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ABSTRACT

We report the detection of a 0.6 jextrasolar planet by WASP-South, WASP-25b, transit-
ing its solar-type host star every 3.76 days. A simultanemadysis of the WASP and FTS
photometry and CORALIE spectroscopy yields a planet pERL.26R; and M, = 0.58 M,
around a slightly metal-poor solar-type host star/He= -0.05+0.10, of R = 0.95R; and

M. = 1.00 M,. WASP-25b is found to have a density@f = 0.29 p;, a low value for a
sub-Jupiter mass planet. We investigate the relationdtptaoetary radius to planetary equi-
librium temperature and host star metallicity for trangitiexoplanets with a similar mass
to WASP-25b. We find that the relatid®, = 0.3691- 0.3481[F¢H] + 6.309(Teq/1000)
matches the observed radii of these planets.

Key words: planetary systems

1 INTRODUCTION the opacity of an exoplanet's atmosphere, retarding cgodind
leading to a larger radius for a given mass. Another influemrce
a planet's radius may be the equilibrium temperature of thagi
(Guillot & Showman 2002), determined by the stellar irrditia
and the planet's distance from its host star. Tidal heatingtd the
circularisation of the orbits of close-in exoplanets magoaplay
a role in inflating the planetary radius (Bodenheimer et 803
Jackson et al. 2008). One motivation of the SuperWASP pragec
to detect enough transiting exoplanets, with a wide rangelufal
and compositional parameters, to allow analyses that mstindi
guish between suchfiiering models.

To date, over 440 exoplanets have been discovered, ingudare
than 70 detected by the transit metho@he transit method to-
gether with follow-up radial velocity observations alloweasure-
ment of both the mass and radius of the planet, leading toweval
for the planet's bulk density (Charbonneau et al. 2000). dtingo-
spheric composition of transiting exoplanets can also besii
gated through high-precision photometric and spectrascnea-
surements, see e.g. Charbonneau et al. (2002).

A wide range of transiting exoplanets radii has been fourtt an
there has been much investigation into the factors that my-i
ence a planet's radius. For example, Guillot et al. (2006ppse a
negative relationship between the metallicity of a host atal the
radius of an orbiting planet, caused by an increase in theuamo
of heavy elements in the planet, leading to a more massive cor
and hence smaller radius for a given mass. Alternativelyr@®us
et al. (2007) consider that increasing the metallicity magréase

In this paper, we report the discovery of a Wg planet or-
biting a solar-mass star, WASP-25TYC6706-861-1~=1SWASP
J130126.36-273120.0), in the southern hemisphere. Aisabfs
photometric and spectroscopic data reveals WASP-25b tnbe a
other low-density planet, comparable to HD 209458b (Charbo
neau et al. 2000). We also analyse the dependence of theofadii
planet's of similar mass to WASP-25b, including 7 other WASP
planets, on host star metallicity and planetary equilitoritemper-

* E-mail:becky.enoch@st-andrews.ac.uk ature, finding an excellent agreement between observedaid ¢
1 www.exoplanet.eu brated radii.
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Figure 1. WASP discovery lightcurve folded on the orbital period of
P = 3.765 d. Points with error above 38 medianwere clipped, where
median= 0.012 mag

In Section 2 we describe the photometric and spectrscopic ob
servations and data reduction procedures. In Section 3 esept
the stellar and planetary parameters extracted from thate Hi-
nally, in Section 4 we compare WASP-25b with the ensemble of
known planets of similar mass, and examine the relationbbip
tween stellar metallicity, irradiating flux and planet rasli

2 OBSERVATIONS
2.1 Photometric Obervations

The WASP-South observatory is located at SAAO in South Afric
and consists of eight 11cm telescopes & & 7.8° field of view
each, on a single fork mount. The cameras scan repeatedlygr
eight to ten sets of fields, taking 30 second exposures. SEz&®
et al. (2006) for more details on the WASP project and the data
duction procedure, and Collier Cameron et al. (2007) anthPobd
et al. (2008) for an explanation of the candidate selectiongss.

WASP-25 was observed by WASP-South in 2006, 2007 and
2008, producing a total of 14,186 photometric datapoirt& 2007
dataset showed the transit event most clearly, detectepleaiad of
3.76 days. Figure 1 shows the WASP-South discovery lightgur
using data from all seasons.

Further photometric observations were subsequently oddai
on 2010 April 3 using the LCOGT 2m Faulkes Telescope South
(FTS) at Siding Spring, Australia. Observations were otséi
using the fsO1 Spectral camera containing a 4896096 pixel
Fairchild CCD which was binned 2 2 giving 0.303 arcsépixel
and a field of view of~ 10 x 10'. 285 datapoints were obtained
through a Pan-STARRS z filter, capturing an entire transit.

The data were pre-processed through the WASP Pipeline (Pol-
lacco et al. 2006) to perform masterbitat creation, debiassing
and flatfield correction in the standard manner. Object dieteand
aperture photometry was performed using the DAOPHOT (Stet-
son 1987) package within the IRAF environntewith an aperture
size of 18 binned pixels. Eerential magnitudes of WASP-25 were
formed by a weighted combination of the flux relative to 26 eom
parison stars within the field of view

2 |RAF is distributed by the National Optical Astronomy Obssory,
which is operated by the Association of Universities for &esh in As-
tronomy (AURA) under cooperative agreement with the NatldBcience
Foundation.
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Figure 2. FTS follow-up photometry of WASP-25 on 3 April 2010. The
central transit time is at HIB 5290.05617.
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Figure3. Top plot: Radial velocity measurements. The solid line éstibst-
fitting MCMC solution. The centre-of-mass velocity= -2.63236 km 31,
was subtracted. Bottom plot: Bisector spans (BS), wit = 20ry.

2.2 Spectroscopic Observations

WASP-25, a Vg = 11.9 star, was observed 29 times with the
CORALIE spectrograph on the 1.2m Euler telescope, betw&en 2
December 2008 and 28 June 2009. The spectra were processed us
ing the standard data reduction pipeline for CORALIE (Baman

et al. 1996; Mayor et al. 2009), plus a correction for the élamc-

tion (Triaud & et al 2010). These data are given in Table 1 and
shown phase-folded in Figure 3: the low-amplitude radidbeity
variations and the lack of correlation between the bisespams

and radial velocity, shown in Figure 4, are consistent wifiteaet-
mass object orbiting the host star.

3 SYSTEM PARAMETERS
3.1 Stellar Parameters

The CORALIE spectra were placed on a common wavelength scale
and co-added to produce a higher signal-to-noise spectllioay-

© 2010 RAS, MNRASD00, 1-7



WASP-25b: a 0.6 MYplanet in the Southern hemisphere.3

Table 1. CORALIE radial velocity measurements of WASP-25

BJD-2 400 000 RV ORV BS
(kms1) (kms?) (kms?)
54829.8227 -2.577 0.013 -0.019
54896.7698 -2.651 0.011 -0.022
54940.7092 -2.716 0.012 0.010
54941.7043 -2.619 0.012 -0.012
54942.7257 -2.576 0.012 -0.029
54943.6374 -2.618 0.012 -0.055
54944.7155 -2.680 0.012 -0.032
54945.7265 -2.615 0.013 -0.011
54946.6166 -2.582 0.013 -0.019
54947.6016 -2.641 0.011 -0.000
54947.7912 -2.689 0.013 0.001
54948.6130 -2.704 0.011 -0.011
54949.8031 -2.551 0.018 -0.030
54950.6221 -2.591 0.013 -0.044
54951.6953 -2.701 0.012 -0.011
54971.6453 -2.678 0.021 0.026
54972.6724 -2.561 0.013 0.027
54973.5157 -2.587 0.013 -0.030
54974.6787 -2.714 0.014 -0.064
54975.5379 -2.667 0.014 -0.023
54976.6837 -2.556 0.013 -0.011
54982.6194 -2.664 0.021 -0.029
54983.6213 -2.568 0.015 0.043
54983.6446 -2.597 0.015 -0.029
54984.5785 -2.558 0.015 0.023
54985.6100 -2.699 0.012 0.004
54995.5555 -2.509 0.014 -0.061
55009.6287 -2.606 0.018 0.018
55010.5967 -2.539 0.023 -0.036
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Figure 4. Bisector spans versus radial velocity, where bisector taicgies
are taken to be equal to twice the radial velocity uncerigsnt

ing an analysis of the host star and thus measurement ofeliarst
temperature, gravity, metallicity,sini and elemental abundances,
given in Table 2, wherg is microturbulence. The spectral data were
analysed using the UCLSYN spectral synthesis package (&mal
et al. 2001) and ATLAS9 models without convective overshmpt
(Castelli et al. 1997). Thefkactive temperature and log g were de-
termined using the kland H3 lines, and the Na ID and Mg Ib lines
respectively, while the Ca H and K lines provided a check as¢h
values. Further details of the spectral analysis are gimewest
et al. (2009). The analysis yieldegd = 5750+ 100K and [FgH]
=-0.05+0.10.
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Table 2. Stellar Parameters of WASP-25

Parameter Value
Teff 5750+ 100 K
logg 4.5+ 0.15

n 1.1+0.1kms?

vsini 3.0+ 1.0kms?

Spectral Type G4

[Fe/H] -0.05+0.10
[Si/H] 0.00+ 0.06
[CaH] 0.08+0.14
[Ti/H] 0.04+ 0.07
[Ni/H] -0.08+0.10
log[Li/H] 1.63+0.09

V (mag) 11.88

1 SWASP J130126.36-273120.0

3.2 System Parameters

The WASP-South and FTS photometry were simultaneously anal
ysed with the CORALIE radial velocity data in a Markov-Chain
Monte-Carlo (MCMC) analysis. This analysis is describe€oi-
lier Cameron et al. (2007), but is here modified as described i
Enoch et al. (2010) to determine stellar mass and radiugyusin
calibration on g, log o and [F¢H] (similar to the Teg, log g and
[Fe/H] calibration described in Torres et al. (2009)). The terape
ture and metallicity were obtained through spectral anslfgven

in Table 2), and the density is determined directly from thetpm-
etry. Mass and radius values obtained for other WASP host i@
this method agree closely with values obtained throughhisoe
analysis.

An initial analysis was performed allowing the eccentyicit
value to float, producing a value ef = 0.114735:7. This eccen-
tricity value is consistent with 0 at ther3evel, and was suspected
to not be significant, as can occur from spurious asymmeinies
quadrature fits due to noise (Laughlin et al. 2005), so a skanal-
ysis was performed with eccentricity fixed to 0. We perfornaed
F-test on the radial velocity residuals from the circulad floating
eccentricity fits, resulting in a value of 0.897 which shoWwattthe
eccentric fit is not significant.

The resulting circular model best-fit parameters for the-sta
planet system are listed in Table 3, using the best-fit paensie
from thee = O fit and the uncertainties from the fit allowing ec-
centricity to float, to sfficiently account for uncertainty due to
unknown eccentricity. The results show WASP-25 to be a solar
analogue of one solar mass an®® + 0.04 solar radius, and
WASP-25b to be a bloated hot Jupiter ab® + 0.04 M; and
1.26 + 0.06 R;, giving a planet density gf = 0.29°53% p;.

The stellar density of 18312 p,, obtained from the MCMC
analysis was used along with the determined stellar tertyera
and metallicity values in an interpolation of the Girardaét(2000)
stellar evolution tracks, see Figure 5. Using the best-fitattieity
of —0.06 indicates that WASP-25 has a mass &9 0.04 M,
agreeing well with the calibrated MCMC result, and an age 52
2.1 Gyr.
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Table 3. System Parameters of WASP-25

4 DISCUSSION

A density of 02973%3 p, places WASP-25b amongst the bloated
hot Jupiters, with over 80% of known transiting exoplanetgb
more densé Guillot et al. (2006) proposed a correlation between
the metallicity of a host star and the amount of heavy element
present in the planet. A larger amount of heavy element&kéyli

Parameter

Period (days)

Transit Epoch (HJD)
Transit duration (days)
PlanetStar area ratio

Impact Parameter

Stellar Reflex Velocity (ms')
Centre-of-mass Velocity (m$)
Orbital separation (AU)
Orbital inclination (deg)

Orbital eccentricity

Stellar mass (M)

Stellar radius (R)

Stellar surface gravity (log.)
Stellar density o)

Stellar metallicity

Stellar gfective temperature

Planet mass ()

Planet radius (R

Planet surface gravity (logy)
Planet densityd)

Planet temperature &0, F=1) (K)

Symbol Value
P 3.76483 + 0.00005
To 525993733 + 0.00023
D 0.117 + 0.001

R2/R2 0.0188 + 0.0003
b 04339
Ky 755 + 51
y -26324 + 0.6
a 0.0474 + 0.0004
i 87.7 + 05
e 0.0
M. 1.00 + 0.03
R. 0.95 + 0.04

log g. 4.49 + 0.03
P 118313

[FeH] -0.06 + 0.10
ekt 5712 + 100
Mp 0.58 + 0.04
Rp 1.26 + 0.06

log gp 292 + 0.04
P 02883937

Teq 1231 + 40

thus tend to spawn planets with bigger cores, giving theghsi
smaller radii at a given mass.

For a given planet mass, an alternative influence on thesadiu
of an exoplanet is the planet's equilibrium temperaturees¢sin
etal. 2007), Bq, defined as

R,

to produce a more massive rocky core and hence would lead to Teq=T, ef Z\ @

larger planetary radii for lower metallicity stars, for asgn plan-
etary mass (Fressin et al. 2007). Alternatively, the hedegents
could increase the opacity of the planetary interior, ptédy in-
creasing the radius (Burrows et al. 2007). We plot the raghiiast
host star metallicity of 19 planets of a similar mass to WAZED-
(0.4-0.7M; - see Table 4 for details) in Figure 6, shown with a
least absolute deviation linear fit overplotted. WASP-25plotted
with a diamond around the cross. The two significant outlars
[Fe/H] = 0.45 and 0.34 are XO-2b (Burke et al. 2007) and Kepler-

6b (Dunham et al. 2010) respectively.

The correlation coficient of these radii and metallicities is -
0.51, showing a moderate negative relationship. The negsibope
implies that the ffect of a massive core outweighs th&eet of
increased opacity in the interior of the planet. Metal-rigtiars

2 www.exoplanet.eu

where T ¢ is the host star'sféective temperatureR, is the stellar
radius and is the semi-major axis. We find the correlation between
the equilibrium temperature and radius of these 20 plaretset
0.70, a strong relationship, shown in Figure 7.

Since both the host star metallicity and the planet's eouili
rium temperature explain the planetary radii in part, wefqraned
a weighted Singular Value Decomposition (SVD) fit to fullyeaou
tify the relationship. This resulted in the equation

Rp = 0.3691- 0.3481[F¢H] + 6.309(Teq/100(K) 2)

producing a very good fit to the planetary radii, as shown guFe
Many of the planets considered here have orbital eccentric-

ities too small to measure reliably with the data currentigib

able. Nonetheless, the strength of the radius-metaHigiadiation
correlation appears to account for most of the variationlanet

© 2010 RAS, MNRASD00, 1-7
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Figure 5. Isochrone tracks from Girardi et al. (2000) for WASP-25 gsin
the best-fit metallicity of-0.06.
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radii in this mass range, suggesting that past or presedlttizht-
ing plays a relatively minor role in supporting inflated pés

5 CONCLUSIONS

We have reported the detection of a 0.58, planet, WASP-
25b, transiting a slightly metal-poor solar-mass star i sbuth-
ern hemisphere with an orbital period of 3.76 days. WASP-25b
has a low density, .29 p;, and we investigate its bloated radius,
R, = 1.26R;. We find that the radii of transiting exoplanets of a
similar mass to WASP-25b can be explained well by a calibrati
to the host star metallicity and planetary equilibrium temgture.
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