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Transit surveys don’t just find exoplanets 

KIC8462852 is a 
normal main 
sequence F star, but 
Kepler found 
aperiodic dips lasting 
a few days up to 20% 
(Boyajian et al. 2016) 

Similar dips seen to young stars, but 
explained as obscuration by 
protoplanetary disk (Ansdell et al. 2016) 

And to a white dwarf WD+1145 with a 
bright disk close to the star (Vanderburg et al. 
2016; Rappaport et al. 2018) 



Possible explanations for KIC8462852 
Wright & Sigurdsson (2016) proposed the following explanations in order of 
preference: 
 
1.  Small scale ISM structure 
2.  Intervening dark cloud 
3.  Intervening disk 
 
4.  Artificial structures 
 
5.  Solar System cloud 
 
6.  Post-merger return to normal 
7.  Cometary swarms 
8.  Stellar pulsations 
9.  Polar spots 
 
10.  Instrumental effects 

Something between 
the star and us 
 
 
Something crazy 
 
Something nearby 
 
 
Something near or 
on the star 
 
 
It’s nothing! 



Multiple exocomets fit the dips (mostly) 

The shape of the dips can be fitted with an exocomet model, requiring Ceres-
sized progenitors (Bodman & Quillen 2016) 



Problems with this explanation 

There is no infrared emission as 
expected if there is circumstellar 
dust (Boyajian et al. 2014) 

Some of the dips do not look comet-
like (i.e., with a slow ingress rather 
than egress) 



The light curve got weirder: secular dimming 

Seen in Harvard plates, 20% over a 
century (Schaefer 2016, Schaefer et al. 2018) 

And in the Kepler data itself, 3-4% 
over 4 yrs (Montet & Simon 2016) 

There is variability on all timescales from centuries, to decades, to years, to 
weeks, to days, suggesting all part of same phenomenon (Schaefer et al. 2018) 



Constraints 
from thermal 
emission 
For assumed orbit and 
dust properties, the 
optical light curve can be 
used to predict longer 
wavelength light curves 
(Wyatt et al. 2018); e.g., there 
is a short-lived increase in 
mid-IR emission around 
transit 
 
Ignoring the secular 
dimming, the model 
satisfies all observational 
constraints 



Secular dimming explained if optically thick 

If the distribution is 
optically thick, and 
transit is close to 
pericentre, the 
problematic hot 
emission can be 
avoided 
 
 
This is because the 
back side of the ring at 
pericentre is cold 



But dips cannot be optically thick... 

Recent 2% dip observed 
in multiple wavebands 
(Boyajian et al. 2018) 
 
 
Blue colour implies 
optically thin and small 
particles <1micron 
 
 
Year-long dimming trend 
at this time may also be 
blue (Schaeffer et al. 2018) 



Individual dips are small 
dust released from 
individual fragments 
crossing the star 

Summary for KIC8462852 

The long-term dimming is the larger gravitationally bound particles released 
from the fragments (or in the original event) that get spread around the orbit 

e.g., comet 
Schwassmann-
Wachmann 3 

e.g., comet P/Shoemaker-Levy 9 

Big comet breaks into 
fragments (e.g., when 
heated on 
approaching the star) 
that end up spread 
along original orbit  



Two new stars with aperiodic dips in Kepler data 

Three ~0.1% dips to F2V star 
KIC3542116 found in visual search 
of Kepler data (Rappaport et al. 2018) 

Dip shapes look like expected 
for exocomets (sharp ingress, 
shallow egress) 

Similar dip seen to KIC11084727 



Automated hunt for exocomet transits 

Automating this process (Kennedy et al. 2018): (1) filter out periodic signals, (2) 
search for significant dips and estimate width, (3) fit symmetric Gaussian 
or exocomet model (Gaussian ingress, exponential egress) 



Candidate dips 

Recovered 4 known exocomet-like dips, 
and 100s more candidates, some of 
which are artefacts of data reduction, 
but one new good candidate found 
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Stars with exocomets are likely young 

Now 3 stars 
with exocomet 
transits 
 
Position on HR 
diagram shows 
these are 
young (e.g., 
similar to other 
~100Myr 
cluster stars) 



Population model for the dip distribution 

Three 0.1% dips 
One 
20% 
dip 

The distribution of 
dip depths appears 
to be quite flat 
 
Or some of the 
symmetrical dips 
could be exocomets 
 
PLATO will 
characterise faint 
dips to understand 
this population 



Conclusions 

KIC8462852 has a bizarre light-curve including 20% dips 
 
Large exocomet disintegration most likely explanation 
 
3 stars with smaller (0.1%) dips more robustly linked to exocomets 
 
Transiting debris also seen to white dwarfs� 
 
PLATO will find exocomets as well as planets 
 
Exocomet bombardment can lead to exoplanet atmosphere growth 
or depletion 


