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When a planet passes in front of a starspot during a transit of its host star, it causes a small upward blip in the light curve.
Modelling the transit with the starspot allows the size, brightness and position of the spot to be measured. If the same spot
can be observed in two different transits, it is possible to track the motion of the spot due to the rotation of the star. The
rotation period and velocity of the star (Prot and Vsini) and the sky-projected orbital obliquity of the system (λ) can then be
determined. If one has three or more observations of the same spot, the true orbital obliquity (ψ) can be measured. We are
performing this analysis for a number of cool stars orbited by transiting planets. We present our results so far and compile a

catalogue of λ and ψ measurements from spot crossing events. The method is particularly useful for cool stars, and is
therefore complementary to Rossiter-McLaughlin studies which perform better on hotter and faster-rotating stars.

Published measurements of λ and ψ from spot-tracking analyses.

System Host star Teff (K) λ (◦) ψ (◦) Reference

HAT-P-11 4780± 50 105+16
−12 or 121

+24
−21 106+15

−11 or 97
+8
−4 Sanchis-Ojeda & Winn (2011)

HATS-2 5227± 95 8± 8 Mohler-Fischer et al. (2013)
Kepler-17 5781± 85 0± 15 Désert et al. (2011)
Kepler-30 5498± 54 −1± 10 or 4± 10 Sanchis-Ojeda et al. (2012)
Kepler-63 5576± 50 −110+22

−14 145+9
−14 Sanchis-Ojeda et al. (2013)

Qatar-2 4645± 50 4.3± 4.5 Mancini et al. (2014)
WASP-4 5540± 55 −1+14

−12 Sanchis-Ojeda et al. (2011)
WASP-6 5375± 65 7.2± 3.7 Tregloan-Reed et al. (2015)
WASP-19 5460± 90 1.0± 1.2 Tregloan-Reed et al. (2013)
WASP-41 5546± 33 6± 11 Southworth et al. (2016)
WASP-52 5020± 100 3.8± 8.4 20± 50 Mancini et al., submitted

Plot of λ versus host star Teff. Green lines show measurements from the RM effect, and
blue from spot crossings. Data taken from TEPCat (Southworth 2011) on 2016/05/27.

WASP-19
We observed three transits within five days
using the ESO NTT. The first two were on
successive nights and allowed detection of
the same spot in two different places on the
star (Tregloan-Reed et al., 2013). We intro-
duced the prism+gemc code to model the
light curves. We found Prot = 11 .d76± 0 .d09
at a latitude of 35◦, and a projected or-
bital obliquity of λ = 1 .◦0 ± 1 .◦2. This is
a significant improvement on the value of
λ = 4 .◦6 ± 5 .◦2 from spectroscopic observa-
tions of the Rossiter-McLaughlin (RM) ef-
fect (Hellier et al., 2011).

Qatar-2
We observed three transits simultaneously in
the griz filters, using the GROND multi-
band imager mounted on the MPG 2.2m
Telescope at ESO La Silla, plus three tran-
sits from other telescopes (Mancini et al.,
2014). All transit light curves exhibited
starspot anomalies. Two GROND transits
showed the same starspot, from which we
calculated Prot = 11 .d5 ± 0 .d2 at a latitude
of 16◦, and λ = 4 .◦3± 4 .◦5. This is the only
obliquity measurement for Qatar-2.

WASP-6
We observed four transits using the
Danish 1.54m Telescope at ESO La
Silla (Tregloan-Reed et al., 2015).
The middle two were 27 d apart and
showed the same spot, which had trav-
elled slightly more than once around
the star. We found Prot = 23 .d80 ±
0 .d15 at a latitude of 14◦, and a pro-
jected obliquity of λ = 7 .◦2±3 .◦7. This
is again a significant improvement on
the value of λ = 11+14

−18 from spec-
troscopic observation of the RM effect
(Gillon et al., 2009).

WASP-41

We observed four transits with the Danish 1.54m
Telescope (Southworth et al., 2016). Two tran-
sits separated by 4 d showed anomalies due to
the same spot and allowed us to determine Prot =
18 .d6± 1 .d5 at a latitude of 20◦, and λ = 6◦ ±
11◦. The λ measurement improves on the RM
value of 29+10

−14 (Neveu-VanMalle et al., 2016).

WASP-52

We observed eight transits and five show starspot
anomalies (Mancini et al., submitted). Four of
these appear to be due to the same spot, and
are each separated by 14–15 d. We find λ =
3 .◦8±8 .◦4 and Prot = 13 .d1±0 .d4. We also deter-
mine the true orbital obliquity: ψ = 20◦± 50◦.
Its precision is limited by the uncertainties in the
spot positions. To our knowledge this is the first
measurement of ψ purely from spot crossings.

Image credit: NASA SDO/HMI (https://svs.gsfc.nasa.gov/vis/
a000000/a004000/a004037/June2012sunspots.00500 print.jpg)
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