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TESS Mission Overview

• TESS is the flagship survey mission for transiting exoplanets, 

proposed in 2011, approved in 2013, and launched in 2018

• All-sky survey of transiting

exoplanets around nearby stars

• 2+ year observation with

4 cameras (10cm diameter)

each having 24o x 24o FoV

• Currently 8th year observation is ongoing



False Positives in TESS Candidate Planets

• TESS’s camera has very wide field of view

– The pixel scale is very large (21 arcsec/pixel)

• Many candidates of transiting planets are discovered 
by periodic dimming, but they include many false 
positives due to eclipsing binaries

• How can we discriminate true transiting planets with 
eclipsing binaries?



Transiting Planets and False Positives

transiting planet

grazing eclipsing binary
background/hierarchical

eclipsing binary

Validation/Confirmation methods

Multi-color transit photometry to see wavelength dependence

AO/speckle imaging to exclude contamination

Recon spectroscopy and RV measurements

Eclipsing binaries may mimic transit-like dimming



Discriminating between true planets and false positives

planet HEB

Multicolor simultaneous cameras can discriminate between true planets

and false positives from a single follow-up transit observation



MuSCAT on Okayama 1.88m telescope

• Multicolor Simultaneous Camera for 

studying Atmospheres of Transiting 

exoplanets (MuSCAT)

• Development started since 2013, first 

light commissioning was done on the 

night of Dec 24, 2014

• Blue (g: 400-550nm)、red (r: 550-

700nm)、NIR (zs: 820-920nm) 

simultaneous imaging



Optical Design

Narita et al. (2015)



Demonstration of Precision: MuSCAT

RMS(10s) = 0.10 %

RMS(1min)   =  0.045 %
RMS(10s) = 0.091 %

RMS(1min)   = 0.041 %
RMS(30s) = 0.068 %

RMS(1min)   = 0.048 %

Case for HAT-P-14 (F star, V=10) :  Fukui et al. (2016a)

MuSCAT can achieve ~0.05% precision for 10th mag targets

in 60 sec exposure



MuSCAT2 on TCS 1.52m@IAC

TCS 1.52m telescope

Teide observatory, Tenerife, Spain

28º 18' 01.8" N, 16º 30' 39,2" W

2386.75m

middel of Mount Teide (3718m)

First light on August 24, 2017
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Designs of MuSCAT2



Performance of MuSCAT2: Case for WASP-12b
Achieving < 0.1% photometric precision in 4 colors simultaneously 

Narita et al. (2019)



MuSCAT3 on FTN 2m@LCO

2m Faulkes Telescope North 

(operated by Las Cumbres Observatory)

Haleakala, Maui, USA

20º 42’ 27.0“ N, 156º 15’ 21.6” W

at the top of Haleakala (3,055m)

First light on September 28, 2020



Design of MuSCAT3

Narita et al. (2020)



MuSCATs network for efficient planet validation



From MuSCAT3 to MuSCAT4

LCO got a grant from Heising-Simons Foundation, USA, to

develop a copy of MuSCAT3 to the twin 2m telescope in Australia

in 2022 

From website of Heising-Simons Foundation



MuSCAT4 on FTS 2m@Siding Spring, Australia

First light on October 6, 2023

We can now access southern sky



TESS candidate planets (TOIs) around stars Teff < 3500K
TESS has discovered 100+ TOIs as of April 2021

50+ TOIs are observable from Maunakea with >40 deg elevation

We have validated over 50 TOIs with the MuSCAT series,

and selected ~30 TOIs for further follow-up with Subaru IRD



Masses of ultra-short-period planets (USPs)

IRD measured the masses of 2 USPs validated by the MuSCAT series
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A close-in giant planet around a mid-M dwarf

𝑀𝑝 = 0.463−0.088
+0.082 𝑀Jup

Kagetani et al. (2023)

ΤFe H = 0.27 ± 0.09

𝑇eff = 3275 ± 61 K

We have confirmed that TOI-519 b is a giant planet from IRD RVs

𝑅𝑝 = 1.03 ± 0.03 𝑅Jup

𝑃 = 1.265 days

TOI-519 b is one of the short period giant planets

around one of the lowest temperature M dwarfs known so far



Discovery of a habitable super-Earth
We validated two super-Earths around an M6 dwarf

LP 890-9 (TOI-4306, SPECULOOS-2) at 32 pc

Delrez, Murray, Pozuelos, Narita et al. (2022)

The outer one is a 1.37 REarth planet in 

the habitable zone

IRD RVs

MuSCAT3 light curves



New Research Topic: Young Transiting Planets

Young Transiting Planets: An Emerging Population Thanks to TESS

I proposed KAKENHI Kiban-S and the project started from 2024

PI: Norio Narita (UTokyo)

Co-Is: Akihiko Fukui (UTokyo), Teruyuki Hirano, John Livingston (ABC), 

Eiichiro Kokubo (NAOJ), Yasunori Hori (Okayama)



Why young transiting planets?

We aim to uncover how young planets and planetary systems evolve



How to achieve the goal

• Instrument development

– New multi-color network in the southern hemisphere

– Helium ultra-narrow-band filter for TAO/SWIMS

• Observational studies

– Finding new young transiting planets

– Monitoring TTV to determine accurate masses

– Measuring obliquities

– Helium transmission spectroscopy

• Theoretical studies

– Orbital evolution

– Atmospheric loss

– Giant impacts



Possible future of the MuSCAT network

We are developing new instruments for LCO’s 1m telescopes
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Why in the southern hemisphere?

populations. These objects could still be true members of their
respective associations with low-quality or inaccurate kine-
matic measurements, therefore we do not consider that they
are necessarily non-members. The exclusion of such outliers
will avoid biasing the spatial and kinematic sizes of the
BANYAN Σ models to arti cially large values, which would
result in larger rates of contamination, as long as they are
either non-members or suffer from inaccurate or low-quality
kinematic measurements. If some of them are true members of
a young association, it is likely that other objects with similar
kinematics exist and are not currently known. In such a case,
the gradual discovery of moving group members at the edges
of the current models with BANYAN Σ , or other methods to
identify new moving groups (e.g., see Oh et al. 2017) will
make it possible to uncover them. Careful searches using
BANYAN Σ with the kinematics-only mode described in

Table 8
Visual Selection Cuts Applied to Moving Groups with Noticeable Outliers

Association Rejection Criterion

ABDMG V > − 24 km s− 1

βPMG V > − 13 km s− 1

W > − 4 km s− 1

CBER W < − 3 km s− 1

ETAC Z < − 37 pc

HYA V < − 22 km s− 1

LCC U < − 15 km s− 1

PLE U > 0 km s− 1

THA Z > − 20 pc

U < 12.5 km s− 1

− 4 km s− 1 < W < 2 km s− 1

THOR U < − 25 km s− 1

USCO U > 10 km s− 1

Figure 1. Sky distribution of young association members that were used here to build the models of BANYAN Σ . The Galactic plane (b 15< ) is designated with
thegray region. The nearest young associations cover much larger fractions of the sky, which makes it harder to recognize their members without measuring their full
6D kinematics. Most of the young association members are located in the Southern hemisphere, with a few notable exceptions (UMA, CBER, PLE, HYA, TAU, and
118TAU). See Section 4 for more details.

Table 7
List of Bona Fide Members’ Designations

Main 2MASS AllWISE Gaia Other

AB Doradus

2MASS J00192626+ 4614078 J00192626+ 4614078 J001926.39+ 461406.8 L L

BD+ 54 144 A J00455088+ 5458402 J004551.02+ 545839.6 417565757132068096 HD 4277 A, HIP 3589 A

— BD+ 54 144 B L L L HD 4277 B, HIP 3589 B

2MASS J00470038+ 6803543 J00470038+ 6803543 J004701.09+ 680352.2 529737830321549952 L

G 132–51 B J01034210+ 4051158 J010342.24+ 405114.2 374400889126932096 L

— G 132–50 J01034013+ 4051288 J010340.24+ 405127.4 374400957846408192 L

— G 132–51 C L L 374400893422315648 L

HIP 6276 J01203226–1128035 J012032.34–112805.2 2470272808484339200 CD–12 243

G 269–153 A J01242767–3355086 J012427.84–335510.0 5015892473055253120 L

— G 269–153 B L L 5015892473055253248 L

(This table is available in its entirety in machine-readable form.)
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The second problem of the approximately uniform X and Y
distributions can be mitigated by arti cially in ating the two

diagonal elements of all covariance matrices jS̄̄ corresponding
to the X and Y dimensions by a factor much larger than the
typical distances which will be involved in using BANYAN Σ .
The density of the eld model will however need to be re-
adjusted to avoid affecting the stellar density in the solar
neighborhood.

The very small covariance between all XYZUVW coordinates
of eld stars compared to their variances (the Pearson
correlation coef cient of all dimensions is smaller than 0.1)
makes the problem of tting a mixture of multivariate

Gaussians signi cantly easier. The covariance matrices jS̄̄
can be assumed diagonal and the tting can be done
simultaneously in four one-dimensional spaces Z, U, V and
W instead of a single four-dimensional space. The X and Y

Figure 3. Distance, radial velocity, spatial size and kinematic scatter of BANYAN Σ association models as a function of age. Associations of the solar neighborhood
provide individual epochs that cover a large period of ages, relevant to disk evolution, planetary formation, and brown dwarfs’ atmospheric cooling. Associations in
our sample seem to display an increasing spatial size as a function of age, except for the denser open clusters. TAU is also an exception because its model includes
several sub-groups. See Section 5 for more details.
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(a) 若い星団の分布 (b) 若い星団の距離と年齢
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Sky locations of young clusters

(Gagne et al. 2018)

From the southern hemisphere,

we can observe most of nearby clusters listed in Gagne et al. (2018)

By developing multi-color network in the southern hemisphere,

we can increase new discoveries of young transiting planets

Locations of LCO telescopes Observable sky region (light green)



Why multi-color?

Validating new transiting planets

One of the major obstacles for validating new young transiting planets

Is the presence of large stellar variability of host stars

Example of brightness change of
a young host star
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Need for TTV Monitoring for Young Transiting Planets

HIP 67522b: Thao et al. (2024)

Gallery of recent JWST observations

for young (<1Gyr) transiting planets

Kepler-51d: Masuda et al. (2024)

MuSCAT network is useful for TTV monitoring

and ephemerides update for young transiting planets



Fractions of resonant systems with age

Dai et al. (2024)



Why TTV is important for young transiting planets

• High fraction of planet pairs in MMR

– Identifying additional planets

• Precise and accurate transit ephemerides

– Continuing TTV monitoring allow us to keep TTV models 

and transit ephemerides updated

• Accurate and independent mass determination

– TTVs offers mass determination independent from RVs

By developing multi-color network in the southern hemisphere,

we can monitor precise TTVs of young transiting planets



Possible Next Topic

The number of long-period transiting planets will increase

ESA’s PLATO is scheduled to be launched in 2026

Rauer et al. (2025)



Non-Exoplanetary Science with MuSCATs
Variability of blazers (McCall et al. 2024)



Non-Exoplanetary Science with MuSCATs
Follow-up of GRB 221009A (Shrestha et al. 2023)



Non-Exoplanetary Science with MuSCATs
Follow-up of Type II SN 2021yja (Hosseinzadeh et al. 2022)



Non-Exoplanetary Science with MuSCATs
Monitoring of (98943) Torifune 2001 CC21 (Popescu et al. 2025)



Key Takeaways

• We have developed 4 MuSCATs and are developing 2 more in 
the Southern hemisphere

• We are currently focusing on young transiting planets (at least 
until FY2028)
– Any collaboration for young transiting planets is more than welcome

• We also plan to observe long-period transiting planets

• MuSCATs are also useful for non-exoplanetary science 
including time-domain astronomy
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