectroscopy —

EuleyC2 2010 Sep 03 217 25 Gumn- —
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Fig. 1. WASP-20b discovery datdop panel: WASP lightcurve
folded on the transit ephemerisMiddle panel: Transit
lightcurves from facilities as labelled,ffset for clarity and
binned with a bin width of two minutes. The best-fitting tran-
sit model is superimpose8ottom panel: The radial velocities
(CORALIE in blue, HARPS in brown) with the best-fitting cir-
cular Keplerian orbit model and the RMFect model.
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3. Stellar parameters from spectra

L Fig. 4. The lack of any significant correlation between bisector
The 9 individual HARPS spectra from 2008 of WASP-20 wergnan and radial velocity excludes transit mimics and sugpor

co-added and a total of 18 individual CORALIE spectra weig conclusion that each system contains a transiting plane
co-added to produce one spectrum per star with typiddld

150:1 (WASP-20) and 70:1 (WASP-28). The standard pipeline

reduction products were used in the analysis. (vsinl,) by fitting the profiles of several unblendedifi@es. We

The analysis was performed using the methods given determined thersinl. of WASP-20 from the 62 HARPS spec-
Gillon et al. (2009). TheH,, line was used to determine the efira obtained up 2010 and thesinl.. of WASP-28 from all 33
fective temperatureTis), while the Nar D and Mg b lines available HARPS spectra.
were used as surface gravity (Ig9 diagnostics. The parame-
ters obtained from the analysis are listed in Table 4. Thaete
tal abundances were determined from equivalent width nieas
ments of several clean and unblended lines. A value for micigve determined the parameters of each system from a simulta-
turbulence £) was determined from Feusing Magain’s (1984) neous fit to the lightcurve and radial-velocity data. The fisw
method. The quoted error estimates include that given by therformed using the current version of the Markov-chain Mon
uncertainties infer, logg. andé, as well as the scatter due toCarlo (MCMC) code described by Collier Cameron etlal. (2007)
measurement and atomic data uncertainties. and Pollacco et al. (2008).

We assumed values for macroturbulengg,f) of 4.5+ 0.3 The transit lightcurves are modelled using the formulation
km st and 4.7+ 0.3 km s* for WASP-20 and WASP-28, re- of[Mandel & Agol (2002) with the assumption that the planet is
spectively. These were based on the tabulation by Gray {2008uch smaller than the star. Limb-darkening was accounted fo
and the instrumental FWHMs of 0.065A (HARPS) and 0£1 using a four-coficient, nonlinear limb-darkening model, using
0.01 A (CORALIE), as determined from the telluric lines andu coefficients appropriate to the passbands from the tabulations of
6300A. We determined the projected stellar rotation véyociClaret (2000, 2004). The cfiwients are interpolated once using

e System parameters from the RV and transit data
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Table 4. Stellar parameters from the spectra

Parameter WASP-20 WASP-28
Star CD-24 102 2MASS J23342780134482
Constellation Cetus Pisces
R.A. (J2000) 00203853 23'34M2787
Dec. (J2000) -23°5608'6 -01°3448'2
B 11.17 12.50

Y, 10.68 12.03

J 9.70 11.08

H 9.42 10.76

K 9.39 10.73

Tet 6000+ 100 K 6100+ 150 K
logg. 4.40+0.15 45+ 0.2

& 1.2+ 0.1 km st 1.2+ 0.1 km s?
vsinl, 3.5+ 0.5km s? 3.1+ 0.6 km s?
[Fe/H] -0.01+ 0.06 -0.29+ 0.10
[Si/H] +0.03+ 0.09 -0.22+0.10
[Ca/H] +0.09+ 0.11 -0.20+0.12
[SgH] +0.03+ 0.06 e
[Ti/H] +0.09+ 0.11 -0.21+ 0.07
[V/H] +0.09+ 0.07

[Cr/H] -0.04+ 0.06

[Mn/H] -0.01+0.08

[CoH] -0.02+ 0.08 e
[Ni/H] 0.00+ 0.06 -0.28+0.08
log A(Li) 2.40+0.10 2.52+ 0.12
Spectral type F9 F8

Age 72 Gyr 573 Gyr
Distance 21G: 20 pc 410+ 70 pc

bines withM. to give the stellar radiuR.. The stellar &ective
temperatur@ o and metallicity [F¢H] are proposal parameters
constrained by Gaussian priors with mean values and va$anc
derived directly from the stellar spectra (see Sedion 3).

As the planet-to-star area ratio is determined from the mea-
sured transit depth, the planet radis follows from R.. The
planet mas$/p is calculated from the measured valuekafand
the value ofM,; the planetary densitgp and surface gravity
loggp then follow. We calculate the planetary equilibrium tem-
peraturel ¢, assuming zero albedo anffieient redistribution of
heat from the planet’'s presumed permanent day side to it& nig
side. We also calculate the durations of transit ingréss @nd
egressTsa).

At each step in the MCMC procedure, model transit
lightcurves and radial velocity curves are computed from th
proposal parameter values, which are perturbed from the-pre
ous values by a small, random amount. JAstatistic is used to
judge the goodness of fit of these models to the data and the de-
cision as to whether to accept a step is made via the Metpoli
Hastings rule (Collier Cameron et al. 2007): a step is aezeipt
x? is lower than for the previous step and a step with higlter
is accepted with a probability proportional to expg?/2). This
gives the procedure some robustness against local minicha an
results in a thorough exploration of the parameter spaagnaro
the best-fitting solution. To give proper weighting to eatlop
tometric data set, the uncertainties were scaled at thieodtidre
MCMC so as to obtain a photometric reduggdef unity. To ob-
tain a spectroscopic reducgd-of unity we added ‘jitter’ terms

Notes: We determined/sinl, from different subsets of spectra thann quadrature to the formal RV errors of WASP-20: 12 THher
the other parameters, as described in the text. The magsitre from the CORALIE RVs and 7 m$ for the HARPS RVs; no jitter
the NOMAD cataloguel (Zacharias el al. 2004). The spectggyare 55 required for WASP-28.

estimated fronT; using Table B.1 in Gray (2008).

For both WASP-20b and WASP-28b we find, using the
test approach of Lucy & Sweeney (1971), that the improvement
in the fit to the RV data resulting from the use of an eccentric o

the values of log. and [F¢H] in Tablel4, but are interpolated atbit model is small and is consistent with the underlying bilet

each MCMC step using the latest valueTef;. The codficient

ing circular. We thus adopt circular orbits, which Andersbial.

values corresponding to the best-fitting valueTgf are given (2012) suggest is the prudent choice for short-periddpiter-

in Table[5. The transit lightcurve is parameterised by theclp mass planets in the absence of evidence to the contrary. We
of mid-transitTy, the orbital period, the planet-to-star area ra-find 2-o- upper limits one of 0.11 and 0.14 for WASP-20b and

tio (Re/R.)?, the approximate duration of the transit from initiaWASP-28b, respectively.

to final contactT14, and the impact parametbr= acosip/R.

Due to the low impact parameter of WASP-28b determi-

(the distance, in fractional stellar radii, of the trangibed from  nations ofvsinl, and A are degenerate (Triaud ef al. 2011;
the star’s centre in the case of a circular orbit), wheiie the [Albrecht et al! 2011; Anderson etlal. 2011a). To ensusil,
semimajor axis and is the inclination of the orbital plane with is consistent with our spectroscopic measurement, we ieghos
respect to the sky plane.
The eccentric Keplerian radial-velocity orbit is paramewith mean and variance as determined from the HARPS spectra
terised by the stellar reflex velocity semi-amplitudlg the sys- (see Sectioql3). From an MCMC run with no prior we obtained
temic velocityy, an instrumentalset between the HARPS andi = -8 + 54° andvsinl.= 4.1°33 km s, with vsinl, reaching
CORALIE spectrographayuares, and yecosw and vesinw  values as high as 30 knt’s which is clearly inconsitent with
wheree is orbital eccentricity and is the argument of perias- the spectral measurementadinl, = 3.1+ 0.6 km s. The de-
tron. We useyecosw and Vesinw as they impose a uniform generacy betweewsin!, and. could be broken by line-profile
prior on e, whereas the jump parameters we used previousfymographyl(Albrecht et 1. 2007; Collier Cameron ét al.(01

ecosw andesinw, impose a linear prior that biasestoward

a Gaussian prior on it by means of a Bayesian penalty?on

The median values and thesilimits of our MCMC parame-

higher values (Anderson et/al. 2011b). The Rfieet was mod- ters’ posterior distributions are given in Table 6 alongwiitose

elled using the formulation of Gimenez (2006) and, for &mi of the derived parameters. The best fits to the radial vééscit

reasons, is parameterised Wy sinl cos and Vvsinl sin .
The linear scale of the system depends on the orbital sepaaiects highlighted in Figuifd 3. There is no evidence of addéio

tion a which, through Kepler’s third law, depends on the stelldrodies in the RV residuals (Figure 5).

massM.. At each step in the Markov chain, the latest values We checked the féect of splitting the HARPS RVs for

of p., Teg and [FgH] are input in to the empirical mass cali-WASP-20 into two sets: those taken around the spectroscopic

bration of_ Enoch et al! (2010) (as based upon Torres et all 2Qtansit observation, spanning 2009 Oct 20-28, and the remai

and as updated by Southworth 2011) to obtein The shapes der. The fit to the RM fect was very similar to that when treat-

of the transit lightcurves and the radial-velocity curvesiain

and the photometry are plotted in Figukés 1 Bhd 2, with the RM

ing the HARPS RVs as a single datasetH11.9 + 3.8°; vsinl.,

stellar density, (Seager & Mallen-Ornelas 2003), which com= 4.75+ 0.51 km s%).
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Table 5. Limb-darkening cofficients

Planet Instrument

Observation bands

Claret baral a as a

WASP-20 WASP EulerCam
WASP-20 FTN/ FTS
WASP-28 WASP EulerCam

Broad (400—700 nmisunnr
Sloarz
Broad (400—-700 nmizunnr

WASP-28 FTN Sloar

CousinsR 0577 -0.042 0.484 -0.290
Sloanz 0.652 -0.345 0.635 -0.325
CousinsR  0.428 0.456 -0.175 -0.023
Sloanz 0.516 0.036 0.160 -0.135

WASP-20
<y T

3.0 Gyr
14 | Y

(Plpe) ™

1.2 Mg

[ ' i
v ' '
1 Y 1

/0.9 Mg

6500 6000
T/ K

WASP-28

WASP-28b) are consistent with the predictions of the empiri
cal relations of Enoch et al. (2012): 1.B3,,for WASP-20b and
1.26Ryp for WASP-28b.

We find both planets to be in prograde orbits and, as the
vsinl, values are consistent with expectations ¥ofor such
stars, it is probable thdt. ~ 90° and so¥ ~ A. Assuming
the spin axis of WASP-20 to be in the sky plane, the orbit
of WASP-20b is aligned or near-aligned with the stellar spin
(1 = 8.1+ 3.6°). Although our determination for WASP-28b
(1 = 8+ 18) is consistent with an aligned orbit, its low impact
parameter results in a greater uncertainty.

Both host stars are near the posited boundary between ef-
ficient and indficient aligners ofTey » 6250K (Winn et al.
2010;/ Schlaufman 2010). Both systems, with their low oblig-
uity determinations, are consistent with the observatiam $ys-
tems with cool host stars and short expected tidal timescale

are aligned|(Albrecht et al. 2012 and references thereiith W
Mp/M.. = 0.00025 andy/R, = 9.3, WASP-20b experiences rel-
atively weak tidal forces. Its relative tidal dissipatioméscale
of Tce = 2.6 x 10" yr is the longest for the cool-host group
barring HD 17156 b (see section 5.3of Albrecht éi al. 2042).
With Mp/M, = 0.00084 andy/R. = 9.5, 7cg = 2.5 x 10% yr
for WASP-28b, placing it within the main grouping of aligned
cool-host systems. Assuming the planets did not arrive air th
current orbits recently, the advanced age of both systengs, 7
N 5 Gyr for WASP-20 and & Gyr for WASP-28, mean tidal dissi-
10M, N pation would have occurred over a long timescale.

= The planets may have arrived in their current orbits via
planet-disc migration [ (Linetal.l 1996/ Marzari & Nelson
2009) or via the scattering and circularisation route
(Fabrycky & Tremaine 2007; Nagasawa et al. 2008;

Fig.6. Modified H-R diagrams. The isochrones, fromMatsumuraetal. 2010; Naozetal. 2011). Assuming the

Bressan et al. (2012), are in steps of integer Gyr &ith 0.0152 latter, the planets may have scattered into aligned orbitsay

may have aligned with the spins of their host stars via tioliir
for WASP-20 andZ = 0.0078 for WASP-28. The mass tracks,_ _: ; :
from(Bertelli et al. (2008), are in steps of (ML with Z = 0.019 action, though how this could have occurred without the @ign

for WASP-20 and = 0.0097 for WASP-28. ;a(l)l(;r:g into their stars is currently a mystery (Barker & Oy

1.2

(Plpe) ™

1 1 3

6400 6200 6000 5800
T/ K

We interpolated the mass tracks of Bertelli etlal. (2008) a
the isochrones of Bressan et al. (2012) ugindles and [FeéH]
from the MCMC analysis (Figurel 6). This suggests an age WASP-South is hosted by the South African Astronomical
7*2Gyr for WASP-20 and 5 Gyr for WASP-28. The mass Observatory and SuperWASP-North is hosted by the Isaac
tracks suggest a stellar mass dDthgg; Mo for WASP-20 and Newton Group on La Palma. We are grateful for their ongoing
0.91+ 0.06 M, for WASP-28. These are slightly lower than thesupport and assistance. Funding for WASP comes from consor-
masses derived from our MCMC analyse2Ql+ 0.04M,, for tium universities and from the UK's Science and Technology
WASP-20 and D2 + 0.05M,, for WASP-28), though they are Facilities Council. M. Gillon is a FNRS Research Associdte.
consistent at the 2.3-(WASP-20) and 1.4 (WASP-28) levels. H. M. J. Triaud is a Swiss National Science Foundation fellow

under grant number PBGEP2-145594.
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Table 6. System parameters from the MCMC analyses

Parameter Symbol WASP-20 WASP-28 Unit
Orbital period P 4.8996285+ 0.0000034 3088300+ 0.000006 d
Epoch of mid-transit Te 245571565562+ 0.00028 2455 29@0519+ 0.00031 BJD (UTC)
Transit duration Tia 0.1416+ 0.0013 01349+ 0.0010 d
Transit ingres®&gress duration Tio=Tas 0.0263+ 0.0016 001441+ 0.00070 d
Scaled orbital major semi-axis /R, 9.29+0.23 879+ 0.19

Planet-to-star area ratio AF = RYR 0.01161+ 0.00022 001300+ 0.00027

Impact parameter b 0.718+0.018 021+ 0.10

Orbital inclination ip 8557+ 0.22 8861+ 0.67 °
Stellar reflex velocity semi-amplitude K1 330+17 1205+ 4.2 ms?
Systemic velocity v 1316222+ 0.080 2421641+ 0.43 ms?
Offset between HARPS & CORALIE  Aypares 16.10+0.74 60+12 ms?
Eccentricity e 0 (adopted<0.11 at 2r) 0 (adopted<0.14 at 2r)
Sky-projected spin-orbit angle pl 81+36 8+ 18 °
Sky-projected stellar rotation velocity  vsinl., 471+ 0.50 325+ 0.34 km s?!
Stellar mass M. 1.202+ 0.040 1021+ 0.050 Mo
Stellar radius R. 1.392+0.044 1094+ 0.031 R,
Stellar surface gravity log. 4.232+ 0.020 4370+ 0.018 (cgs)
Stellar density s 0.447+0.033 Q784+ 0.058 Po
Stellar dfective temperature Test 5950+ 100 6150+ 140 K
Stellar metallicity [FeH] —-0.009+ 0.061 -0.290+ 0.10

Planetary mass Mp 0.313+ 0.018 Q907+ 0.043 Maup
Planetary radius Rp 1.458+ 0.057 1213+ 0.042 Rup
Planetary surface gravity lap 2527+ 0.036 3149+ 0.028 (cgs)
Planetary density pp 0.1006292%1 0508+ 0.047 Paup
Orbital major semi-axis a 0.06003+ 0.00067 004469+ 0.00076 AU
Planetary equilibrium temperature Teg 1379+ 32 1468+ 37 K
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