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研究成果の概要（和文）：ケプラーミッション以来、宇宙望遠鏡からの大量のデータを含む惑星発見の新時代が
始まりました。 TESSミッションからのデータを分析することにより、惑星検索を全天に拡大し、多くの新しい
惑星の発見を可能にします。特に、TESSの前例のない規模と精度は、大型の地上望遠鏡を使用したさらなる研究
のための多くの優れたターゲットを提供します。 最近発売されたJWSTも同様です。 そのような詳細な研究を可
能にすることによって、惑星形成についての未解決の質問、高性能マシン上で実行される自動化されたパイプラ
インを構築することによって、人間の挑戦の規模は可能になります。 

研究成果の概要（英文）：Since the Kepler mission, a new era of planet discovery has begun, which 
involves large quantities of data from space telescopes. By analyzing data from the TESS mission we 
are expanding the planet search to the whole sky, enabling the discovery of many new planets that 
can be explored in more detail. In particular, the unprecedented scale and precision of TESS 
provides many excellent targets for further study using large ground-based telescopes as well as the
 recently launched JWST. By enabling such detailed studies, open questions about planet formation, 
migration, and evolution can ultimately be addressed. However, to achieve this we need to process 
large quantities of data, which presents both technical and human challenges. By building automated 
pipelines that run on high performance machines, the scale of the human challenges can be brought to
 a reasonable size. For the best planet candidates we discover, the computation of robust parameter 
estimates can also be done efficiently.

研究分野： Astronomy

キーワード： exoplanets

  １版

令和

研究成果の学術的意義や社会的意義
Our understanding of how planets form is undergoing a revolution, allowing us to better understand 
our home planet and solar system. Furthermore, the discovery of biosignatures in the atmospheres of 
other planets has the potential to change our understanding of humanity in a universal context.

※科研費による研究は、研究者の自覚と責任において実施するものです。そのため、研究の実施や研究成果の公表等に
ついては、国の要請等に基づくものではなく、その研究成果に関する見解や責任は、研究者個人に帰属します。
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１．研究開始当初の背景 

 
At the beginning of this research, the NASA Transiting Exoplanet Survey Satellite (TESS) 

mission had just begun to provide data. The planet discovery process begins with processing 

large amounts of data and after several stages of signal detection, vetting of planet 

candidates, and human vetting, important follow-up observations need to be scheduled to 

help confirm these newly discovered planets. These activities require timely processing of 

data and coordination with teams doing analysis and follow-up observations using telescopes 

around the world. Therefore, to achieve this I aimed to enhance collaboration with 

astronomers since the NASA K2 mission by building and operating several workstations with 

which to analyze TESS and follow-up data. The types of computation require parallel 

processing of large datasets as well as intensive simulation to compute robust parameter 

estimates. This is not only true for TESS data, but also for ground-based follow-up data, such 

as from the MuSCAT network of simultaneous multi-band high precision imagers on 1.5-2-

meter telescopes around the world.  

 
２．研究の目的 

 
The purpose of this work is to 1) detect new planets in space telescope data, 2) subject these 

data to various degrees of scrutiny such that the best candidates can be scheduled for follow-

up observations, and 3) perform robust parameter estimates from heterogeneous datasets 

and synthesize the results into final dispositions and fundamental measurements. 

 

３．研究の方法 

 
The transit-least-squares (TLS) algorithm can detect planet candidates with lower signal-to-

noise ratio (SNR) than traditional methods, such as box-least-squares (BLS). This is 

especially important for the identification of Earth-like planets, which have smaller radii 

compared to their host stars, and thus generally lower SNR. We employed TLS to detect 

transit signals and provide diagnostics and initial parameter estimates, which facilitates 

candidate vetting as well as more robust parameter estimates afterwards. Markov Chain 

Monte Carlo (MCMC) methods are used to robustly determine fundamental planet and star 

parameters using a combination of space telescope and ground-based follow-up data, as well 

as data from stellar catalogs. A subset of parameter estimation problems can be efficiently 

computed using more advanced forms of MCMC, such as Hamiltonian Monte Carlo (HMC), 

which requires the computation of model gradients to explore parameter space. These 

advanced sampling methods are important because they can compute posterior distributions 

more efficiently than traditional MCMC methods, which facilitates the robust determination 

of fundamental parameters on a larger scale, e.g. for the large number of planet candidates 

we are finding with TESS. Although still not widely adopted due to its technical difficulty, 

gradient-based approaches such as HMC are a logical next step for advancing the field by 

taking advantage of modern computing architectures such as the use of graphical processing 

units (GPUs). It is not always possible or straightforward to achieve better performance this 

way, however, so sufficiently powerful CPUs are also needed for many tasks. Thankfully, 

modern compilation architectures can provide a high-level interface for efficient computation 

on either GPUs or CPUs. As the field progresses, more kinds of computation will be able to 

be done more efficiently on GPUs, which will result in better fundamental datasets for 

exoplanet science, e.g., planet demographics using a large sample of planets with robustly 

determined fundamental parameters. 
 
４．研究成果 
 
This work has resulted in numerous planet discoveries (see bibliography), but to illustrate 

some of the results I highlight one recent paper by Mori et al. (2022, in press) [1]. The 

presence of a shallow transit signal was detected in the light curve of a low mass (type M) 

star by TLS. The upper panel of Figure 1 shows the raw light curve (gray points) with binned 

data (black points) and a model for stellar variability in white; the lower panel shows the 

residuals after subtracting the variability model with the TLS transit model (in blue) showing 



 

 

the location of the individual transit events. 

 
Figure 1. TESS light curve and TLS model. 

 
The period and amplitude of the transit signal can be seen in the TLS periodogram (see left 

panel of Figure 2). The signal can be better visualized by folding the light curve on the 

detected orbital period (middle panel of Figure 2). The depth of the individual transits is 

shown in the right panel of Figure 2 and illustrates a lack of so-called “odd-even” variations, 

which are indicative of false positive scenarios involving systems of eclipsing binary stars.  

 
Figure 2. TLS diagnostics. 

 

Finally, a transit of the planet observed simultaneously in different photometric 

bandpasses is shown in Figure 3. In addition to yielding increased measurement 

precision of the orbital period, the robust determination of planet radius in different 

bandpasses further restricts the possibility that the candidate could be a false positive; 

as such, this kind of robust parameter estimation significantly contributes to the 

“validation” of a planet candidate.  

 
Figure 3. Validation via robust parameter estimation of ground-based data. 
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