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Figure 29. Avsinlg, the difference between the value returned by our
model and the spectral analysis, as a function of the spectral line derived
vsin/s. Black circles represent values from DT, blue squares the values
from the Boué model, and red triangles the values from the Hirano model.
Horizontal error bars are plotted, but are similar in size to the symbols and
therefore not visible. The Boué model clearly tends to underestimate the
value of vsin/s compared to the spectral analysis, and compared to the
other models. There are also trends in both the Hirano and DT results for
the difference to the spectroscopic value to increase with the rotation rate of
the star. This trend is more severe in the Hirano results than those from DT.

4.3 Comparing techniques

A unique aspect of our study is that it allows us to compare the
performance of three different models. Previous studies (e.g. Brown
et al. 2012a; Albrecht et al. 2013) have compared the efficacy of
RM modelling via RV fitting to DT, but the Boué model is relatively
new. Although it has been applied to a few systems (e.g. Addison
etal. 2013; Jordan et al. 2014), to our knowledge no comparison has
yet been made with more established models using real data. We
note that Albrecht et al. (2013) measured the spin-orbit alignment of
two systems using both in-transit RV fitting, and a method similar to
our DT approach. However, their work had a different goal to ours;
while they use the two methods to derive independent estimates of A,
examining separate wavelength regimes with the different methods,
our goal was to examine the differences produced by the three
methods when applied to the same data. More recently, Villanueva,
Eastman & Gaudi (2015) studied the RM effect in the XO-4 system
and compared the results obtained using the Hirano model to those
found by the model of Ohta et al. (2005, 2009). They found that
the two models gave different values for v sin /; and X, even when a
Gaussian prior on stellar rotation was applied, leading to different
interpretations of the system geometry. Furthermore, they suggest
that the Ohta et al. (2009) model might lead to biased evaluations
of system alignment.

In Fig. 29, we plot Avsinl, the difference between the value
returned by our model and the spectral analysis, as a function of the
spectral line derived v sin /;. We confirm that the Boué model con-
sistently undervalues v sinl; compared to the Hirano model, which
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was their goal. This can also be seen in the various posterior proba-
bility distributions presented above. For four of the systems studied
herein this leads to disagreement between the models, in the case
of WASP-62 by 5¢. Note though that the effect does not seem to be
systematic, even if there is a tendency for the discrepancy to increase
as the rotation rate of the star increases. The Boué model also, to a
lesser extent, tends to underestimate v sin /; compared to DT. These
comparisons are less likely, however, to lead to disagreement than
the comparison to the Hirano model. This arises as a result of the
relatively large upper uncertainties on the Boué values, coupled to
the smaller numerical discrepancy between median values.

Compared to the spectroscopic values, all three models under-
estimate v sin/; for WASP-76, even when a prior on the impact
parameter is applied (see Section 3.4).> But as the rotation rate of
the star increases, the picture changes. The Boué model continues
to underestimate v sin /s up to the most rapidly rotating star, WASP-
79, where the values are in agreement. In contrast, both the Hirano
model and DT start to overestimate the rotation at approximately
v sin [ gpee A 8-10 km s~!, with the discrepancy increasing with
increasing v sin /;. Using single value decomposition, we carry out
separate linear fits to the three data sets in Fig. 29. We find slopes of
1.56, 1.11, and 1.25 for the Hirano, Boué, and DT models, respec-
tively, indicating that the offset of the Hirano result is a stronger
function of stellar rotation rate than for either of the other two mod-
els. The Boué models produce the most consistent results, albeit
biased towards lower velocity than spectral analysis.

As noted in Section 2.1, the Boué model relies on two parame-
ters, By and o, to compute the line profile that is used to fit the RV
CCFs. We investigated the effect of independently varying these
parameters on the value of v sin /; returned by our best-fitting Boué
model. Using the same constraints as our reported results, we find
that varying o has little effect on the stellar rotation velocity (or
on any of the other reported parameters). However, we find that
increasing S leads to a more rapidly rotating star, and that increas-
ing By by a factor of ~3 brings the reported v sin I, for WASP-61,
WASP-62, and WASP-71 in line with spectroscopically assessed
values.

Quality of fit is also an interesting point to compare between
the Hirano and Boué formulations. The form of the RM anomaly
curves produced by the two models can be substantially different,
as can be seen from, for example, Fig. 2. This is reflected in the
szed values that we obtained. For WASP-71, -76, -78, and -79, there
is little to choose between the different models. But for WASP-
61 and -62 the story is quite different. In the former case the two
models do still agree, but that agreement is weaker than for the other
systems: the Boué model gives x2, = 1.4 & 0.2, while the Hirano
model gives x2; = 1.2+ 0.2.% For WASP-62 though the models
disagree at the 2-30 level: xy5,,c = 1.9 0.3, while x40 =
1.2 £ 0.2. It seems that for cases with disagreement over the quality
of fit obtainable, that the Boué model is worse off than the Hirano
approach, at least for HARPS data. This is the opposite of what was
expected given the basis of the Boué model, which was developed
to provide a more appropriate model for instruments without an
iodine cell, such as HARPS.

3 This not entirely surprising as its rotational broadening is close to the
instrumental broadening. The spectroscopic value is likely overestimated in
this case.
6 Compare this to WASP-78, for example, with szed;Boué = xrzed:Himm =
0.8£0.2.
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Figure 30. A comparison of the posterior probability distributions produced by the Hirano and Boué models both under the application of a Gaussian prior
on vsin /g (blue, dotted contours), and when no prior is applied (red, dashed contours). Also displayed are the marginalized, one-dimensional distributions
for the two parameters, with the additional, solid grey distribution in v sin /5 representing the Bayesian prior. Left-hand column: data from the Hirano model.
Right-hand column: data from the Boué model. Top row: data for WASP-71. The distributions in the absence of a prior have a similar form, although the
distribution from the Boué model is centred at lower v sin /5. Application of a prior on stellar rotation to this system has different effects on the two models.
Bottom row: data for WASP-79. The absence of a prior leads to distributions of different form for the two models, with the distribution for the Hirano model
being more extended, and centred at higher v sin I;. Application of the prior limits the two models to similar ranges of v sin I, but retains the more extended

distribution in A produced by the Hirano model.

4.3.1 Response of RM models to v sinlg priors

In general, the three models that we have considered produce prob-
ability distributions that appear similar when no prior is applied on
v sin [ (see, for example, Fig. 10). However, this is not always the
case, as can be seen in Fig. 8. Moreover, inspection of the distribu-
tions produced in the case of the application of a prior shows that
these too can vary between models of the same system (see, for

example, Fig. 30). It seems, therefore, that the different RM models
are affected in slightly different ways by the application of a stellar
rotation prior.

We use WASP-71 and WASP-79 as examples to illustrate this. In
Fig. 30, we show the change in distribution shape arising from the
application of a prior on v sin/; when using the Boué and Hirano
models. For WASP-71, we can see that the distributions in the
absence of a prior have a similar form, with a tail of negative A
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solutions that reaches towards more rapidly rotating stars, although
the distribution from the Boué model is centred around a lower
value of vsin /. Application of a prior on stellar rotation to this
system has different effects on the two models, with the Boué model
being restricted to a narrower range of A, albeit with a tail towards
large, negative values that is hard to pick out in the marginalized
distribution. For WASP-79, we find that the absence of a prior
leads to distributions of different form for the two models, with the
distribution for the Hirano model being more extended, and centred
at higher v sin /. Application of the prior limits the two models to
similar ranges of v sin /;, but retains the more extended distribution
in A produced by the Hirano model.

This raises an interesting point. In what circumstances is it ac-
ceptable to enforce a prior on the stellar rotation? We assume that
the estimates of v sin/; from RM modelling and spectral analysis
should give the same answer, though the precision will be differ-
ent, and if this is the case then using the prior knowledge provided
by the spectral analysis measurement (with an honest assessment
of its uncertainty) is a valid approach. In the case of poor-quality
data (low SNR or missing data at ingress/egress) then this might
in fact be the preferred approach, as application of the prior will
guide the MCMC towards a physically motivated solution that is
consistent with spectral broadening. On the other hand, if the data
have sufficiently high SNR then the RM fit may give more precise
constraints on v sin /s than the spectral analysis, implying that the
fitis not strongly influenced by the prior. Note, however, that we are
concerned here with the precision of the measurement; the relative
accuracy of the two estimates is still cause for concern, as shown
by this work. Therefore, we would still urge readers to be cautious
when applying a prior on v sin/; when modelling the RM effect.
Although applying a prior can reduce correlations between param-
eters, it is clear from Section 4.3 that the ‘preferred’ value of v sin I
is not necessarily that derived from spectral analysis.

4.3.2 Comments on DT

One of the advantages that is commonly cited for DT over RM mod-
elling is the ability of the former to break the degeneracy between
v sin /s and A that can arise in low impact parameter systems. This is
most commonly observed via the shape of the posterior probability
distribution in [v sin / — A] parameter space. In low impact systems
the distribution produced by RM modelling tends to have a crescent
shape, but in the DT method these parameters are determined in
a fashion which renders them naturally uncorrelated, producing a
smooth, elliptical distribution. However our results for this set of
systems demonstrate that this degeneracy breaking does not always
take place.

Table 5 shows that both WASP-61 and WASP-76 are low impact
parameter systems; recall here that we are considering the case
for WASP-76 in which we apply a prior on b but not a prior on
vsinl (see Table 3), as the latter biases the posterior probability
distribution. The distribution produced using the Boué¢ model has
the expected crescent shape, as does the Hirano model. It is the
tomography distribution though that is particularly interesting —
the crescent shape seen in the Hirano and Boué distributions is
still present, albeit with much shorter ‘arms’ owing to the better
constraint placed on v sin/;. In fact, it is this improvement which
seems to be the big advantage of tomography across our set of
results. We note that using tomography does not necessarily help
to restrict the range of A values investigated by the MCMC, nor
does it necessarily remove the degeneracy in low impact systems.
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However it does help to improve the constraints on v sin /5, and with
the right combination of priors help to distinguish between positive
and negative minima in A parameter space.

4.4 Other factors affecting fitting
4.4.1 Differential rotation

The differences seen between the spectroscopic v sin /; and the re-
sults from our three analyses could arise in part from the effect of
differential surface rotation. The spectroscopic measurements are
derived from spectral lines, which arise from whole-disc observa-
tions and therefore give an indication of the dominant rotation rate of
the star. The RM models that we have used here, however, all make
use of the subplanet region in their calculations, i.e. the area of the
stellar surface that lies directly beneath the planet’s shadow. If this
is at high latitudes (i.e. large impact parameter and/or a misaligned
orbit), then the localized rotation rate that is measured would be
slower than the whole disc measurement, which is dominated by
the rotation rate at the equatorial regions. If not properly accounted
for then this could lead to lower v sin/; values being returned by
the RM modelling than by spectral analysis.

Differential rotation might therefore explain the discrepancy be-
tween our Boué method results for WASPs-71 and -78, where we
note that the impact parameter is of the order of 0.5. It might also
provide an explanation for the large discrepancy that we find in the
WASP-76 system, where fitting an RM model drives the value of
v sin I, downwards to values that are inconsistent with the spectral
analysis, even in the presence of a prior on the impact parameter. It
is unlikely to be the sole explanation, however.

To test the influence of differential rotation on our results, we
calculate the fractional difference in v sin Iy = Av sin Iy /v sin [ gpec,
and plot it as a function of impact parameter in Fig. 31. We find no
trend, suggesting that differential rotation is not the solution, though
we note that the fractional difference in the majority of cases is of the
order of (or less than) 10 per cent. Fig. 31 also further highlights the
large discrepancy between our model-derived estimates of v sin /g
and that given by spectral analysis for the case of WASP-76.

4.4.2 Convective blueshift

The effect of the stellar surface convective blueshift might also be
affecting the fit of our models to some of the stars in our sample.
This effect originates in the movement of gas within the convective
granules that make up the stellar surface, and was studied in rela-
tion to the RM effect by Shporer & Brown (2011). The in-transit
RV curve induced by convective blueshift is symmetrical, and for
Solar-type host stars has a maximum amplitude of the order of
1 m s~'. This effect is explicitly ignored by Hirano et al. (2011) in
the development of their model, while Boué et al. (2013) make no
mention of it at all.

Many studies neglect the contribution of convective blueshift to
the RM effect, as the amplitude is much smaller than the uncer-
tainties in their RV measurements. However, for slowly rotating
stars it can be a significant effect; in the study of the HAT-P-17
system, for example, Fulton et al. (2013) find that the amplitude of
the RM anomaly is similar in magnitude to that of the convective
blueshift effect. Fulton et al. (2013) further found that including the
convective blueshift in their RM model led to changes in A of ~1o.

We calculate the mean uncertainties in our RV data and esti-
mate the RM amplitude for our six systems. We then calculate the
expected maximum amplitude of the convective blueshift effect,
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Table 6. The results of our brief convective blueshift analysis for the six systems studied

herein.

System vep/ms~! f(R-band) Acp/m s~ Krm/m s~} ory/ms~!
WASP-61 —500 0.70 2.8 70-90 29
WASP-62 —-500 0.70 4.0 80-85 7
WASP-71 —500 0.70 14 3040 9
WASP-76 —-500 0.70 3.8 4 4
WASP-78 —500 0.70 2.9 3040 20
WASP-79 —750 0.70 5.9 200-230 24
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Figure 31. The fractional difference in  stellar  rotation,
Avsinlg/vsinlsgpec, as a function of the impact parameter, b. Black
circles represent values from DT, blue squares the values from the Boué
model, and red triangles the values from the Hirano model. We find no trend,
suggesting that differential rotation is not the source of the discrepancies
that we observe, though we note that these are of the order of 10 per cent
or less in the majority of cases, approximately the expected magnitude of
the differential rotation effect. The data for WASP-76 clearly show a much
larger discrepancy than the other systems, further highlighting the unusual
nature of this system’s geometry.

following equations 2 and 3 in Shporer & Brown (2011) and using
the limb-darkening coefficients from our final solutions in concert
with the four parameter limb-darkening law from Claret (2000).
We adopt veg = —750 m s~! for WASP-79, which is spectral type
F5, and veg = —500 m s~! for the other systems, which are all of
spectral type F7 or F8. The results are listed in Table 6, and suggest
that the convective blueshift effect might make a significant contri-
bution to the modelling of WASP-62 and WASP-71. Our data also
imply that the convective blueshift is significant for WASP-76, and
may in fact be a dominant effect given the relative amplitudes of
the fitted RM and predicted blueshift.

Shporer & Brown (201 1) admit that their model for the convective
blueshift effect is first order only, and likely overly simple. For
our purpose it serves well, but while preparing this manuscript,
a more rigorous approach to modelling the convective blueshift
was published by Cegla et al. (2016). They conclude that for slow
rotators (vsinly < 2 km s71) modelling the convective blueshift
is more important than modelling the line profile correctly, but for

faster rotators (3 < vsin/; < 10 km s~') the situation is reversed.
They also find that neglecting to account for centre-to-limb variation
when modelling the convective blueshift led to uncertainties in A of
10°-20° for aligned, central transits.

WASP-76 falls into the ‘slow rotators’ category of Cegla et al.
(2016), and thus the convective blueshift is indeed an important
effect for this system. However, given the poor signal to noise
of the system, we stand by our conclusion of a null detection.
WASP-61, WASP-62, WASP-71, and WASP-76 all fall into their
‘faster rotators’ category, such that the convective blueshift is
the less important effect. However, all three of our models rely
on the use of Gaussians for fitting either the CCF or the line
profiles, such that our estimates of A may have underestimated
uncertainties, or be inaccurate. Quantifying this effect, however,
requires greater modelling capability than we possess, and es-
timating the effect based on the work of Cegla et al. (2016)
is problematic given the limited number of examples that they
explore.

5 SUMMARY AND CONCLUSIONS

We have presented new measurements of A for six WASP hot
Jupiters: WASP-61, -62,-71,-76,-78, and -79. Using three different
model (the Hirano and Boué formulations for the RM effect, and
DT), we investigated the possible alignment angles of the systems.
We find that WASP-61 (A = 420™']! ), WASP-71 (A = —12977),
and WASP-78 (A = —624 = 5.9) are aligned, while WASP-79
= —95‘32+9'19_0) is strongly misaligned and on a retrograde or-
bit. WASP-62 (). = 1924731} is slightly misaligned. We explore
a range of possibilities for the orbit of WASP-76 b, but are un-
able to constrain the alignment of the orbit beyond the general
statement that it is likely strongly misaligned in the positive A
direction.

Our result for WASP-71 disagrees with the larger angle pub-
lished by Smith et al. (2013). Despite the use of HARPS data rather
than the CORALIE data available to Smith et al. (2013), we find
little improvement in precision over their result, but for WASP-79
we find an improvement of more than a factor of 10 over the pre-
vious assessment by Addison et al. (2013), with which our new
measurement agrees. WASP-76b’s spin-orbit angle measurement is
uncertain. However, because the host rotates slower than expected
for its age and spectral type, as per Schlaufman (2010) we have an
indication that the star is more likely pole-on than equator on. This
is supported by the tests that were carried out in presence of priors
on both v sin/ and b.

We show that the previously identified benefit of DT over RM
modelling, namely the ability to break the degeneracy between
vsin/s and A in low impact parameter cases, is not always appli-
cable. However tomography does consistently help to improve the
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precision of stellar rotation velocity measurements compared to RM
modelling.

Using three different models has allowed us to compare and con-
trast their performance. We find that all three models give consistent
values for A under the application of the same Bayesian priors, and
when starting from the same initial conditions. We find that the
Boué model consistently underestimates the value of v sin /; com-
pared to the Hirano model, and that it also tends to underestimate
v sin Iy compared to tomographic analysis. Moreover, we find that
the estimates of v sin /; found from analysis of the RM effect often
diverges from spectral analysis values, possibly a function of stellar
rotation. We would therefore suggest caution when applying priors
on v sin /.
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Table A2. New in-transit radial velocities for WASP-61, obtained using the Table A4. New in-transit radial velocities for WASP-71, obtained
HARPS instrument on the night of 2012 December 22. using the HARPS instrument on the night of 2012 October 26.
Time RV Uncertainty Time RV Uncertainty
BIDrps kms™! kms™! BIDpg km s~! kms~!
6283.577232 19.03925 0.03070 6226.542863 7.842 18 0.01560
6283.586097 18.957 11 0.027 18
6283.594813 18.97097 0.02955 6226.552029 7.83309 0.01043
6283604291 18.99679 0.02997 6226.563672 7.843 06 0.009 52
6283.612995 19.03621 0.027 60 6226.574251 7.86100 0.01070
6283.622393 18.996 98 0.03042 6226.584841 7.873 46 0.01033
6283.630842 19.055 16 0.03375 6226.595929 7.83857 0.01261
6283.640332 19.03883 0.02892 6226.606924 7.85509 0.008 51
6283.649383 18.999 69 0.03097 6226.617306 7.863 64 0.008 95
6283.658364 18.99178 0.02892 6226.628301 7.85190 0.00927
6283.667496 19.07023 0.02760 6226.639077 7.82695 0.008 69
6283.676454 19.00178 0.02772 6226.649875 7.81235 0.008 58
6283.685424 18.88981 0.03001 6226660546 781457 0.007 98
6283.694556 18.86215 0.03042 6226.671762 7.808 44 0.006 66
6283.703699 18.84422 0.03131 6226.682016 778029 0.006 39
6283.712645 18.83797 0.02893
6283721696 18,881 45 0.03063 6226.693116 7.76759 0.00638
6283.730828 18.906 79 0.03095 6226.703590 7.766 17 0.00599
6283739878 18.85461 002974 6226.714261 775415 0.008 42
6283.748756 18.92283 0.03135 6226.725361 775168 0.007 44
6283.758073 18.996 29 0.028 56 6226.736032 7.75129 0.007 10
6283.766869 18.91593 0.028 63 6226.746610 7.73425 0.008 52
6283.776000 18.91219 0.027 62 6226.757606 7.73557 0.007 79
6283.784958 18.894 71 0.02873 6226.768508 7.74321 0.008 14
6283.794183 1891173 0.02891 6226.779087 7.738 63 0.008 44
6283.803233 18.967 11 0.027 82 6226.789770 7749 86 0.008 77
6283 812284 1892203 002643 6226.801077 7.72767 0.01005
6226.811540 7.74158 0.009 02
6226.822431 7.74230 0.01002

Table A3. New in-transit radial velocities for WASP-62, obtained
using the HARPS instrument on the night of 2012 October 12.

Table A5. New in-transit radial velocities for WASP-76, obtained

;rlr;e " R\Ll Urll(cerl‘zil?ty using the HARPS instrument on the night of 2012 November 11.
B ms ms Data marked with T were obtained during twilight, and were excluded
6212.667066 14.98142 0.008 46 from our analysis.
6212.675260 14.967 86 0.007 82
6212.683640 14.98130 0.007 69 Time RV Uncertainty
6212.690897 15.02134 0.007 39 BJD1pg km s~! kms~!
6212.698131 15.041 09 0.008 06
6212.705515 15.03729 0.008 14 16243.496186 —1.09877 0.004 29
6212.712772 15.04227 0.008 77 16243.501185 —~1.07251 0.004 11
6212.720214 15.041 00 0.008 54 6243.505560 —1.068 83 0.004 34
gii i;iﬁ;‘g Egﬁ ‘6‘2 8'88*; ;é 6243.509403 ~1.07022 0.00427
’ ’ ’ 6243.513245 —1.063 95 0.004 26
6212.742020 15.01479 0.008 22
6212.749334 14.97516 0.009 20 6243.517053 —1.06692 0.00399
6212.757402 14.960 79 0.00774 6243.520953 —1.06354 0.00374
6212.764566 14.92448 0.00717 6243.524726 —1.07515 0.00372
6212.771962 14.91039 0.00698 6243.528638 —1.06760 0.00382
6212.779335 14.891 04 0.007 03 6243.532411 —1.06302 0.003 89
6212.786591 14.87321 0.006 64 6243.536253 —1.07220 0.004 01
6212.793906 14.853 47 0.00673 6243.540107 —1.06351 0.00377
6212.801210 14.866 74 0.007 12 6243.543984 —1.06557 0.003 94
6212.808328 14.87280 0.007 50 6243.547757 —1.06993 0.003 89
6212.815851 14.87799 0.007 24 6243.551716 —1.07947 0.003 63
6212.830353 14.93345 0.007 31 6243.559331 _1.08265 0.003 63
6212.838004 14.95739 0.006 95 6243.563139 _1.08680 0.003 57
6212.844983 14.95177 0.007 09 6243 567004 109083 0.003 68
6212.852437 14.969 77 0.006 74 : : )
6212.859879 14.956 51 0.00671 6243.570777 —1.09064 0.004 15
6212.866997 14.948 72 0.006 63 6243.574724 —1.07989 0.00475
6212.874370 14.962 80 0.00625 6243.578613 —1.09278 0.004 26
6212.881765 14.95505 0.006 39
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Table A5 — continued. Table A6. New in-transit radial velocities for WASP-78, obtained
using the HARPS instrument on the night of 2012 November 2.
Time RV Uncertainty
BJD1pB km s~! km s~! Time RV Uncertainty
BID1pg kms™! kms™!
6243.582443 —1.09255 0.003 74
6243.586216 —1.09101 0.00393 6234.615044 0.51919 0.02351
6243.590047 —1.10042 0.004 02 6234.625588 0.53285 0.02095
6243.593994 —1.11003 0.004 50 6234.636583 0.54676 0.02041
6243.597697 —1.10157 0.004 14 6234.647463 0.50238 0.01932
6243.601482 —1.10190 0.00473 6234.658054 0.52525 0.02047
6243.605359 —1.11008 0.004 58 6234.669049 0.56150 0.02096
6243.609317 —1.10474 0.005 08 6234.679721 0.52599 0.021 82
6243.613229 —1.11579 0.005 06 6234.690624 0.52157 0.02240
6243.616933 —1.11362 0.004 55 6234.701411 0.54176 0.02561
6243.620810 —1.11277 0.004 23 6234.712326 0.51550 0.02363
6243.624618 —1.11116 0.00393 6234.723020 0.54373 0.02355
6243.628495 —1.11463 0.003 66 6234.733819 0.524 00 0.02220
6243.632337 —1.11943 0.00336 6234.744606 0.47403 0.02093
6243.636180 —1.12098 0.003 24 6234.755613 0.427 54 0.02057
6243.640022 —1.12073 0.003 42 6234.766181 0.463 34 0.01833
6243.643888 —1.12748 0.00340 6234.776563 0.456 30 0.01975
6243.647672 —1.12518 0.003 33 6234.787547 0.43274 0.02144
6243.651445 —1.124 67 0.003 58 6234.798554 0.455 86 0.02073
6243.655380 —1.11811 0.004 04 6234.809538 0.41622 0.01953
6243.659257 —1.11684 0.00391 6234.820337 0.42134 0.018 62
6243.663100 —1.11818 0.00379 6234.830916 0.46127 0.016 50
6243.666977 —1.124 17 0.00353 6234.841622 0.43577 0.01648
6243.670785 —1.11357 0.003 67 6234.852421 0.43693 0.014 64
6243.674523 —1.12522 0.00331 6234.863405 0.47287 0.01599
6243.678389 —1.12550 0.003 54 6234.874203 0.466 58 0.01625
6243.682266 —1.12776 0.003 58
6243.685958 —1.12669 0.00415 Table A7. New in-transit radial velocities for WASP-79, obtained using the
6243.689997 —1.13571 0.00423 HARPS instrument on the night of 2012 November 13.
6243.693805 —1.136 46 0.004 31
6243.697589 —1.14239 0.004 50 . .
6243.701640 —1.14299 0.004 34 ;‘J"];e . RV U’l‘feml‘?ty
6243.705343 ~1.13806 0.003 82 B me me
6243.709221 —1.14263 0.003 85 6244.650501 5.02953 0.01838
6243.713005 —1.15742 0.003 59 6244.664587 5.02735 0.01808
6243.716917 —1.14773 0.003 37 6244.676010 4.993 96 0.023 04
6243.720725 —1.14841 0.003 17 6244.684135 3.08237 0.022 48
6243.724567 —1.15342 0.003 34 6244.691878 5.065 99 0.029 69
6243.728479 —1.151 86 0.003 61 6244.699830 3.15211 0.022 58
6243.732865 —1.15442 0.003 48 6244.706045 5.16701 0.02396
6243.736743 —1.15420 0.003 56 6244.714807 3.16033 0.03097
6243.740481 —1.15511 0.003 32 6244.721369 5.18134 0.023 47
6244.728615 5.22263 0.02053
6244.735860 5.18547 0.023 09
6244.743453 5.20207 0.020 14
6244.750501 5.20501 0.018 65
6244.757400 5.23074 0.02281
6244.765629 5.23317 0.023 47
6244.772191 5.19395 0.02390
6244.779992 5.18341 0.02337
6244.787249 5.164 18 0.024 80
6244.794634 5.23456 0.024 40
6244.802076 5.15278 0.02212
6244.808974 5.13525 0.02376
6244.816705 5.10280 0.02294
6244.823731 4.999 68 0.02512
6244.830722 5.00030 0.024 08
6244.839263 4.97480 0.03132
6244.846231 491483 0.03050
6244.854194 497432 0.027 88
6244.861243 4.95226 0.024 04
6244.868141 491467 0.02497
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Table A8. New photometric observations for WASP-61, obtained Table A10. New photometric observations for WASP-79, obtained in the

in white light using EulerCam on the night of 2012 December 22. R band using EulerCam on the nights of 2012 November 11 and December

‘We present here the first 10 data; the full table is available online as 4. We present here the first 10 data from each set of observations; the full

supplementary data. table can be viewed online.

Time RV Uncertainty Time Radial velocity Uncertainty

BJD1pp km s~! km s~! BJD1pp km s~ km s~

6244.650501 5.02953 0.018 38 2012 November 11

6244.664587 5.02735 0.01808 6244.656675 —0.000354 0.000533

6244.676010 4.99396 0.02304 6244.657558 0.000972 0.000532

6244.684135 5.08237 0.02248 6244.658458 —0.003319 0.000534

6244.691878 5.06599 0.029 69 6244.659337 —0.002 535 0.000533

6244.699830 5.15211 0.022 58 6244.660232 —0.001 641 0.000527

6244.706045 5.16701 0.02396 6244.661104 —0.000 249 0.000527

6244.714807 5.16033 0.03097 6244.662007 —0.002 509 0.000528

6244.721369 5.18134 0.02347 6244.662901 —0.003302 0.000529

6244.728615 5.22263 0.02053 6244.663807 —0.005031 0.000525
6244.664692 —0.001716 0.000523

Table A9. New photometric observations for WASP-78, obtained 2012 December 4

using EulerCam on the nights of 2012 November 2 (/ band) and 2012 6266.629315 0.001 236 0.000 564

November 26 (R band). We present here the first 10 data from each 6266.629960 0.001 505 0.000 564

set of observations; the full table is available online as supplementary 6266.630613 0.001 733 0.000 564

data. 6266.631321 0.000 342 0.000 505
6266.632120 0.001 124 0.000 505

Time RV Uncertainty 6266.632936 —0.000455 0.000 505

BIDtpB kms~! kms~! 6266.633727 —0.001233 0.000 505
6266.634437 —0.001463 0.000559

I'band 6266.635094 —0.000475 0.000558

6234.604847 0.000 644 0.000813 6266.635777 —0.000373 0.000558

6234.606256 0.000 162 0.000 803

6234.607646 0.000035 0.000 798

6234.609009 0.000 748 0.000793

6234.610402 0.001041 0.000 784

6234.611760 0.001415 0.000 780

6234.613124 —0.000817 0.000777

6234.614500 0.002074 0.000771

6234.615886 0.001 722 0.000762

6234.617286 0.001 553 0.000758

R band

6258.536656 0.000 103 0.000813

6258.538001 0.000 892 0.000801

6258.539247 0.000 002 0.000891

6258.540377 —0.000612 0.000 885

6258.541491 0.000998 0.000873

6258.542653 0.000 649 0.000867

6258.543765 0.000 564 0.000861

6258.544914 0.001276 0.000 857

6258.546089 0.002 385 0.000 850

6258.547215 0.000933 0.000 853

This paper has been typeset from a TEX/IATEX file prepared by the author.
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