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Our Goals:

We will develop a novel data calibration and spectral retrieval tools to exploit
archival data from ESA Space Science archives (HST) combined with NASA Space
Archives (Spitzer) and produce a homogeneous catalog and characterization.

To this end, we will collect a coherent and uniform database of the relevant
properties of host stars from ESA Space Science archives (XMM, Gaia), combined
with international space mission and ground-based data.

These exoplanet and host star catalogs will be accompanied/interpreted with
models to assess the importance of star — planet interactions.

In addition to the delivery of high level data products, our state of the art tools
will be ready for rapid exploitation of data from the James Webb Space Telescope.
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Measurement Uncertainties and Bias

A. Low Accuracy; B. Low Accuracy,
Low Precision High Precision

Is identical if you
C. High Accuracy; D. High Accuracy, don‘t knOW your

Low Preasuon High Precision
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Example: Eclipse observations of HD189733 b
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Example: Eclipse observations of HD189733 b
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Removing Instrument Systematics

Two options:
* Create a detailed instrument model which includes all effects
- Will most likely require substantial calibration observations
— Can be time dependent (not captured in model)
- Might not be complete
* Use a ,data driven” approach
- All necessary information to calibrate the data contained in the data itself
- Needs substantially less calibration observations

— Automatically takes care of time variations.
- Is generic!
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ing Causal Data Structures to Calibrate
Timeseries Observations

®

Modeling confounding by half-sibling regression

Bernhard Schélkopf®', David W. Hogg®, Dun Wang®, Daniel Foreman-Mackey®, Dominik Janzing?,
Carl-Johann Simon-Gabriel®, and Jonas Peters®

Publications of the Astronomical Society of the Pacific, 12 03 (13pp). 2016 September doi:10.10

coLLoQuium
PAPER

16. The Astronomical Society of the Pacific. All rights reserved. Printed in the U.S.A.

OPEN ACCESS

A Causal, Data-driven Approach to Modeling the Kepler Data

aDepartment of Empirical Inference, MPI for Intelligent Systems, Max Planck Institute for Intelligent Systems, 72076 Tuebingen, Germany; and "Center for

1 : 1.2 ; 4
Jano rid g . P
Cosmology and Particle Physics, New York University, New York, NY 10003 Dun W ang , David W H‘J‘Eg . Dz

! Center for Cosmology and Partig . Department of Ph
Edited by Richard M. Shiffrin, Indiana University, Bloomington, IN, and approved April 5, 2016 (received for review June 18, 2015)

We describe a method for removing the effect of confounders to
reconstruct a latent quantity of interest. The method, referred to as
“half-sibling regression,” is inspired by recent work in causal inference
using additive noise models. We provide a theoretical justification,
discussing both independent and identically distributed as well
as time series data, respectively, and illustrate the potential of
the method in a challenging astronomy application.

tibing;
ch 21; published 2016 June 23

Abstract

Astronomical observations are affected by several kinds of noise, each with its own causal source; there is photon
noise, stochastic source variability, and duals coming from imperfect calibration of the detector or telescope.

Look out for Sammland et al 2020 (submitted to A&A) for
an aplication of this method to VLT/SPHERE observations.
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Additive Noise Model

,Noise"

+
Transit Signal
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A Causal Noise Model

‘ Unobserved

I=X—E[X|Y]

16-01-2020

‘ Observed

X(t)=I(t)+f(N,t) Y(t)=g(N,t)
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A Causal Noise Model

‘ Unobserved

I=X—E[X|Y]

16-01-2020

Observed

X(t)=I(t)+f(N,t) Y (t)=R(t)+g(N,t)
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alibration of trAnsit Spectroscopy using
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Using
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on Spitzer data
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Using on Spectroscopic Data

Pixel from which the
signal is extracted

Pixels used to
construct regression
model

100 120
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A Causal Noise Model of HD189733 b Eclipses with Spitzer
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A Causal Noise Model of a WASP 19 b Transit with HST
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WASP 19 b ,final” transit spectrum
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See also Mandell et al 2013
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WASP 12 b ,Final” Transit Spectrum
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See also Tsiaras et al 2018; based on HST WFC3
observations in ,,scanning mode" of 3 transits.
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* Can handle spectroscopic data from different observatories, with
different instruments and observing modes (includes JWST).

* Performs optimal extraction, precise image registration and
rebinning to construct spectral timeseries.

e Current version only For Fixed T,

 Publicrelease of t
of H2020 funding

* Uniform catalog o
being created.

16-01-2020

ne code and documentation planned before end
veriod.

- HST and Spitzer spectra and analysis results is
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