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1 Editorial

Welcome to the 87th edition of Exoplanet News.

After taking a break for a month, the newsletter is back with a larger than normal selection of abstracts plus a
selection of upcoming conferences and meetings.

Both the field of exoplanet research and the ways of disseminating information about it have changed so much since
I started the newsletter back in 2007, so I hope it still occupies a useful niche for its subscribers. Be sure to let me
know any suggestions for ways it might improve. I can’t promise to implement any or all ideas, as I'm only ever
compiling this in my spare time, but I'm keen to keep the newsletter relevant for the community.

Remember that past editions of this newsletter, submission templates and other information can be found at the
ExoPlanet News website: http://exoplanet.open.ac.uk. Although note that my updates to the website only become
live over-night. So if you want to get the newsletter as soon as it is ready, please subscribe and get it by email on
the day it’s released.

Best wishes
Andrew Norton
The Open University
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2 Abstracts of refereed papers

Resolving the Planetesimal Belt of HR 8799 with ALMA

M. Booth'2, A. Jorddn'3, S. Casassus®>*, A. S. Hales®®, W. R. F. Dent®, V. Faramaz*, L. Matra™8, D. Barkats®, R.
Brahm'® and J. Cuadra®?

1 Instituto de Astrofisica, Pontificia Universidad Catélica de Chile, Vicufia Mackenna 4860, Santiago, Chile
2 Millennium Nucleus “Protoplanetary Disks”, Santiago, Chile

3 Millennium Institute of Astrophysics, Vicuila Mackenna 4860, Santiago, Chile

4 Departamento de Astronomia, Universidad de Chile, Casilla 36-D, Santiago, Chile

5 Joint ALMA Observatory, Alonso de Cérdova 3107, Vitacura 763-0355, Santiago, Chile

6 National Radio Astronomy Observatory, 520 Edgemont Road, Charlottesville, Virginia, 22903-2475, USA
7 Institute of Astronomy, University of Cambridge, Madingley Road, Cambridge CB3 OHA, UK

8 European Southern Observatory, Alonso de Cérdova 3107, Vitacura, Casilla 19001, Santiago, Chile

9 Harvard University, 60 Garden Street, Cambridge, MA 02138, USA

Monthly Notices of the Royal Astronomical Society, in press (2016MNRAS.tmpL..24B)

The star HR 8799 hosts one of the largest known debris discs and at least four giant planets. Previous observations
have found evidence for a warm belt within the orbits of the planets, a cold planetesimal belt beyond their orbits
and a halo of small grains. With the infrared data, it is hard to distinguish the planetesimal belt emission from that
of the grains in the halo. With this in mind, the system has been observed with ALMA in band 6 (1.34 mm) using
a compact array format. These observations allow the inner edge of the planetesimal belt to be resolved for the first
time. A radial distribution of dust grains is fitted to the data using an MCMC method. The disc is best fit by a broad
ring between 145712 AU and 429737 AU at an inclination of 407 2° and a position angle of 5115°. A disc edge at
~145 AU is too far out to be explained simply by interactions with planet b, requiring either a more complicated
dynamical history or an extra planet beyond the orbit of planet b.

Download/Website: http://dx.doi.org/10.1093/mnrasl/slw040

Contact: markbooth@cantab.net
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Figure 1: (Booth et al.) Re-
50 stored image using the best
fitting model (i.e the primary
beam attenuated model con-
volved with a beam of size
1.7"x1.3" — shown by the
black ellipse — added to the
residuals and primary beam
corrected). Contours start at
20 and increase in incre-
ments of 1o. This also shows
the planets as seen in the K2
1-75 band with SPHERE-IRDIS
on the VLT (Zurlo et al.
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A map of the large day-night temperature gradient of a super-Earth exoplanet

Brice-Olivier Demoryl, Michael Gillon?, Julien de Wit?, Nikku Madhusudhan®, Emeline Bolmont®, Kevin Hengﬁ,
Tiffany Kataria”, Nikole Lewis®, Renyu Hu?19 Jessica Krick', Vlada Stamenkovic¢®19, Bjorn Bennekel, Stephen
Kane'? & Didier Queloz!

L Astrophysics Group, Cavendish Laboratory, J.J. Thomson Avenue, Cambridge CB3 OHE, UK.

2 Institut d’ Astrophysique et de Géophysique, Université of Liege, allée du 6 Aout 17, 4000 Liege, Belgium.

3 Dept of Earth, Atmospheric and Planetary Sciences, MIT, 77 Massachusetts Avenue, Cambridge, MA 02139, USA.

4 Institute of Astronomy, University of Cambridge, Cambridge CB3 OHA, UK.

5 NaXys, Department of Mathematics, University of Namur, 8 Rempart de la Vierge, 5000 Namur, Belgium.

6 University of Bern, Center for Space and Habitability, Sidlerstrasse 5, CH-3012, Bern, Switzerland.

7 Astrophysics Group, School of Physics, University of Exeter, Stocker Road, Exeter EX4 4QL, UK.

8 Space Telescope Science Institute, Baltimore, MD 21218, USA.

9 Jet Propulsion Laboratory, California Institute of Technology, Pasadena, CA 91109, USA.

10 Division of Geological and Planetary Sciences, California Institute of Technology, Pasadena, CA 91125, USA.

11 Spitzer Science Center, MS 220-6, California Institute of Technology, Jet Propulsion Laboratory, Pasadena, CA 91125, USA.
12 Department of Physics & Astronomy, San Francisco State University, 1600 Holloway Avenue, San Francisco, CA 94132, USA.

Nature, 532, 207-209 (2016) (arXiv:1604.05725)

Over the past decade, observations of giant exoplanets (Jupiter-size) have provided key insights into their atmo-
spheres, but the properties of lower-mass exoplanets (sub-Neptune) remain largely unconstrained because of the
challenges of observing small planets. Numerous efforts to observe the spectra of super-Earths—exoplanets with
masses of one to ten times that of Earth-have so far revealed only featureless spectra. Here we report a longitudi-
nal thermal brightness map of the nearby transiting super-Earth 55 Cancri e revealing highly asymmetric dayside
thermal emission and a strong day-night temperature contrast. Dedicated space-based monitoring of the planet in
the infrared revealed a modulation of the thermal flux as 55 Cancri e revolves around its star in a tidally locked
configuration. These observations reveal a hot spot that is located 41 & 12 degrees east of the substellar point (the
point at which incident light from the star is perpendicular to the surface of the planet). From the orbital phase curve,
we also constrain the nightside brightness temperature of the planet to 1380 4 400 kelvin and the temperature of the
warmest hemisphere (centred on the hot spot) to be about 1300 kelvin hotter (2700 £ 270 kelvin) at a wavelength
of 4.5 microns, which indicates inefficient heat redistribution from the dayside to the nightside. Our observations
are consistent with either an optically thick atmosphere with heat recirculation confined to the planetary dayside, or
a planet devoid of atmosphere with low-viscosity magma flows at the surface.

Download/Website: http://www.nature.com/nature/journal/v532/n7598/full/naturel7169.html

Contact: bod21@cam.ac.uk

00 60 -30 0 +30 +0 +%0

Figure 2: (Demory et al.) Longitudinal brightness maps of 55 Cancrie. Longitudinal brightness distributions as
retrieved from the Spitzer/IRAC 4.5um phase-curve. The planetary dayside is modelled using two prescriptions.
Left: single-band model whose longitude, width and brightness is adjusted in the fit. Right: model including three
longitudinal bands whose positions and widths are fixed, but their relative brightness being adjustable. The color-
scales indicate the planetary brightness normalised to the stellar average brightness (left) and the corresponding
brightness temperature (right) for each longitudinal band.
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Transit timing variations for planets near eccentricity-type mean motion
resonances

K. M. Deck! & E. Agol %3

! Department of Geological and Planetary Sciences, California Institute of Technology, Pasadena, CA, USA
? Department of Astronomy, University of Washington, Seattle, WA, USA
3 NASA Astrobiology Institutes, Virtual Planetary Laboratory, Seattle, WA, USA

The Astrophysical Journal, published (2016ApJ...821...96D/arXiv:1509.08460)

We derive the transit timing variations (TTVs) of two planets near a second order mean motion resonance on nearly
circular orbits. We show that the TTVs of each planet are given by sinusoids with a frequency of jny — (7 — 2)ny,
where 7 > 3 is an integer characterizing the resonance and ny and n; are the mean motions of the outer and inner
planets, respectively. The amplitude of the TTV depends on the mass of the perturbing planet, relative to the mass of
the star, and on both the eccentricities and longitudes of pericenter of each planet. The TTVs of the two planets are
approximated anti-correlated, with phases of ¢ and =~ ¢ + 7w, where the phase ¢ also depends on the eccentricities
and longitudes of pericenter. Therefore, the TTVs caused by proximity to a second order mean motion resonance do
not in general uniquely determine both planet masses, eccentricities, and pericenters. This is completely analogous
to the case of TTVs induced by two planets near a first order mean motion resonance. We explore how other TTV
signals, such as the short-period synodic TTV or a first order resonant TTV, in combination with the second order
resonant TTV, can break degeneracies. Lastly, we derive approximate formulae for the TTVs of planets near any
order eccentricity-type mean motion resonance; this shows that the same basic sinusoidal TTV structure holds for
all eccentricity-type resonances. Our general formula reduces to previously derived results near first order mean
motion resonances.

Download/Website: http://adsabs.harvard.edu/abs/2016ApJ...821...96D
Contact: kdeck@caltech.edu

The SOPHIE search for northern extrasolar planets. XI. Three new companions
and an orbit update: Giant planets in the habitable zone.

R. F. Diaz', J. Rey!, O. DemangeonQ, G. Hébrard®**, I. Boisse?, L. Arnold*, N. Astudillo-Defml, J.-L. Beuzit®5,
X. Bonﬁls5’6, S. Borgniet5’6, F. Bouchym, V. Bourrier', B. Courcol?, M. Deleuil?, X. Delfosse5’6, D. Ehrenreich?,
T. Forveille®S, A.-M. Lagrange®S, M. Mayor', C. Moutou®", F. Pepe', D. Queloz"8, A. Santerne®, N. C. Santos°,
J. Sahlmann'', D. Ségransan', S. Udry*, P. A. Wilson®

1 Observatoire Astronomique de 1’Université de Geneve, 51 Chemin des Maillettes, 1290 Versoix, Switzerland

2 Aix Marseille Université, CNRS, LAM (Laboratoire d’ Astrophysique de Marseille) UMR 7326, 13388 Marseille, France

3 Institut d’ Astrophysique de Paris, UMR7095 CNRS, Université Pierre & Marie Curie, 98bis boulevard Arago, 75014 Paris, France

4 Observatoire de Haute Provence, CNRS, Aix Marseille Université, Institut Pythéas UMS 3470, 04870 Saint-Michel-I’Observatoire, France
5 Univ. Grenoble Alpes, IPAG, F-38000 Grenoble, France

6 CNRS, IPAG, F-38000 Grenoble, France

7 Canada-France-Hawaii Telescope Corporation, 65-1238 Mamalahoa Hwy, Kamuela, HI 96743, USA

8 Cavendish Laboratory, J J Thomson Avenue, Cambridge CB3 OHE, UK

9 Instituto de Astrofisica e Ciéncias do Espaco, Universidade do Porto, CAUP, Rua das Estrelas, 4150-762 Porto, Portugal

10 Departamento de Fisica e Astronomia, Faculdade de Ciéncias, Universidade do Porto, Rua do Campo Alegre, 4169-007 Porto, Portugal
11 European Space Agency, European Space Astronomy Centre, P.O. Box 78, Villanueva de la Canada, 28691 Madrid, Spain

Astronomy & Astrophysics, in press (arXiv:1604.07610)

We report the discovery of three new substellar companions to solar-type stars, HD191806, HD214823, and
HD221585, based on radial velocity measurements obtained at the Haute-Provence Observatory. Data from the
SOPHIE spectrograph are combined with observations acquired with its predecessor, ELODIE, to detect and char-
acterise the orbital parameters of three new gaseous giant and brown dwarf candidates. Additionally, we combine
SOPHIE data with velocities obtained at the Lick Observatory to improve the parameters of an already known giant
planet companion, HD16175 b. Thanks to the use of different instruments, the data sets of all four targets span
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more than ten years. Zero-point offsets between instruments are dealt with using Bayesian priors to incorporate the
information we possess on the SOPHIE/ELODIE offset based on previous studies. The reported companions have
orbital periods between three and five years and minimum masses between 1.6 Mjup and 19 Mjup. Additionally, we
find that the star HD191806 is experiencing a secular acceleration of over 11 ms™! per year, potentially due to an
additional stellar or substellar companion. A search for the astrometric signature of these companions was carried
out using Hipparcos data. No orbit was detected, but a significant upper limit to the companion mass can be set for
HD221585, whose companion must be substellar. With the exception of HD191806 b, the companions are located
within the habitable zone of their host star. Therefore, satellites orbiting these objects could be a propitious place
for life to develop.

Download/Website: http://arxiv.org/abs/1604.07610

Contact: rodrigo.diazQunige.ch
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The HARPS search for southern extra-solar planets. XXXVIIl. Bayesian
re-analysis of three systems. New super-Earths, unconfirmed signals, and
magnetic cycles.

R. F Diaz', D. Se’gransanl, S. Udryl, C. Lovis!, F. Pepe1 , X. Dumusqu82’1 . M. Marmier* , R. Alonso®*,
W. Benz® , F. Bouchyl’6 , A Cojﬁnetl, A. Collier Cameron”, M. Deleuil®, P Figueiras, M. Gillon®, G. Lo Curto'?,
M. Mayor1 , C. Mordasini®, F. Motalebi', C. Moutou®'', D. Pollacco'?, E. Pompeilo, D. Queloz"13 | N. Santos®
, A. Wyttenbach'

1 Observatoire astronomique de I’Université de Gengve, 51 ch. des Maillettes, CH-1290 Versoix, Switzerland

2 Harvard-Smithsonian Center for Astrophysics, 60 Garden Street, Cambridge, Massachusetts 02138, USA

3 Instituto de Astrofisica de Canarias, 38203, La Laguna, Tenerife, Spain

4 Dpto. de Astrofisica, Universidad de La Laguna, 38206, La Laguna, Tenerife, Spain

5 Physikalisches Institut, Universitat Bern, Silderstrasse 5, CH-3012 Bern, Switzerland

6 Aix Marseille Université, CNRS, LAM (Laboratoire d’ Astrophysique de Marseille) UMR 7326, 13388, Marseille, France
7 School of Physics and Astronomy, University of St Andrews, North Haugh, St Andrews, Fife KY16 9SS

8 Instituto de Astrofisica e Ciéncias do Espaco, Universidade do Porto, CAUP, Rua das Estrelas, 4150-762 Porto, Portugal
9 Institut d’ Astrophysique et de Géophysique, Université de Ligge, Allée du 6 Aot 17, Bat. B5C, 4000, Liége, Belgium

10 European Southern Observatory, Alonso de Cordova 3107, Vitacura, Casilla 19001, Santiago 19, Chile

11 Canada France Hawaii Telescope Corporation, Kamuela, 96743, USA

12 Department of Physics, University of Warwick, Coventry, CV4 7AL, UK

13 Cavendish Laboratory, J J Thomson Avenue, Cambridge CB3 OHE, UK

14 Departamento de Fisica e Astronomia, Faculdade de Ciéncias, Universidade do Porto, Rua do Campo Alegre, 4169-007 Porto, Portugal

Astronomy & Astrophysics, published (2016A&A...585A.134D)

We present the analysis of the entire HARPS observations of three stars that host planetary systems: HD1461,
HD40307, and HD204313. The data set spans eight years and contains more than 200 nightly averaged velocity
measurements for each star. This means that it is sensitive to both long-period and low-mass planets and also to the
effects induced by stellar activity cycles.

We modelled the data using Keplerian functions that correspond to planetary candidates and included the short-
and long-term effects of magnetic activity. A Bayesian approach was taken both for the data modelling, which
allowed us to include information from activity proxies such as log (Rjk) in the velocity modelling, and for the
model selection, which permitted determining the number of significant signals in the system. The Bayesian model
comparison overcomes the limitations inherent to the traditional periodogram analysis. We report an additional
super-Earth planet in the HD1461 system. Four out of the six planets previously reported for HD40307 are confirmed
and characterised. We discuss the remaining two proposed signals. In particular, we show that when the systematic
uncertainty associated with the techniques for estimating model probabilities are taken into account, the current data
are not conclusive concerning the existence of the habitable-zone candidate HD40307 g.

We also fully characterise the Neptune-mass planet that orbits HD204313 in 34.9 days.

Download/Website: http://arxiv.org/abs/1510.06446

Contact: rodrigo.diaz@unige.ch
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High Contrast Imaging with Spitzer : Constraining the Frequency of Giant
Planets out to 1000 AU separations

S. Durkan" M. Janson?, J. Carson’

L Astrophysics Research Centre, School of Mathematics & Physics, Queen’s University, Belfast BT7 1NN, UK
2 Department of Astronomy, Stockholm University, 106 91 Stockholm, Sweden
3 Department of Physics and Astronomy, College of Charleston, Charleston, SC 29424 , USA

The Astrophysical Journal, in press (arXiv:1604.00859)

We report results of a re-analysis of archival Spitzer IRAC direct imaging surveys encompassing a variety of nearby
stars. Our sample is generated from the combined observations of 73 young stars (median age, distance, spectral
type = 85 Myr, 23.3 pc, G5) and 48 known exoplanet host stars with unconstrained ages (median distance, spectral
type = 22.6 pc, G5). While the small size of Spitzer provides a lower resolution than 8m-class AO-assisted ground
based telescopes, which have been used for constraining the frequency of 0.5 - 13 M ; planets at separations of
10 — 102 AU, its exquisite infrared sensitivity provides the ability to place unmatched constraints on the planetary
populations at wider separations. Here we apply sophisticated high-contrast techniques to our sample in order to
remove the stellar PSF and open up sensitivity to planetary mass companions down to 5 arcsecond separations. This
enables sensitivity to 0.5 - 13 M planets at physical separations on the order of 102 — 103 AU , allowing us to
probe a parameter space which has not previously been systematically explored to any similar degree of sensitivity.
Based on a colour and proper motion analysis we do not record any planetary detections. Exploiting this enhanced
survey sensitivity, employing Monte Carlo simulations with a Bayesian approach, and assuming a mass distribution
of dn/dm o m~1-31, we constrain (at 95% confidence) a population of 0.5 - 13 M planets at separations of 100 -

1000 AU with an upper frequency limit of 9%.
Download/Website: http://arxiv.org/abs/1604.00859
Contact: sdurkan01@qub.ac.uk

Figure 4: (Durkan et al.) LHS displays example of a composite PBCD / BCD 4.5 micron image of typical target HD
217813. RHS displays final reduced image of HD 217813 depicting the same FOV. The white box highlights the
2.01 x 2.01 arcsecond PCA optimization region. Regular PSF subtraction of a mean stack image has been performed
outside the optimisation region.
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High-resolution Imaging of Transiting Extrasolar Planetary systems (HITEP). I.
Lucky imaging observations of 101 systems in the southern hemisphere

D. F. Evans ' J. Southworth * P. F. L. Maxted * J. Skottfelt >3 M. Hundertmark 3 U. G. Jprgensen > M. Dominik *
K. A. Alsubai ® M. I. Andersen © V. Bozza 8 D. M. Bramich ® M. J. Burgdorf® S. Ciceri ° G. D’Ago '! R. Figuera
Jaimes 2 S.-H. Gu 131* T. Haugbgplle 3 T. C. Hinse '® D. Juncher ® N. Kains 16 E. Kerins 17 H. Korhonen 183
M. Kuffmeier 3 L. Mancini '° N. Peixinho 20 A. Popovas * M. Rabus 21'° S. Rahvar *2 G. Scarpetta 1" R. W.
Schmidt 23 C. Snodgrass ?* D. Starkey * J. Surdej %> R. Tronsgaard > P. Verma '* C. von Essen %6 Yi-Bo Wang 1314
0. Wertz %5

1 Astrophysics Group, Keele University, Staffordshire, STS 5BG, UK

2 Centre for Electronic Imaging, Department of Physical Sciences, The Open University, Milton Keynes, MK7 6AA, UK

3 Niels Bohr Institute & Centre for Star and Planet Formation, University of Copenhagen @ster Voldgade 5, 1350 - Copenhagen, Denmark
4 SUPA, School of Physics & Astronomy, University of St Andrews, North Haugh, St Andrews KY16 9SS, UK

5 Qatar Environment and Energy Research Institute (QEERI), HBKU, Qatar Foundation, Doha, Qatar

6 Dark Cosmology Centre, Niels Bohr Institute, University of Copenhagen, Juliane Maries Vej 30, DK-2100 Copenhagen, Denmark

7 Dipartimento di Fisica "E.R. Caianiello”, Universita di Salerno, Via Giovanni Paolo II 132, 84084, Fisciano, Italy

8 Istituto Nazionale di Fisica Nucleare, Sezione di N apoli, Napoli, Italy

9 Meteorologisches Institut, Universitit Hamburg, Bundesstrae 55, 20146 Hamburg, Germany

10 Max Planck Institute for Astronomy, Kénigstuhl 17, 69117 Heidelberg, Germany

11 Istituto Internazionale per gli Alti Studi Scientifici (ITASS), Via G. Pellegrino 19, 84019 Vietri sul Mare (SA), Italy

12 European Southern Observatory, Karl-Schwarzschild StraBe 2, 85748 Garching bei Miinchen, Germany

13 Yunnan Observatories, Chinese Academy of Sciences, Kunming 650011, China

14 Key Laboratory for the Structure and Evolution of Celestial Objects, Chinese Academy of Sciences, Kunming 650011, China

15 Korea Astronomy & Space Science Institute, 776 Daedukdae-ro, Yuseong-gu, 305-348 Daejeon, Republic of Korea

16 Space Telescope Science Institute, 3700 San Martin Drive, Baltimore, MD 21218, United States of America

17 Jodrell Bank Centre for Astrophysics, School of Physics and Astronomy, Univ of Manchester, Oxford Road, Manchester M13 9PL, UK
18 Finnish Centre for Astronomy with ESO (FINCA), Viisiléntie 20, FI-21500 Piikkio, Finland

19 Unidad de Astronomia, Fac. de Ciencias Bésicas, Universidad de Antofagasta, Avda. U. de Antofagasta 02800, Antofagasta, Chile

20 CITEUC, Observatério Astronémico da Universidade de Coimbra, 3030-004 Coimbra, Portugal

21 Inst de Astrofisica, Facultad de Fisica, Pontificia Univ Catélica de Chile, Av. Vicuiia Mackenna 4860, 7820436 Macul, Santiago, Chile
22 Department of Physics, Sharif University of Technology, PO Box 11155-9161 Tehran, Iran

23 Astronomisches Rechen-Institut, Zentrum fiir Astronomie, Universitit Heidelberg, Monchhofstrale 12-14, 69120 Heidelberg, Germany
24 Planetary and Space Sciences, Department of Physical Sciences, The Open University, Milton Keynes, MK7 6AA, UK

25 Institut d’ Astrophysique et de Géophysique, Allée du 6 Aot 17, Sart Tilman, Bat. B5c, 4000 Ligge, Belgium

26 Stellar Astrophysics Centre, Department of Physics and Astronomy, Aarhus University, Ny Munkegade 120, DK-8000 Aarhus C, Denmark

Astronomy & Astrophysics, published (2016A&A...589A..58E)

Context. Wide binaries are a potential pathway for the formation of hot Jupiters. The binary fraction among host
stars is an important discriminator between competing formation theories, but has not been well characterised.
Additionally, contaminating light from unresolved stars can significantly affect the accuracy of photometric and
spectroscopic measurements in studies of transiting exoplanets.

Aims. We observed 101 transiting exoplanet host systems in the Southern hemisphere in order to create a homoge-
neous catalogue of both bound companion stars and contaminating background stars, in an area of the sky where
transiting exoplanetary systems have not been systematically searched for stellar companions. We investigate the
binary fraction among the host stars in order to test theories for the formation of hot Jupiters.

Methods. Lucky imaging observations from the Two Colour Instrument on the Danish 1.54m telescope at La Silla
were used to search for previously unresolved stars at small angular separations. The separations and relative mag-
nitudes of all detected stars were measured. For 12 candidate companions to 10 host stars, previous astrometric
measurements were used to evaluate how likely the companions are to be physically associated.

Results. We provide measurementsof 499 candidate companions within 20 arcseconds of our sample of 101 planet
host stars. 51 candidates are located within 5 arcseconds of a host star, and we provide the first published measure-
ments for 27 of these. Calibrations for the plate scale and colour performance of the Two Colour Instrument are
presented.

Conclusions. We find that the overall multiplicity rate of the host stars is 38ﬂ§%, consistent with the rate among
solar-type stars in our sensitivity range, suggesting that planet formation does not preferentially occur in long period
binaries compared to a random sample of field stars. Long period stellar companions (P > 10 yr) appear to occur
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independently of short period companions, and so the population of close-in stellar companions is unconstrained by
our study.

Download/Website: http://arxiv.org/abs/1603.03274

Contact: d. f.evans@keele.ac.uk

Galactic cosmic rays on extrasolar Earth-like planets: Il. Atmospheric
implications

J—M. Griefimeier"2, F. Tabataba-Vakili®, A. Stadelmann®, J. L. Grenfell>%, D. Atri”

1 LPC2E - Université d’Orléans / CNRS, 3A, Avenue de la Recherche Scientifique, 45071 Orleans cedex 2, France

2 Stn. de Radioastronomie de Nangay, Obs de Paris - CNRS/INSU, USR 704 - Univ. Orléans, OSUC, route de Souesmes, 18330 Nangay, France
3 Atmospheric, Oceanic and Planetary Physics, Dept of Physics, Univ. of Oxford, Clarendon Laboratory, Parks Road, Oxford OX1 3PU, UK
4 Technische Universitt Braunschweig, Mendelssohnstr. 3, 38106 Braunschweig, Germany

5 Zentrum fiir Astronomie und Astrophysik (ZAA), Technische Universitat Berlin (TUB), Hardenbergstr. 36, 10623 Berlin,

6 now at: Extrasolare Planeten und Atmosphiren (EPA), Institut fur Planetenforschung, DLR, Rutherfordstr. 2, 12489 Berlin, Germany

7 Blue Marble Space Institute of Science, 1200 Westlake Ave N Suite 1006, Seattle, WA 98109, USA

Astronomy & Astrophysics, published (ADS: 2016A&A...587A.159G, arXiv:1603.06500)

Context: Theoretical arguments indicate that close-in terrestial exoplanets may have weak magnetic fields. As de-
scribed in the companion article (Paper I), a weak magnetic field results in a high flux of galactic cosmic rays to the
top of the planetary atmosphere. Aims. We investigate effects that may result from a high flux of galactic cosmic
rays both throughout the atmosphere and at the planetary surface.

Aims: We wish to quantify the flux of Galactic cosmic rays to an exoplanetary atmosphere as a function of the
particle energy and of the planetary magnetic moment.

Methods: Using an air shower approach, we calculate how the atmospheric chemistry and temperature change under
the influence of galactic cosmic rays for Earth-like (N2-O2 dominated) atmospheres. We evaluate the production
and destruction rate of atmospheric biosignature molecules. We derive planetary emission and transmission spectra
to study the influence of galactic cosmic rays on biosignature detectability. We then calculate the resulting surface
UV flux, the surface particle flux, and the associated equivalent biological dose rates.

Results: We find that up to 20% of stratospheric ozone is destroyed by cosmic-ray protons. The effect on the plane-
tary spectra, however, is negligible. The reduction of the planetary ozone layer leads to an increase in the weighted
surface UV flux by two orders of magnitude under stellar UV flare conditions. The resulting biological effective
dose rate is, however, too low to strongly affect surface life. We also examine the surface particle flux: For a planet
with a terrestrial atmosphere (with a surface pressure of 1033 hPa), a reduction of the magnetic shielding effciency
can increase the biological radiation dose rate by a factor of two, which is non-critical for biological systems. For
a planet with a weaker atmosphere (with a surface pressure of 97.8 hPa), the planetary magnetic field has a much
stronger influence on the biological radiation dose, changing it by up to two orders of magnitude.

Conclusions: For a planet with an Earth-like atmospheric pressure, weak or absent magnetospheric shielding against
galactic cosmic rays has little effect on the planet. It has a modest effect on atmospheric ozone, a weak effect on the
atmospheric spectra, and a noncritical effect on biological dose rates. For planets with a thin atmosphere, however,
magnetospheric shielding controls the surface radiation dose and can prevent it from increasing to several hundred
times the background level.

Download/Website: http://www.aanda.org/articles/aa/abs/2016/01/aa25602-14/aa25602-14.html
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Figure 5: (Griessmeier et al.) Altitude-dependent change of the volume mixing ratio of NO,, (i.e. NO + NOy) (left)
and Oj (right) for exoplanets with a magnetic moment of M = 0.0, 0.05, 0.1, 0.15, 0.25, 0.5, 0.75, 1.0, 1.5, 2.0, 2.5,
3.0, 6.0 and 10.0 M ,p,1,6, relative to a case without cosmic rays.

Lightning as a possible source of the radio emission on HAT-P-11b

G. Hodosdn, P. B. Rimmer and Ch. Helling
SUPA, School of Physics and Astronomy, University of St Andrews, St Andrews KY 16 9SS, UK

Monthly Notices of the Royal Astronomical Society, accepted (ADS-Bibcode: 2016arXiv160407406H)

Lightning induced radio emission has been observed on Solar System planets. There have been many attempts
to observe exoplanets in the radio wavelength, however, no unequivocal detection has been reported. Lecavelier
des Etangs et al. (2013, A&A, 552, A65) carried out radio transit observations of the exoplanet HAT-P-11b, and
suggested that a small part of the radio flux can be attributed to the planet. In the current letter, we assume that this
signal is real, and study if this radio emission could be caused by lightning in the atmosphere of the planet. We find
that a lightning storm with 530 times larger flash densities than the Earth-storms with the largest lightning activity is
needed to produce the observed signal from HAT-P-11b. The optical counterpart would nevertheless be undetectable
with current technology. We show that HCN produced by lightning chemistry of such thunderstorms is observable
2-3 years after the storm, which produces signatures in the L (3.0um — 4.0pm) and N (7.5p4m — 14.54m) infrared
bands. We conclude that future, combined radio and infrared observations may lead to lightning detection on planets
outside the Solar System.

Contact: gh53@st—-andrews.ac.uk
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Transits of extrasolar moons around luminous giant planets

René Heller
Max Planck Institute for Solar System Research, Justus-von-Liebig-Weg 3, 37077 Géttingen, Germany

Astronomy & Astrophysics, published (2016A&A...588A..34H)

Beyond Earth-like planets, moons can be habitable, too. No exomoons have been securely detected, but they could
be extremely abundant. Young Jovian planets can be as hot as late M stars, with effective temperatures of up to
2000 K. Transits of their moons might be detectable in their infrared photometric light curves if the planets are
sufficiently separated ( 2, 10 AU) from the stars to be directly imaged. The moons will be heated by radiation from
their young planets and potentially by tidal friction. Although stellar illumination will be weak beyond 5 AU, these
alternative energy sources could liquify surface water on exomoons for hundreds of Myr. A Mars-mass HsO-rich
moon around 3 Picb would have a transit depth of 1.5 x 1073, in reach of near-future technology.

Download/Website: http://arxiv.org/abs/1603.00174
Contact: heller@mps.mpg.de
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Modeling the Orbital Sampling Effect of Extrasolar Moons

René Heller', Michael Hippke?, Brian Jackson®*

1 Max Planck Institute for Solar System Research, Justus-von-Liebig-Weg 3, 37077 Géttingen, Germany
2 Luiter StraBe 21b, 47506 Neukirchen-VIuyn, Germany

3 Carnegie Department of Terrestrial Magnetism, 5241 Broad Branch Road, NW, Washington, DC 20015, USA
4 Department of Physics, Boise State University, Boise, ID 83725-1570, USA

The Astrophysical Journal, published (2016ApJ...820...88H)

The orbital sampling effect (OSE) appears in phase-folded transit light curves of extrasolar planets with moons.
Analytical OSE models have hitherto neglected stellar limb darkening and non-zero transit impact parameters and
assumed that the moon is on a circular, co-planar orbit around the planet. Here, we present an analytical OSE model
for eccentric moon orbits, which we implement in a numerical simulator with stellar limb darkening that allows
for arbitrary transit impact parameters. We also describe and publicly release a fully numerical OSE simulator
(PyOSE) that can model arbitrary inclinations of the transiting moon orbit. Both our analytical solution for the OSE
and PyOSE can be used to search for exomoons in long-term stellar light curves such as those by Kepler and the
upcoming PLATO mission. Our updated OSE model offers an independent method for the verification of possible
future exomoon claims via transit timing variations and transit duration variations. Photometrically quiet K and M
dwarf stars are particularly promising targets for an exomoon discovery using the OSE.

Download/Website: http://arxiv.org/abs/1603.07112
Contact: heller@mps.mpg.de
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Figure 7: (Heller, Hippke & Jackson) Visualization of our dynamical photometric OSE transit model. This example
shows the transit of Kepler-229 c, a 4.8 Rg, planet orbiting a 0.7 IR, star every ~ 17 d with a transit impact parameter
b = 0.25. Left: The planet (black circle) and the probability function (shaded horizontal strip) of a hypothetical
0.7 Rg moon with an orbital semimajor axis of 8 I, transit the limb-darkened star (large bright circle). Right: The
red cross on the OSE curve at 0.5 hr refers to the moment shown in the left panel. The inset zooms into the wings of
the transit ingress. Three models are shown: no moon (black solid), a 0.7 Rq, moon (red dashed), and a 1 Rgq, moon
(blue dotted), all moons with a semimajor axis of 8 I, around the planet.
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Predictable patterns in planetary transit timing variations and transit duration
variations due to exomoons

René Heller', Michael Hippke?, Ben Placek®, Daniel Angerhausen®®°, Eric Agol®"
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Astronomy & Astrophysics, accepted (arXiv:1604.05094)

We present new ways to identify single and multiple moons around extrasolar planets using planetary transit timing
variations (TTVs) and transit duration variations (TDVs). For planets with one moon, measurements from suc-
cessive transits exhibit a hitherto undescribed pattern in the TTV-TDV diagram, originating from the stroboscopic
sampling of the planet’s orbit around the planet—-moon barycenter. This pattern is fully determined and analytically
predictable after three consecutive transits. The more measurements become available, the more the TTV-TDV di-
agram approaches an ellipse. For planets with multiple moons in orbital mean motion resonance (MMR), like the
Galilean moon system, the pattern is much more complex and addressed numerically in this report. Exomoons in
MMR can also form closed, predictable TTV-TDV figures, as long as the drift of the moons’ pericenters is suffi-
ciently slow. We find that MMR exomoons produce loops in the TTV-TDV diagram and that the number of these
loops is equal to the order of the MMR, or the largest integer in the MMR ratio. We use a Bayesian model and Monte
Carlo simulations to test the discoverability of exomoons using TTV-TDV diagrams with current and near-future
technology. In a blind test, two of us (BP, DA) successfully retrieved a large moon from simulated TTV-TDV by
co-authors MH and RH, which resembled data from a known Kepler planet candidate. Single exomoons with a 10 %
moon-to-planet mass ratio, like to Pluto-Charon binary, can be detectable in the archival data of the Kepler primary
mission. Multi-exomoon systems, however, require either larger telescopes or brighter target stars. Complementary
detection methods invoking a moon’s own photometric transit or its orbital sampling effect can be used for valida-
tion or falsification. A combination of TESS, CHEOPS, and PLATO data would offer a compelling opportunity for
an exomoon discovery around a bright star.

Download/Website: http://arxiv.org/abs/1604.05094
Contact: heller@mps.mpg.de
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Figure 8: (Heller et al.) Construction of the planetary TTV-TDV diagram for a Jupiter-Io-Europa system in a 2:1
MMR. Numbers denote the percental orbital phase of the outer moon, Europa. Left: Top-down perspective on our
two-dimensional N-body simulation. The senses of orbital motion of the moons are indicated with curved arrows
along their orbits. Right: TDV-TTV diagram for the same system after an arbitrarily large number of transits. The
progression of the numerical TTV-TDV measurements is clockwise.
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Close-in planets around giant stars. Lack of hot-Jupiters and prevalence of
multi-planetary systems

J. Lillo-Box', D. Barrado?, A. C. M. Correia®*
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Astronomy & Astrophysics, published (2016, A&A, 589, A124; arXiv ID: 1603.09719)

Extrasolar planets abound in almost any possible configuration. However, until five years ago, there was a lack of
planets orbiting closer than 0.5 au to giant or subgiant stars. Since then, recent detections have started to populated
this regime by confirming 13 planetary systems. We discuss the properties of these systems in terms of their forma-
tion and evolution off the main sequence. Interestingly, we find that 70.0 &= 6.6% of the planets in this regime are
inner components of multiplanetary systems. This value is 4.20 higher than for main-sequence hosts, which we find
to be 42.4 4+ 0.1%. The properties of the known planets seem to indicate that the closest-in planets (a < 0.06 au) to
main-sequence stars are massive (i.e., hot Jupiters) and isolated and that they are subsequently engulfed by their host
as it evolves to the red giant branch, leaving only the predominant population of multiplanetary systems in orbits
0.06 < a < 0.5 au. We discuss the implications of this emerging observational trend in the context of formation
and evolution of hot Jupiters.

Download/Website: http://arxiv.org/abs/1603.09719
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Figure 9: (Lillo-Box et al.) Semi-major axis of known planets against their host surface gravity. We include single
planets (red plus symbols) and multiplanetary systems (circles) with the inner component being the dark blue and
the outer planet(s) in light blue. For reference, we also plot the stellar radius of the host star at every evolutionary
stage (i.e., for the different surface gravities) for two masses that comprise the range of masses of the hosts analyzed
in this paper, 1 M (dotted) and 1.6 M (dash-dotted).
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EPIC210957318 b and EPIC212110888 b: two inflated hot-Jupiters around
Solar-type stars
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Astronomy & Astrophysics, submitted

We report the discovery of the two hot-Jupiters EPIC210957318 b and EPIC212110888 b (hereafter EPIC-318 b and
EPIC-888 b, respectively). The two planets were detected transiting their main-sequence stars with periods ~ 4.099
and ~ 2.996 days, in campaigns 4 and 5 of the extension of the Kepler mission, K2. Subsequent ground-based radial
velocity follow-up with SOPHIE, HARPS-N and CAFE established the planetary nature of the transiting objects. We
analysed the transit signal, radial velocity and spectral energy distributions of the two systems to characterize their
properties. Both planets (EPIC-318 b and EPIC-888 b) are bloated hot-Jupiters (1.20 Ry, and 1.22 Rjy) around
relatively bright (V' = 13.5 and V = 11.5), slow rotating main-sequence (G8 and F9) stars. Thus, these systems
are good candidates for detecting the Rossiter-MacLaughlin effect to measure their obliquity and for atmospheric
studies.

Download/Website: http://arxiv.org/abs/1601.07635
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Transmission spectroscopy of HAT-P-32b with the LBT: confirmation of
clouds/hazes in the planetary atmosphere

Matthias Mallonn & Klaus G. Strassmeier
Leibniz-Institut fiir Astrophysik Potsdam, An der Sternwarte 16, D-14482 Potsdam, Germany

Astronomy & Astrophysics, in press (arXiv:1603.09136)

Spectroscopic observations of a transit event of an extrasolar planet offer the opportunity to study the composition
of the planetary atmosphere. This can be done with comparably little telescope time using a low-resolution multi-
object spectrograph at a large aperture telescope. We observed a transit of the inflated hot Jupiter HAT-P-32b with
the Multi-Object Double Spectrograph at the Large Binocular Telescope to characterize its atmosphere from 3300 to
10000 A. A time series of target and reference star spectra was binned in two broad-band wavelength channels, from
which differential transit light curves were constructed. These broad-band light curves were used to confirm previous
transit parameter determinations. To derive the planetary transmission spectrum with a resolution of R ~ 60, we
created a chromatic set of 62 narrow-band light curves. The spectrum was corrected for the third light of a nearby M
star. Additionally, we undertook a photometric monitoring campaign of the host star to correct for the influence of
starspots. The transmission spectrum of HAT-P-32b shows no pressure-broadened absorption features from Na and
K, which is interpreted by the presence of clouds or hazes in the planetary atmosphere. This result is in agreement
with previous studies on the same planet. The presence of TiO in gas phase could be ruled out. We find a 2.8 ¢
indication of increased absorption in the line core of potassium (KI 7699 A). No narrow absorption features of
Na and Ha were detected. Furthermore, tentative indications were found for a slope of increasing opacity toward
blue wavelengths from the near-IR to the near-UV with an amplitude of two scale heights. If confirmed by follow-
up observations, it can be explained by aerosols either causing Mie scattering or causing Rayleigh scattering with
an aerosol - gas scale height ratio below unity. The host star was found to be photometrically stable within the
measurement precision.

Download/Website: http://arxiv.org/abs/1603.09136
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An optical transmission spectrum of the giant planet WASP-36b
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Monthly Notices of the Royal Astronomical Society, published (2016 MNRAS.459.1393M)

We present broad-band photometry of five transits in the planetary system WASP-36, totaling 17 high-precision
light curves. Four of the transits were simultaneously observed in four passbands (¢, 7/, ', 2’), using the telescope-
defocussing technique, and achieving scatters of less than 1 mmag per observation. We used these data to improve
the measured orbital and physical properties of the system, and obtain an optical transmission spectrum of the
planet. We measured a decreasing radius from bluer to redder passbands with a confidence level of more than 5¢.
The radius variation is roughly 11 pressure scale heights between the ¢’ and the 2’ bands. This is too strong to be
Rayleigh scattering in the planetary atmosphere, and 