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1 Editorial

Welcome to Edition 154 of the ExoPlanet News!

In this April issue you will find abstracts of scientific papers, conference announcements, Exoplanet Archive
updates, job postings, and an overview of exoplanet-related articles on astro-ph.

We remind you of some guidelines for using our templates. If you follow these guidelines, you will make our job
easier:

� Please rename the .tex file you send from abstract template to something with your last name, like jobs smith
or announcement miller

� Avoid using hyperlinks, the newsletter template cannot yet handle the package hyperref.

� Do not use any defined command or additional packages

� Abstract: should occupy maximum one page of the pdf without figure. If the list of authors is too large for
this, please cut the list of authors, add “et al.” followed by “(a complete list of authors can be found on the
publication)”.

� Figure: attach it to the e-mail without large white margins. It should be one single pdf file per abstract.

� Prior to submission, please remember to comment the three lines which start the tex document and the last
line which ends the document.

� Please remember to fill the brackets fg after the title with author names.

For the next month we look forward to your paper abstracts, job ads or meeting announcements. Also special
announcements are welcome. As always, we would also be happy to receive feedback concerning the newsletter.
The Latex template for submitting contributions, as well as all previous editions of ExoPlanet News, can be found
on the ExoPlanet News webpage (http://nccr-planets.ch/exoplanetnews/).

The next issue will appear on 10 May 2022.

Holly Capelo
Daniel Angerhausen
Lokesh Mishra
Timm-Emanuel Riesen
Julia Venturini

Univ. of Bern, Univ. of Geneva, ETH Zürich, Univ. of Zürich, EPF Lausanne
The National Centers of Competence in Research (NCCR) are a research instrument
of the Swiss National Science Foundation.



2 ABSTRACTS OF REFEREED PAPERS 4

2 Abstracts of refereed papers
Periodic orbits in the 1:2:3 resonant chain and their impact on the orbital

dynamics of the Kepler-51 planetary system

Kyriaki I. Antoniadou & George Voyatzis
Department of Physics, Aristotle University of Thessaloniki, 54124, Thessaloniki, Greece

Astronomy & Astrophysics, in press, “arXiv:2203.03349”

Space missions have discovered a large number of exoplanets evolving in (or close to) mean-motion resonances
(MMRs) and resonant chains. Often, the published data exhibit very high uncertainties due to the observational
limitations that introduce chaos into the evolution of the system on especially shorter or longer timescales. We
propose a study of the dynamics of such systems by exploring particular regions in phase space. We exemplify our
method by studying the long-term orbital stability of the three-planet system Kepler-51 and either favor or constrain
its data. It is a dual process which breaks down in two steps: the computation of the families of periodic orbits in the
1:2:3 resonant chain and the visualization of the phase space through maps of dynamical stability. We present novel
results for the general four-body problem. Stable periodic orbits were found only in the low-eccentricity regime.
We demonstrate three possible scenarios safeguarding Kepler-51, each followed by constraints. Firstly, there are the
2/1 and 3/2 two-body MMRs, in which eb < 0:02, such that these two-body MMRs last for extended time spans.
Secondly, there is the 1:2:3 three-body Laplace-like resonance, in which ec < 0:016 and ed < 0:006 are necessary
for such a chain to be viable. Thirdly, there is the combination comprising the 1/1 secondary resonance inside the
2/1 MMR for the inner pair of planets and an apsidal difference oscillation for the outer pair of planets in which the
observational eccentricities, eb and ec, are favored as long as ed � 0. With the aim to obtain an optimum deduction
of the orbital elements, this study showcases the need for dynamical analyses based on periodic orbits performed in
parallel to the fitting processes.
Download/Website: https://doi.org/10.1051/0004-6361/202142953

Contact: kyant@auth.gr
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Grid of pseudo-2D chemistry models for tidally locked exoplanets - II. The role of
photochemistry

R. Baeyens1, T. Konings1, O. Venot2, L. Carone3;4, L. Decin1

1 Institute of Astronomy, KU Leuven, Celestijnenlaan 200D, 3001 Leuven, Belgium
2 Université de Paris and Université Paris-Est Créteil, CNRS, LISA, F-75013 Paris, France
3 Max-Planck-Institut für Astronomie, Königstuhl 17, 69117 Heidelberg, Germany
4 Centre for Exoplanet Science, University of St Andrews, North Haugh, St Andrews, KY169SS, UK

Monthly Notices of the Royal Astronomical Society, in press (arXiv:2203.11233)

Photochemistry is expected to change the chemical composition of the upper atmospheres of irradiated exoplanets
through the dissociation of species, such as methane and ammonia, and the association of others, such as hydrogen
cyanide. Although primarily the high altitude day side should be affected by photochemistry, it is still unclear
how dynamical processes transport photochemical species throughout the atmosphere, and how these chemical
disequilibrium effects scale with different parameters. In this work we investigate the influence of photochemistry
in a two-dimensional context, by synthesizing a grid of photochemical models across a large range of temperatures.
We find that photochemistry can strongly change the atmospheric composition, even up to depths of several bar
in cool exoplanets. We further identify a sweet spot for the photochemical production of hydrogen cyanide and
acetylene, two important haze precursors, between effective temperatures of 800 and 1400 K. The night sides of
most cool planets (Teff < 1800 K) are shown to host photochemistry products, transported from the day side by
horizontal advection. Synthetic transmission spectra are only marginally affected by photochemistry, but we suggest
that observational studies probing higher altitudes, such as high-resolution spectroscopy, take photochemistry into
account.
Download/Website: https://arxiv.org/abs/2203.11233

Contact: robin.baeyens@kuleuven.be
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Figure 1: The differences in molecular abundance between models with photochemistry and without photochemistry
are shown for planets with different effective temperature. Solid lines denote the substellar point and dashed lines
shown the antistellar point. Strong photochemical activity can be seen between 800 and 1400 K, demonstrated
by a production of HCN and C2H2, and dissociation of CH4 and NH3. Photochemically produced HCN remains
abundant on the night side (dashed lines), while vertical mixing partially replenishes destroyed CH4/NH3.
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A Self-Consistent Model for Dust-Gas Coupling in Protoplanetary Disks

Konstantin Batygin1, Alessandro Morbidelli2
1 Division of Geological and Planetary Sciences, California Institute of Technology, Pasadena, CA 91125, USA
2 Laboratoire Lagrange, Université Côte d'Azur, Observatoire de la Ĉote d'Azur, CNRS, CS 34229, F-06304 Nice, France

Astronomy & Astrophysics, in press

Various physical processes that ensue within protoplanetary disks – including vertical settling of icy/rocky grains,
radial drift of solids, planetesimal formation, as well as planetary accretion itself – are facilitated by hydrodynamic
interactions between H/He gas and high-Z dust. The Stokes number, which quanti�es the strength of dust-gas cou-
pling, thus plays a central role in protoplanetary disk evolution, and its poor determination constitutes an important
source of uncertainty within the theory of planet formation. In this work, we present a simple model for dust-gas
coupling, and demonstrate that for a speci�ed combination of the nebular accretion rate,_M , and turbulence pa-
rameter,� , the radial pro�le of the Stokes number can be calculated uniquely. Our model indicates that the Stokes
number grows sub-linearly with orbital radius, but increases dramatically across the water-ice line. For �ducial
protoplanetary disk parameters of_M = 10 � 8 M � =year and� = 10 � 3, our theory yields characteristic values of
the Stokes number on the order ofSt � 10� 4 (corresponding to� mm-sized silicate dust) in the inner nebula and
St � 10� 1 (corresponding to� few-cm-sized icy grains), in the outer regions of the disk. Accordingly, solids are
expected to settle into a thin sub-disk at large stellocentric distances, while remaining vertically well-mixed inside
the ice line.

Download/Website:https://caltech.box.com/s/mh6dc8mdm1ibtsix3udkbnf6mt8cgd7t

Contact:kbatygin@gps.caltech.edu
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Figure 2
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The polar orbit of the warm Neptune GJ 436b seen with VLT/ESPRESSO

V. Bourrier1, M. R. Zapatero Osorio2, R. Allart14;1, O. Attia1, M. Cretignier1, X. Dumusque1, C. Lovis1,
V. Adibekyan3;10, F. Borsa8, P. Figueira11;3, J.I. Gonźalez Herńandez 5;6, A. Mehner15, N. C. Santos3;10,
T. Schmidt1, J. V. Seidel1;17, A. Sozzetti13, Y. Alibert16, N. Casasayas-Barris9, D. Ehrenreich1, G. Lo Curto15,
C. J. A. P. Martins3;4, P. Di Marcantonio7, D. Mégevand1, N.J. Nunes12, E. Palle5;6, E. Poretti8, S. G. Sousa3,
1 Observatoire Astronomique de l'Université de Gen�eve, Chemin Pegasi 51b, CH-1290 Versoix, Switzerland
2 Department of Physics, and Institute for Research on Exoplanets,Université de Montŕeal, Montŕeal, H3T 1J4, Canada
3 Physics Institute of University of Bern, Gesellschaftsstrasse 6, CH-3012 Bern, Switzerland
4 INAF - Osservatorio Astronomico di Trieste, via G. B. Tiepolo 11, I-34143, Trieste, Italy
5 Instituto de Astro�sica de Canarias, Via Lactea, E-38200 La Laguna, Tenerife, Spain
6 Universidad de La Laguna, Departamento de Astrof�́sica, E- 38206, La Laguna, Tenerife, Spain
7 Instituto de Astrof́�sica e Cîencias do Espaço, CAUP, Universidade do Porto, Rua das Estrelas, 4150-762, Porto, Portugal
8 Centro de Astrof́�sica da Universidade do Porto, Rua das Estrelas, 4150-762 Porto, Portugal
9 European Southern Observatory, Karl-Schwarzschild-Str. 2, 85748 Garching bei München, Germany
10 Departamento de F�́sica e Astronomia, Faculdade de Ciências, Universidade do Porto, Rua do Campo Alegre, 4169-007 Porto, Portugal
11 Institute for Fundamental Physics of the Universe, Via Beirut 2, 34151 Miramare, Trieste, Italy
12 INAF - Osservatorio Astronomico di Brera, Via Bianchi 46, 23807 Merate, Italy
13 INAF, Osservatorio Astro�sico di Catania, Via S. So�a 78, 95123 Catania, Italy
14 INAF Osservatorio Astro�sico di Torino, Via Osservatorio 20, 10025 Pino Torinese, Italy
15 INAF Osservatorio Astronomico di Palermo, Piazza del Parlamento 1, 90134 Palermo, Italy
16 Centro de Astrobioloǵ�a (CSIC-INTA), Carretera de Ajalvir km 4, 28850 Torrejón de Ardoz, Madrid, Spain
17 Instituto de Astrof́�sica de Canarias, E-38205 La Laguna, Tenerife, Spain
18 Consejo Superior de Investigaciones Cient�́�cas, E-28006 Madrid, Spain
19 Centro de Astrobioloǵ�a (CAB, CSIC-INTA), Depto. de Astrof�́sica, ESAC campus 28692 Villanueva de la Cañada (Madrid)

Astronomy & Astrophysics, in press / arXiv:2203.06109

GJ 436b might be the prototype of warm Neptunes that have undergone late migration induced by an outer com-
panion. Precise determination of the orbital architecture of such systems is critical to constraining their dynamical
history and evaluating the role of delayed migration in the exoplanet population. To this purpose we analyzed the
Rossiter-McLaughlin (RM) signal of GJ 436 b in two transits —recently observed with ESPRESSO— using three
different techniques. The high level of precision achieved in radial velocity (RV) measurements allows us to detect
the deviation from the Keplerian orbit, despite the slow rotation of the M dwarf host (v sini � = 272.0+40 :0

� 34:0 m s� 1),

and to measure the sky-projected obliquity (� = 102.5+17 :2
� 18:5

�
). The Reloaded RM technique, which allows the stellar

RV �eld along the transit chord to be analyzed, yields� = 107.5+23 :6
� 19:3

�
andv sini � = 292.9+41 :9

� 49:9 m s� 1. The RM
Revolutions technique, which allows us to �t the spectral pro�les from all planet-occulted regions together, yields

� = 114.1+22 :8
� 17:8

�
andv sini � = 300.5+45 :9

� 57:0 m s� 1. The consistent results between these three techniques, and with
published results from HARPS/HARPS-N data, con�rm the polar orbit of GJ 436b and support the hypothesis that
its origin lies in Kozai migration. Results from a joint RM Revolutions analysis of the ESPRESSO, HARPS, and

HARPS-N datasets (� = 113.5+23 :3
� 17:3

�
; v sini � = 293.5+43 :7

� 52:2 m s� 1) combined with a revised stellar inclination (i ? =

35.7+5 :9
� 7:6

�
or 144.2+7 :6

� 5:9
�
) lead us to constrain the 3D obliquity	 to 103.2+12 :8

� 11:5
�
.

Download/Website:arxiv:2203.06109

Contact:vincent.bourrier@unige.ch
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Figure 3
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High-contrast, high-angular resolution view of the GJ 367 exoplanet system

W. Brandner1, P. Calissendorff2, N. Frankel3;1, F. Cantalloube4
1 Max Planck Institute for Astronomy, Heidelberg, Germany
2 Department of Astronomy, University of Michigan, Ann Arbor, MI, USA
3 Canadian Institute for Theoretical Astrophysics, University of Toronto, Toronto, Canada
4 Aix Marseille Univ, CNRS, CNES, LAM, Marseille, France

Monthly Notices of the Royal Astronomical Society, in press (arXiv:2204.02998)

We search for additional companions in the GJ 367 exoplanet system, and aim at better constraining its age and evo-
lutionary status. We analyse high contrast direct imaging observations obtained with HST/NICMOS, VLT/NACO,
and VLT/SPHERE. We investigate and critically discuss con�icting age indicators based on theoretical isochrones
and models for Galactic dynamics. A comparison of GAIA EDR3 parallax and photometric measurements with the-
oretical isochrones suggest a young age� 60 Myr for GJ 367. The star's Galactic kinematics exclude membership
to any nearby young moving group or stellar stream. Its highly eccentric Galactic orbit, however, is atypical for a
young star. Age estimates considering Galactic dynamical evolution are most consistent with an age of 1 to 8 Gyr.
We �nd no evidence for a signi�cant mid-infrared excess in the WISE bands, suggesting the absence of warm dust
in the GJ 367 system. The direct imaging data provide signi�cantly improved detection limits compared to previous
studies. At 530 mas (5 au) separation, the SPHERE data achieve a 5 sigma contrast of2:6 � 10� 6. The data exclude
the presence of a stellar companion at projected separations� 0.4 au. At projected separations� 5 au we can exclude
substellar companions with a mass� 1.5 MJup for an age of 50 Myr, and� 20 MJup for an age of 5 Gyr. By apply-
ing the stellar parameters corresponding to the 50 Myr isochrone, we derive a bulk density of� planet = 6 :2g/cm3

for GJ 367 b, which is 25% smaller than a previous estimate.

Download/Website:https://doi.org/10.1093/mnras/stac961

Contact:brandner@mpia.de
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Figure 4: Radial mass detection limits for SPHERE, transformed from 5� contrast limits using the models by
Baraffe et al. 2003 for ages of 50 Myr (blue dashed line) and 5 Gyr (red dashed-dotted line). The asterisk symbols
and the dotted line mark the companion mass to orbital radius relation explaining the proper motion anomaly of
GJ 367 according to Kervella et al. 2022.
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Longitudinally asymmetric stratospheric oscillation on a tidally locked exoplanet

M.Cohen1;2, M. Bollasina1, P.I. Palmer1;2, D.E. Sergeev3, I.A. Boutle4;5, N.J. Mayne4, J. Manners5;6

1 School of GeoSciences, The University of Edinburgh, Edinburgh, EH9 3FF, UK
2 Centre for Exoplanet Science, The University of Edinburgh, UK
3 Department of Mathematics, College of Engineering, Mathematics, and Physical Sciences, University of Exeter, Exeter, EX4 4QF, UK
4 Department of Astrophysics, College of Engineering, Mathematics, and Physical Sciences, University of Exeter, Exeter, EX4 4QF, UK
5 Met Of�ce, Fitzroy Road, Exeter EX1 3PB, UK
6 Global Systems Institute, University of Exeter, Exeter, EX4 4QF, UK

The Astrophysical Journal, in press (arXiv:2111.11281)

Using a three-dimensional general circulation model, we show that the atmospheric dynamics on a tidally locked
Earth-like exoplanet, simulated with the planetary and orbital parameters of Proxima Centauri b, support a longitu-
dinally asymmetric stratospheric wind oscillation (LASO), analogous to Earth's quasi-biennial oscillation (QBO).
In our simulations, the LASO has a vertical extent of 35–55 km, a period of 5–6.5 months, and a peak-to-peak wind
speed amplitude of -70 to +130 ms� 1 with a maximum at an altitude of 41 km. Unlike the QBO, the LASO dis-
plays longitudinal asymmetries related to the asymmetric thermal forcing of the planet and to interactions with the
resulting stationary Rossby waves. The equatorial gravity wave sources driving the LASO are localised in the deep
convection region at the substellar point and in a jet exit region near the western terminator, unlike the QBO, for
which these sources are distributed uniformly around the planet. Longitudinally, the western terminator experiences
the highest wind speeds and undergoes reversals earlier than other longitudes. The antistellar point only experiences
a weak oscillation with a very brief, low-speed westward phase. The QBO on Earth is associated with �uctuations in
the abundances of water vapour and trace gases such as ozone which are also likely to occur on exoplanets if these
gases are present. Strong �uctuations in temperature and the abundances of atmospheric species at the terminators
will need to be considered when interpreting atmospheric observations of tidally locked exoplanets.

Download/Website:https://arxiv.org/abs/2111.11281

Contact:s1144983@ed.ac.uk
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Figure 5: Schematic diagram of the location and interaction of Rossby waves, equatorial jets, and gravity wave
sources. The perspective is looking downward from the north pole. The lighter side of the sphere is the dayside and
the darker is the nightside. Red (blue) arrows indicate eastward (westward) air �ow, with larger arrows representing
faster wind speeds. Black spirals represent Rossby waves. The star symbol indicates gravity wave sources.
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Half-sibling regression meets exoplanet imaging: PSF modeling and subtraction
using a �exible, domain knowledge-driven, causal framework

T. D. Gebhard1;2;3,M. J. Bonse3, S. P. Quanz3, B. Scḧolkopf1;4

1 Max Planck Institute for Intelligent Systems, Max-Planck-Ring 4, 72076 Tübingen, Germany
2 Max Planck ETH Center for Learning Systems, Max-Planck-Ring 4, 72076 Tübingen, Germany
3 ETH Zurich, Institute for Particle Physics & Astrophysics, Wolfgang-Pauli-Str. 27, 8092 Zurich, Switzerland
4 Department of Computer Science, ETH Zurich, 8092 Zurich, Switzerland

Astronomy & Astrophysics, in press (arXiv:2204.03439)

Context: High-contrast imaging of exoplanets hinges on powerful post-processing methods to denoise the data and
separate the signal of a companion from its host star, which is typically orders of magnitude brighter.
Aims: Existing post-processing algorithms do not use all prior domain knowledge that is available about the prob-
lem. We propose a new method that builds on our understanding of the systematic noise and the causal structure of
the data-generating process.
Methods: Our algorithm is based on a modi�ed version ofhalf-sibling regression(HSR), a �exible denoising
framework that combines ideas from the �elds of machine learning and causality. We adapt the method to address
the speci�c requirements of high-contrast exoplanet imaging data obtained in pupil tracking mode. The key idea is to
estimate the systematic noise in a pixel by regressing the time series of this pixel onto a set of causally independent,
signal-free predictor pixels. We use regularized linear models in this work; however, other (non-linear) models
are also possible. In a second step, we demonstrate how the HSR framework allows us to incorporate observing
conditions such as wind speed or air temperature as additional predictors.
Results: When we apply our method to four data sets from the VLT/NACO instrument, our algorithm provides a
better false-positive fraction than PCA-based PSF subtraction, a popular baseline method in the �eld. Additionally,
we �nd that the HSR-based method provides direct and accurate estimates for the contrast of the exoplanets without
the need to insert arti�cial companions for calibration in the data sets. Finally, we present �rst evidence that using
the observing conditions as additional predictors can improve the results.
Conclusions: Our HSR-based method provides an alternative, �exible and promising approach to the challenge of
modeling and subtracting the stellar PSF and systematic noise in exoplanet imaging data.

Download/Website:https://github.com/timothygebhard/hsr4hci

Contact:tgebhard@tue.mpg.de
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Figure 6: Exemplary post-processing results on anL 0-band data set of the well-known HR 8799 system obtained
with VLT/NACO. The �gure shows a comparison between the baseline method (i.e., PCA-based PSF subtraction)
and our method, both with and without the observing conditions (OC) as additional metadata. Each panel contains
the respective signal estimate in units of �ux. The numbers on the labels denote the negative decimal logarithm of
the false positive fraction (i.e.,� log10 FPF). Higher values indicate higher con�dence in a detection. Among other
things, we �nd that our algorithm usually provides better� log10 FPF scores than the baseline method and show
that incorporating the observing conditions into an HCI/ADI post-processing pipeline can improve the results.
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Gap carving by a migrating planet embedded in a massive debris disc

M. F. Friebe, T. D. Pearce, T. L̈ohne
Astrophysikalisches Institut und Universitätssternwarte, Friedrich-Schiller-Universität Jena, Schillerg̈aßchen 2-3, D-07745 Jena, Germany

Monthly Notices of the Royal Astronomical Society, in press (arXiv:2203.03611)

When considering gaps in debris discs, a typical approach is to invoke clearing by an unseen planet within the gap,
and derive the planet mass using Wisdom overlap or Hill radius arguments. However, this approach can be invalid
if the disc is massive, because this clearing would also cause planet migration. This could result in a calculated
planet mass that is incompatible with the inferred disc mass, because the predicted planet would in reality be too
small to carve the gap without signi�cant migration. We investigate the gap that a single embedded planet would
carve in a massive debris disc. We show that a degeneracy is introduced, whereby an observed gap could be carved
by two different planets: either a high-mass, barely-migrating planet, or a smaller planet that clears debris as it
migrates. We �nd that, depending on disc mass, there is a minimum possible gap width that an embedded planet
could carve (because smaller planets, rather than carving a smaller gap, would actually migrate through the disc and
clear a wider region). We provide simple formulae for the planet-to-debris disc mass ratio at which planet migration
becomes important, the gap width that an embedded planet would carve in a massive debris disc, and the interaction
timescale. We also apply our results to various systems, and in particular show that the disc ofHD 107146can be
reasonably well-reproduced with a migrating, embedded planet. Finally, we discuss the importance of planet-debris
disc interactions as a tool for constraining debris disc masses.

Download/Website:https://ui.adsabs.harvard.edu/abs/2022MNRAS.tmp..658F/abstract

Contact:marc.friebe@uni-jena.de




