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ABSTRACT

We report the discoveries of three transiting exoplanesS®/91b is a warm Jupiter (1.3¥,yp, 1.03Ryyp) in a 2.8-day orbit around
ametal-rich K3 star. WASP-105b is a warm Jupiter (W8, 0.96R,,p) in a 7.9-day orbit around a metal-rich K2 star. WASP-107b is
a warm super-Neptuysub-Saturn (0.1, 0.94Ry,p) in a 5.7-day orbit around a solar-metallicity K6 star. Gdesing that giant
planets seem to be more common around stars of higher roiyedind stars of higher mass, it is notable that the hostalaneetal-
rich, late-type stars. With orbital separations that placta WASP-105b and WASP-107b in the weak-tide regime, nreasents of
the alignment between the planets’ orbital axes and thais'sspin axes may help us to understand the inward migraticmort-
period, giant planets.

The mass of WASP-107b (2/nep, 0.40 Ms,) places it in the transition region between the ice giants gas giants of the Solar
System. Its radius of 0.98,,, suggests that it is a low-mass gas giant with/al¢tdominated composition. The planet thus sets a
lower limit of 2.2 Myep ON the planetary mass above which large gaseous envelopéscaccreted and retained by proto-planets
on their way to becoming gas giants. We may discover whett®&8BY107b more closely resembles an ice giant or a gas giant by
measuring its atmospheric metallicity via transmissioecsscopy, for which WASP-107b is a very good target.

Key words. planetary systems — stars: individual: WASP-91 — starsviddal: WASP-105 — stars: individual: WASP-107

lot 2005. One challenge faced by models attempting to explain
) ) . ) the formation of Neptune and Uranus is to avoid the runaway ga
The observation that the fraction of stars with giant planet ,ccretion that otherwise would have turned the planetsga
creases with both stellar metallicity and mass is suggestiv giants (e.gHelled & Bodenheimer 2034
planetary formation by core accretion (eSantos et al. 2004 Giant planets in few-day orbits, or ‘wayhot Jupiters’, are
i]orllns?nletlglé 2030Under t?e CO:? acr(iretmln m(ide_l (ell-@l' thought to have formed farther out and then migrated inwards
ack et al. % a gas gian results when planetesimals Coagy, ;ieraction with the gas disc or via a high-eccentripiagh-
ulate to form a rocky core’, Wh'Ch. then accretes a gaseos %}/ (Lin et al. 1996 Rasio & Ford 199% Planet-disc migration
K/?k)pg' E;r 4h|§ Solar Systerr:; gagogol/ants, E)]up|ter anthEﬁLB (@s expected to preserve alignment between the stellar suin a
Jup Jﬁp),f_are mofre Oar} hO/"I-He Yy Mass, WICH CON- 4 netary orbital axes (e.gdarzari & Nelson 2008 whereas
trasts with the figure of 20 % for the less massive.05 MJ“P) high-eccentricity migration is expected to produce a breade
and smaller £0.35R.g) ice giants, Neptune and UranuSuil- of misalignments (e.d=abrycky & Tremaine 2007 The ensem-
- . - ble of available measurements has been interpreted asmeegide
Based on observations made with: the WASP-South photomeifjyat hot Jupiters arise via high-eccentricity migratidvirgn et al.

survey instrument, the 0.6-m TRAPPIST robotic imager, drelEu- 2010, thou . p R
, gh planet-disc migration is likely to play a role (e.g
lerCam camera and the CORALIE spectrograph mounted on 2 1. Anderson et al. 2015b

Euler-Swiss telescope. The photometric time-series atidlraelocity
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data used in this work are available at the CDS via anonymgueof  In this paper, we present the discoveries of three transit-
cdsarc.u-strasbg.fr (130.79.128.5) or via hfgotsarc.u-strashg/fiz-  ing exoplanets by the WASP survey: WASP-91b and WASP-
bin/gcat?JA+A/XXX /XXX 105b are warm Jupiters orbiting metal-rich, earid-K stars;
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Table 1. Summary of observations 55:1, 80:1 and 120:1 for WASP-91, WASP-105 and WASP-107,
_ : respectively. We performed the spectral analysis usingrtbee-

Facly Date Nops  Tep[S] Filter dures detailed iDoyle et al.(2013. For each star thefiective
WASP-South 2010 Jun-2011 Dec 16800 30 Broad (400-700 nrﬁ?mperature-(eﬁ) was obta_lned using thedlline and Surfa_ce
EuleyCORALIE 2012 Janl—Sep 12 1800  Spectroscopy gravity (logg.) was determined from the Na D and Mg b lines.
12?%21 22001122/;’392301 g;f 5 :5 Iron abundances were obtained from the analysis of equitale
EuleyEulerCam 2012 Oct 12 172 70 Gunn- width measurements of several unblended lirees.
Eﬁlfgvpgdg%m 22%1123?3;20% 31%51 ﬁo R cumn Projected equatorial rotation velocitias §inl.) were deter-
TRAPPIST 2013 Jun 04 704 8 14z m.ined by fitting the profiles _of the Felines after convolving
WASP-105; with the instrumental resolutiorR(= 55 000). For WASP-105 a
WASP-South 2010 Jun-2011 Dec 11200 30 Broad (400-700 nphacroturbulent velocity of 0.2 0.3 km s was adopted from
EulefCORALIE 2013 Aug—2014 Jan 25 1800 Spectroscopy
TRAPPIST 2013 Jul 23 703 10 1+7 (Gray 2009. In the cases of WASP-91 .and WASI?-107, macro-
EulefEulerCam 2013 Sep 24 288 70 Gunn- turbulence was assumed to be zero, since forlat@lK stars it
Euiertulorcam e . is expected to be lower than that of thermal broaden®igay
TRAPPIST 2013 Nov 26 792 12 147 2008. The results are given in the top panellable 2
TRAPPIST 2014 Dec 09 1072 7 1+Z
WASP-107:
WASP-South 2009 Feb-2010 Jun 9350 30 Broad (400-700 nrQi I . f ligh dulati
EuleyCORALIE 2011 Mar—2014 Jan 32 1800  Spectroscopy . Stellar rotation from lightcurve modulation
TRAPPIST 2013 Jan 09 532 10 7 . . .
EulerEulerCam 2013 Feb 18 264 50 Gunn- The WASP light curves of WASP-107 show a periodic modula-
12%32 22(‘)311;'\';613 12 gfﬁ 118 ; tion with an amplitude of about 0.4 per cent and a period ofiabo
EulefEulerCam 2014 Fab 09 154 75 Gunn- 17 days. We assume this is due to the combination of the star’s
TRAPPIST 2014 Apr 06 692 10 7z rotation and magnetic activity, i.e., star spots. We usedsthe-

wave fitting method described Maxted et al(2011]) to refine
this estimate of the amplitude and period of the modulatiani-
ability due to star spots is not expected to be coherent og lon
timescales as a consequence of the finite lifetime of stwtssp
and diferential rotation in the photosphere so we analysed the
2. Observations two seasons of data for WASP-107 separately. We removed the
_ _ . ) transit signal from the data prior to calculating the peoigihms
WASP-South images one third of the visible South-African skyy suptracting a simple transit model from the lightcurvel an
(avoiding the galactic plane and the south pole) ever§ min- 550 removed low-frequency noise by subtracting a strdigét
utes and is sensitive to the detection of giant planets itrags it by least-squares to the data from each season. We caldulat
bright stars ¥ = 9-13). The survey and the search techniquggriodograms over 8192 uniformly spaced frequencies from 0
are described iRollacco et al(2006 andCollier Cameronetal. g 1 5 cycleglay. The false alarm probability (FAP) is calcu-
(2006 2007)_- ) ) o o lated using a boot-strap Monte Carlo method also described i
We routinely investigate the promising transit signalst thgjaxted et al.(2011). The results are given ifiable 3and the
we find in WASP lightcurves with th(_a EulerCam imager and t riodograms and lightcurves are showiFigure 5 There is a
CORALIE s_pectrograph, both of which are mounted on the 1.par signal at a period ¢t = 17.1d in the 2010 season of data
m Euler-Swiss telescope, and the 0.6-m TRAPPIST imager afds is also in the data from 2009Rt= 17.3d, though at a lower
(Lendl et al. 2012Queloz et al. 2000Gillon et al. 2011 Jehin gjgnificance. The periodogram of the data from 2009 also show
et al. 201). We provide a summary of our observat_lo_ns of thg peak aP = 8.3d, which we assume is the second-harmomic
three target s_tars.ﬂ‘able 1 TRAPPIST performed meridian flips of the rotation period due of multiple spot groups on surfaice
at the following times (BJB2 450 000): 6560.756 (WASP-105¢ne star during this observing season. The strongest petisin

transit of 2013 September 24); 7001.546 (WASP-105 trarisit Qariodogram at 1.134 d can then be ascribed to the 1-dayadlias
2014 December 9); 6428.575 (WASP-107 transit of 2013 Mayis second-harmomic.

15); and 6754.683 (WASP-107 transit of 2014 April 6). We par-  assuming this to be the case, we obtain a value for the ro-

tioned the resultlng lightcurves prior to_flttlng to allowrflux  tation period ofP, = 17 + 1d, where the error in this value is
offsets. We interpret the bump in the lightcurve of WASP-1Qien from the full-width at half-maximum of the peak in tre p
around mid-transit on 2013 Feb 18 as having been caused byiBogram of the data from 2010. This rotation period togeth
planet occulting a star spot. with our estimate of the stellar radiuse(ction § implies a value

The radial-velocity (RV) measurements that we computggy the stellar rotation velocity of, = 3.0+0.2km s'*. This com-
from the CORALIE spectra exhibit variations with similarrpe pares well with the spectroscopic estimate of the projeetich-
ods as the photometric dimmings seen in the WASP lightcurvgsia| rotation velocity of, sinl, = 2.5+ 0.8 km s. We used a
and with amplitudes consistent with planetary-mass compagast-squares fit of a sinusoidal function and its first haricito
ions. The photometry and RVs are plotted for each systentin Fingde| the rotational modulation in the lightcurves for eaam-
uresl, 2 and3. The absence of a significant correlation betweel}s and season with the rotation period fixedPat = 17.1d.
bisector span and RV supports our conclusion that the oé8eryye then subtracted this harmonic series fit from the original
periodic dimmings and RV variations are caused by trarsitifightcurve prior to our analysis of the transiggtion 5.

and WASP-107b is a warm super-Nept{sub-Saturn orbiting a
solar-metallicity, late-K star.

planets Eigure 4. For WASP-91 and WASP-105 a similar analysis lead to up-
per limits with 95 per cent confidence of 0.8 mmag and 0.7 mmag
3. Stellar parameters from spectra for the amplitude of any sinusoidal signal over the same fre-

guency range.
The individual CORALIE spectra were co-added after correct
ing for the orbital motion of the star, giving averag&l$atios of
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Fig. 1. WASP-91b discovery datdop panel: WASP lightcurve folded Fig. 2. WASP-105b discovery data. Caption as Fogure 1 Data par-
on the transit ephemerisiddle panel: Transit lightcurves from WASP tioning due to TRAPPIST's meridian flips are indicated by tioad
(grey), TRAPPIST (green) and EulerCam (bluejiset for clarity, dashed lines.

binned with a bin width of two minutes, and plotted chronatadly

with the most recent at the bottom. The best-fitting transitiet is su-

perimposedBottom panel: The CORALIE radial velocities with the

best-fitting circular orbital model.
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Fig. 3. WASP-107b discovery data. Caption as foagure 1 The planet Fig. 4. The absence of correlation between bisector span and raial
appears to have passed over a star spot during the trangtl8fF2b locity for the three stars excludes transit mimics. Thedsbtie is the
18, with a bump more evident in the lightcurve from EulerC&uignr)  best linear fit to the data and the dotted lines are thelimits on the
than TRAPPIST (Sloam). The diference is expected due to the bluegradient. The Julian date of the observation (BJR450 000) is repre-
passband employed by EulerCam, in which the contrast betste sented by the symbol colour.

spots and the surrounding photosphere will be greater., Atsodiam-

eter of the TRAPPIST telescope is half that of the Euler tzlps (0.6

m versus 1.2 m), so the data are noisier. Data partioning@li®AP-

PIST’s meridian flips are indicated by vertical dashed lines
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Table 3. Periodogram analysis of the WASP lightcurves for WASP-10%it e thus adopt circular orbits, whidknderson et al(2012
argue is the prudent choice for short-periedupiter-mass plan-
ets in the absence of evidence to the contrary. We placeip-

Season Dates N Pld] a[mmag] FAP per limits on orbital eccentricity of 0.07, 0.04 and 0.4 foABP-
2009  4867-5010 4029 1.134 0.003  0.05691h, WASP-105b and WASP-107b, respectively.
2010  5233-5376 5315 17.17 0.004 0.001 We present the system parameters from our final MCMC

analyses imable 2and we plot the best fits to the radial-velocity
Notes. Observing dates are JB2450000,N is the number of obser- data and the photometric data in Figuieg& and3.

vations used in the analysijs the semi-amplitude of the best-fit sine

wave at the period® found in the periodogram with false-alarm proba-

bility FAP. 6. Discussion
WASP-91b, a 1.34;,, planet in a 2.8-day orbit around a K3
010 ‘ ‘ T star, is the southern-most transiting planet known. WASBb1
008l | —oaop 1 isal.8Myyplanetin a 7.9-day orbit around a K2 star. Finally,
v 005} ‘ 1 WASP-107bis a 0.1M;,,planetin a 5.7-day orbit around a K6
0.06 3 S 1o {4 star. Together with WASP-1394p = 0.12+ 0.02 My, Hellier
. N #1°7  etal 2016, WASP-107b is the lowest-mass planet discovered
= 005} s 1 by WASP to date; the next lowest are WASP-29b (0N24,
ook 1 Hellier et al. 2019 and WASP-69b (0.264;,,, Anderson et al.
e 2014. Giant planets seem to be more common around both stars
1 10 100 -020.002 04060810 1.2 of higher metallicity and stars of higher mass (&gntos et al.

Period [d] Phase 2004 Johnson et al. 2030lt is interesting to note that all three

hosts are K stars and that WASP-91 and WASP-105 are metal
rich, whilst the super-Neptune host, WASP-107, is solarainet
licity.

WASP-91b (1.0Ry,p) and WASP-105b (0.9&y,p) are no-
table as having radii towards the lower end of the envelope fo
hot Jupiters Figure 6, though they are as expected from the
010} i empirical relation ofEnoch et al.(2012 based on their semi-
major axes and relatively low equilibrium temperatures.SRA
107b occupies a sparsely populated region in the planetasgm
radius diagram, with a mass 2.2 times that of Neptune and 0.40
Fig. 5. Left: Periodograms of the WASP lightcurves for WASP-107 obtimes that of SaturnFigure 6. The planet's radius is toward
pamed dgrlng 2009 (upper panell).and 2010 (lower panel)12|dpta| the upper end of the super-Neptysueh-Saturn regime and it
lines indicate false-alarm probability levels 0.1, 0.08 &n001. Right: ;o higher than expected from the empirical relationEsfoch

Lightcurves folded on the assumed rotation period of 17y% dar data : :
obtained during 2009 (upper panel) and 2010 (lower panel). etal. (.2(.)13 by aro_upd 0.3®yup. perhaps suggestive of a low
metallicity composition.

Magnitude

1 10 100 —0.20.0 0.2 0.4 0.6 0.8 1.0 1.2
Period [d] Phase

5. System parameters from the RV and transit data g 1. WASP-107b and the transition between ice giants and

We determined the parameters of each system by fitting the pho gas giants

tometric and radial-velocity data simultaneously using ¢ar- Under the core accretion model of planet formation, plasiete
rent version of the Markov-chain Monte Carlo (MCMC) codenals coagulate to form a rocky core, which rapidly accretes a
described byCollier Cameron et al2007) andAnderson et al. gaseous envelope once a critical mass b® Mg is reached
(20153. The transit lightcurves were modelled using the formyMizuno et al. 1978 One challenge for planet formation models
lation of Mandel & Agol (2002 and limb-darkening was ac-is to explain why ice giants did not become gas giants.
counted for using the four-parameter non-linear lanCddiret Lambrechts et al(2014 suggested core growth via the ac-
(2000 2004). cretion of pebbles, rather than planetesimals, as a solutio-
Stellar density is measured from the transit lightcurves, bder this hypothesis, beyond a threshold mass, a core cathbalt
we require a constraint on stellar mass for a full charagaeri accretion of pebbles by gravitationally perturbing thersund-
tion of the system. For that we used th@emass stellar evolu- ing disc. The gas envelope surrounding the core is then ryelon
tion MCMC code ofMaxted et al.(2015, using the values of supported by accretion heat and so rapidly collapses,tiggul
p- from an initial MCMC run and the values dky and [F¢H] in a gas giant. Ice giants do not reach this threshold masshwh
from the spectral analysis. Frogncemass we obtained values of depends on orbital distance due to the steep increase irathe g
stellar massNl.) of 0.840+ 0.032M,, 0.891+ 0.047M, and scale height in flaring discs. This hypothesiteos a neat expla-
0.691+ 0.025M,, for WASP-91, WASP-105 and WASP-107 nation for the bifurcation of the giants of the Solar Systerd a
respectively. In our final MCMC analyses, we drew a value dtffcan be tested as it predicts both that ice giants in widésrb
M. at each MCMC step from a normal distribution with meaare common relative to gas giants and that those gas giamts ar
and standard deviation equal to theemass-derived values, but enriched (core mass 50 M).
with an error bar larger by a factor 2 to allow for uncertasti WASP-107b has a mass 2.2 times that of Neptune and 0.40
due to the unknown helium abundances and tfeces of mag- times that of Saturn, but a radius 0.94 times that of Jupiigis
netic activity on the mass-radius relation. suggests that WASP-107b is a low-mass gas giant, witfteH
In initial MCMC runs we modelled eccentric orbits, but fodominated compositionF{gure §. We define a notional tran-
no system do we find compelling evidence of a non-circular @sition region between ice giants and gas giants which spans a
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Table 2. System parameters

Parameter Symbol (Unit) WASP-91 WASP-105 WASP-107
Stellar parameters, including from the spectra:

Constellation Tucana Phoenix Virgo
Right Ascension 23'51m22589 01'36M40:24 12'33"3284
Declination -70°0910:2 -50°39325 -10°0846°1
Vinag 12.0 12.1 11.6

mag 9.7 9.9 8.6
Spectral typg K3 K2 K6
Stellar dfective temperature Ter (K) 4920+ 80 5070+ 130 4430+ 120
Stellar surface gravity log. (cgs) 4.3+ 0.2 4.2+ 0.2 45+ 0.1
Projected equatorial rotation velocity v, sinl, / km s? 24+0.4 1.7+ 1.9 25+ 0.8
Stellar metallicity [Fe/H] +0.19+ 0.13 +0.28+ 0.16 +0.02+ 0.10
Lithium abundance lod\(Li) <0.5 <0.2 <-0.3
MCMC proposal parameters:
Orbital period P (d) 2.798581+ 0.000003 7.87288& 0.00001 5.72149@ 0.000002
Epoch of mid-transit T. (BJD) 2456297.719@ 0.0002 2456 600.0765 0.0002 2456514.4106 0.0001
Transit duration T4 (d) 0.0976+ 0.0008 0.155@ 0.0006 0.114% 0.0003
Planet-to-star area ratio R%/R? 0.0150+ 0.0003 0.012G- 0.0001 0.021 0.0002
Impact parametér b 0.51+0.04 0.10+ 0.08 0.09+ 0.07
Stellar reflex velocity semi-amplitude Ky (ms™?) 217+5 194+ 3 17+ 2
Systemic velocity y(ms? 2782+ 4 24676+ 2 14160+ 2
Orbital eccentricity e 0 (adopted< 0.07 at 2r) 0 (adoptedx< 0.04 at 2r) 0 (adoptedx 0.4 at 20)
MCMC derived parameters:
Scaled orbital separation a/R. 9.1+03 179+ 0.2 182+ 0.1
Orbital inclination i(°) 86.8+ 0.4 89.7+ 0.2 89.7+ 0.2
Transit ingres®&gress duration T12 = Taq (d) 0.0139+ 0.0009 0.0154- 0.0003 0.0148& 0.0002
Stellar mass M. (Ms) 0.84+ 0.07 0.89+ 0.09 0.69+ 0.05
Stellar radius R. (Ro) 0.86+ 0.03 0.90+ 0.03 0.66+ 0.02
Stellar surface gravity log. (cgs) 4.49+ 0.03 4.48+ 0.02 4.64+ 0.01
Stellar density 0« (00) 1.3+£0.1 1.23+ 0.03 2.45+ 0.05
Planetary mass Mp (Myyp) 1.34+0.08 1.8+0.1 0.12+ 0.01
Planetary radius Re (Ryup) 1.03+0.04 0.96+ 0.03 0.94+ 0.02
Planetary surface gravity lag (cgs) 3.46+ 0.03 3.64+ 0.01 2.49+ 0.05
Planetary density op (03) 1.2+ 0.1 2.0+ 0.1 0.14+ 0.02
Orbital major semi-axis a(au) 0.037+ 0.001 0.075: 0.003 0.055+ 0.001
Planetary equil. temperatiire Teq (K) 1160+ 30 900+ 20 770+ 60

Notes. @ Iron abundances are relative to the solar valuessglund et al.(2009. ® Spectral type estimated froify; using the table irGray
(2008. © Impact parameter is the distance between the centre ofaharstisc and the transit chorl:= acosi/R.. @ Equilibrium temperature
calculated assuming zero albedo afittent redistribution of heat from the planet's presumednzerent day-side to its night-side.

planetary mass of between twice that of Neptune and half tlraiculated their predicted atmospheric transmissionasifjre.

of Saturn (0.11Myy, < Mp < 0.15 My,p). We know of five the product of the star'&-band flux and the area ratio of the

planet$ with masses in that region: WASP-107b, WASP-139planetary atmosphere’s annulus to the stellar diabje 4. This

(Hellier et al. 2015, HATS-7b Bakos et al. 201 HATS-8b  suggests that WASP-107b is the most favourable targeteostr

(Bayliss et al. 201f and the circumbinary planet Kepler-35inission spectroscopy in the transmission region by an astier

(Welsh et al. 2012 We may be able to discern whether thes@agnitude. Further, it is predicted to be an order of magleitu

planets more closely resemble ice giants or gas giants by me@re favourable than WASP-43b, whosgQHabundance was

suring their atmospheric metallicities, which is achideaby Mmeasured recently¢eidberg et al. 2014

measuring their atmospheric,8 abundances via transmission

spectroscopy with HST (e.d(reidberg et al. 2014 The atmo-

spheric metallicities of Neptune and Uranus, the Solaredyst 6.2. The migration of short period, giant planets

ice giants, are far higher than that of Jupiter and SatuenStiiar

System’s gas giants: with/8 ~ 80 times the proto-solar abun-WASP-105b and WASP-107b could help us to understand the

dance as compared to 4-10 tim&i{llot & Gautier 2014. By mward migration of hot Jupiters. To date, the orbits of plan

measuring the atmospheric metallicity of planets in thegra €ts in short orbits around cool staffef < 6250 K) have been

tion region, we may gain insight into the planetesimal-ation found to be near-circular and near-aligned with the steftams,

history of the planet and better understand both the foomativhereas planets in longer orbits, therefore experiencieaker

pathways of ice giants and gas giants and the transitionémen tidal forces, tend to be eccentric dodmisaligned Albrecht

class to the other. For each planet in the transition regien, €tal. 2012Anderson et al. 2013bThis has been interpreted as
evidence for high-eccentricity migration, in which a colgbiter

L We excluded Kepler-9b and Kepler-9c as there is consideratger- 1S Perturbed into an eccentric, misaligned orbit that i tbiecu-

tainty regarding their masses, which were inferred fromditatiming  larized, shortened, and realigned by tidal dissipatiaiiecht

variations Holman et al. 2010Borsato et al. 201:Hadden & Lithwick et al. 2013. Whilst high-eccentricity migration may be respon-

2014). sible for a substantial fraction of hot Jupiters, there iewgng
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Table 4. Planets in the transmission region between ice giants amdigats.

D. R. Anderson et al.: The discoveries of WASP-91b, WASPbl&ad WASP-107b

Planet Mp Re P M. R. Ter V K Transm.
(Maup) (Ruup) (d) (Mo) (Ro) (K) signal
WASP-107b 0.120.01 0.94+0.02 5.72 0.6% 0.05 0.66+ 0.02 4430+120 11.6 8.6 1000
WASP-139b 0.120.02 0.80+0.05 5.92 0.92-0.10 0.80+ 0.04 5300+100 12.4 10.5 94
HATS-7b 0.12+ 0.01 0.56+0.04 3.19 0.85- 0.03 0.82+0.04 498%50 13.3 11.0 21
HATS-8b 0.14+ 0.02 0.87[8:33 3.58 1.06+ 0.04 1.09}8:%2 5679+ 50 14.0 12.7 10
Kepler-35b  0.13 0.02 0.73+0.01 131.46 0.888 0.005 1.028 0.002 5606+150 15.9 13.9 1
WASP-435 2.03+0.05 104+ 0.02 0.81 0.72- 0.03 0.67+ 0.01 4520+120 12.4 9.3 74

Notes. The data for WASP-107b are from this paper and the data foottier systems were taken from TEPCat. The transmissiomls{final
column) is the product of the staiks-band flux and the area ratio of the planetary atmospherailas to the stellar disc; the transmission signal
values were normalised such that the predicted signal foB®P¥A07b is 1000.

T We included WASP-43b for comparison as its atmospheric matiendance was recently measured from a transmissiorrspe@treidberg
etal. 2014.

105 and WASP-107 lie beyond the empirical boundary between
aligned and misaligned systens/R, ~ 15) and so would be
interesting targets in that respect. If the planets undetWigh-
eccentricity migration then we may expect their orbits to be
eccentric angr misaligned (e.gFabrycky & Tremaine 2007
whereas near-circular and near-aligned orbits may be éxgec

if they underwent planet-disc migration (eMarzari & Nel-

son 2009. We placed an upper limit o < 0.04 at 20 for

10 100 1000
25

1.5 | 90% H/He

e < 0.07 at 20~. The most common method employed to measure
spin-orbit angles is to measure the apparent radial-wglshift

that occurs during transit (e.@lbrecht et al. 201 The pre-
dicted semi-amplitude of the RV shift is 20, 13 and 35 tfsr
WASP-91, -105 and -107, respectively. An alternative gobksi

ity for WASP-107 is to infer the spin-orbit angle from the $po
Fig. 6. Planetary mass-radius diagram showing the planets pesserfif0ssing times measured over multiple transgar(chis-Ojeda
herein (blue circles), the Solar System giants (green digsjoand the €t al. 2011 Nutzman et al. 201)1 This could be done soon as
transiting exoplanets (red circles; data from TEPCat; emsseasured WASP-107 was observed during Campaign 10 of the K2 mis-
by the radial-velocity technique to better than 20% preaisiThe dot- sion (Howell et al. 2014Kepler Guest Observer proposal 8060,
ted lines depict model planets of pure iron, rock and icenfffeortney  P|: Anderson).

et al. 2007 and 3-Gyr isochrones for model planets with varioysiél

fractions that are irradiated by a Sun-like star at 0.045 fkbh( Baréfe

et al. 2008. The cyan rectangle indicates the notional transitioioreg ACknowledgements
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By measuring the spin-orbit angle for a sample of planets

in relatively wide orbits, for which tidal féects will be smaller,

we can determine the relative contributions of migratiothpa References

ways. With scaled orbital separationssgR, ~ 18, both WASP- Albrecht, S., Winn, J. N., Johnson, J. A., et al. 2012, ApJ, 13 ||

E < WASP-105b, but the constraint is much weaker for WASP-107b
3 4| 50%HiHe & (e< 04 at20)due to the lower mass of the planet and there-
« T fore the smaller amplitude of the stellar reflex motion. With
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0.5 g B = =
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evidence that some migrated inwards to their current oxléts
interaction with a protoplanetary disc. For example, WASB-
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