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Ongoing/Future Space Transit Survey Missions
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Figure 5.4: Schematic comparison of observing approaches. Blue squares: CoRoT target fields in the galactic centre 
and anti-centre direction. Upper left corner (yellow): the Kepler target field. Large squares: size of the PLATO field. A 
combination of short and long (darker) duration pointings is able to cover a very large part of the sky. Note that the 
final locations of long and step-and-stare fields will be defined after mission selection and are drawn here for 
illustration only. 

 

During long observations, the Spacecraft must maintain the same line-of-sight (LoS) towards one field for up 
to several years. However, the Spacecraft must be periodically re-pointed in order to ensure the solar arrays 
are pointed towards the Sun. This is achieved by rotating the Spacecraft around the LoS by 90° roughly 
every 3 months, as shown in Figure 5.5. 

 
Figure 5.5: Spacecraft Rotation around Payload LOS during one Orbit  

 

These mission requirements have led to the definition of two candidate design concepts for the PLATO 
spacecraft developed by the respective Industrial contractors, Astrium/EADS, and Thales Alenia Space 
(TAS). 
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Figure 7. Left.—The instantaneous combined field of view of the four TESS cameras. Middle.—Division of the celestial
sphere into 26 observation sectors (13 per hemisphere). Right.—Duration of observations on the celestial sphere, taking
into account the overlap between sectors. The dashed black circle enclosing the ecliptic pole shows the region which JWST
will be able to observe at any time.

downlink using NASA’s Deep Space Network. In addition, momentum unloading is occasionally needed due to
the ⇡1.5 N m of angular momentum build-up induced by solar radiation pressure. For this purpose TESS uses
its hydrazine thrusters.

7.4 Ground-based data analysis and follow-up

The TESS data will be processed with a data reduction pipeline based on software that was developed for the
Kepler mission.22 This includes pixel-level calibration, background subtraction, aperture photometry, detrending
with respect to weighted ensembles of target star light curves, and searching for transits with a wavelet-domain
matched filter.

Once the data are processed and transits are identified, selected stars will be characterized with ground-
based imaging and spectroscopy. These observations are used to establish reliable stellar parameters, confirm
the existence of planets, and establish the sizes and masses of the planets. Observations will be performed with
committed time on the Las Cumbres Observatory Global Telescope Network and the MEarth observatory. In
addition the TESS science team members have access to numerous other facilities (e.g., Keck, Magellan, Subaru,
HARPS, HARPS-North, Automated Planet Finder) through the usual telescope time allocation processes at
their home institutions. The TESS team includes a large group of collaborators for follow-up observations and
welcomes additional participation.

8. ANTICIPATED RESULTS

8.1 Photometric performance

Figure 8 shows the anticipated photometric performance of the TESS cameras. The noise sources in this model
are photon-counting noise from the star and the background (zodiacal light and faint unresolved stars), dark
current (negligible), readout noise, and a term representing additional systematic errors that cannot be corrected
by detrending. The most important systematic error is expected to be due to random pointing variations
(“spacecraft jitter”). Because of the non-uniform quantum e�ciency of the CCD pixels, motion of the star image
on the CCD will introduce changes in the measured brightness, as the weighting of the image PSF changes, and
as parts of the image PSF enter and exit the summed array of pixels.
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TESS (2018-2022+): >90% of sky

PLATO (2026-2030+): ~25% of sky

Thousands of “candidates” of transiting planets will be discovered.



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



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 imagingPicture on 2015 March 3



Optical Design

Narita et al. (2015)



From MuSCAT to MuSCAT2

• Enric Palle at IAC (Spain) offered a
possibility to install a new instrument on
TCS 1.52m telescope in Teide observatory, 
Tenerife, Canaries in 2015

• Weather success ratio of 70% at the Teide
observatory (cf. 30% at Okayama)
– Also plenty of unoccupied nights

• Research budget was provided by
Astrobiology Center, Japan since 2016



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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Mechanical and Optical Designs of MuSCAT2



From MuSCAT2 to MuSCAT3
• We got a research funding for MuSCAT3 in late-June 2018

– Grant-in-Aid for Scientific Research on Innovative Areas: 
research area A03 (PI: Masahiro Ikoma, co-I: Norio Narita)

– Additional funding provided by Astrobiology Center, JSPS 
KAKENHI, and JST PRESTO (PI: Norio Narita)



We searched for a host 1-2m class telescope in the US 
to establish the global multi-color network

MuSCAT2
Teide, Tenerife, Spain
Since August 2017

MuSCAT
Okayama, Japan
Since December 2014



FTN 2m telescope@Haleakala, Maui

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)



Current Status and Plan of MuSCAT3
• An MoU between Astrobiology Center and Las Cumbres

Observatory was signed by both directors
• Mechanical design is now fixed (below)
• We plan to install MuSCAT3 to the FTN 2m telescope in May 2020 



MuSCAT1 on
OAO 1.88m tel. 

MuSCAT2 on
TCS  1.52m tel.

MuSCAT3 on
FTN 2m tel.

Primary mirror 1.88m 1.52m 2.0m

Location 34� 34’ 37” N
133� 35’ 38” E
372m

28� 18’ 02” N
16� 30’ 39” W
2387m

20� 42’ 27” N
156� 15’ 22” W
3055m

FoV 6.1’ x 6.1’
(with 1k CCD)

7.4’ x 7.4’
(with 1k CCD)

9.1’ x 9.1’
(with 2k CCD)

Clear sky ratio ~30% ~70% ~70%

Pixel scale 0.36“ / pix 0.45” / pix 0.27” / pix

Readout time 0.58 sec 0.58 sec 2.3 sec

# of nights/yr 100-150 ~300 TBD

# of channels 3 (g, r, z) 4 (g, r, i, z) 4 (g, r, i, z)
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Possible Future: Night always falls on MuSCATs? 
• We are interested in the idea proposed by LCO

– to develop MuSCAT4 to FTS 2m (Australia)

– to develop MuSCAT5,6… to LCO 1m telescopes

• We are seeking for additional budget



How MuSCATs can support the ARIEL mission

1. Improving transit ephemerides of ARIEL targets to 
optimize ARIEL observations

2. Supporting pre-selection of ARIEL targets 

3. Monitoring stellar variability and optical transits covering
ARIEL observations



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



Demonstration of Precision: MuSCAT2
Case for WASP-12 (G star, V=11.6) : Narita et al. (2019)



Improvement of the transit ephemeris of K2-3d

depth ~ 0.06%

This is especially important for TESS planets
for future JWST/ARIEL observations

Fukui et al. (2016b)

High precision multi-color transit photometry gives
better transit ephemerides and parameters



Japanese Contribution to ARIEL (ARIEL-JP)

A number of Japanese researchers are interested in contributing 
to the ARIEL mission in both aspects of hardware and science

• Masahiro Ikoma (UTokyo) & his previous/current students
• Keigo Enya, Go Murakami (JAXA)
• Shingo Kameda (Rikkyo)
• Norio Narita (ABC), Akihiko Fukui (UTokyo) & MuSCAT team



Summary
• We have developed MuSCAT1/2/3 for global multi-color 

transit photometry network 
– MuSCAT4 and more may be available by the ARIEL era

• ARIEL-JP hope to contribute to the ARIEL mission from 
Japan 

• As one of possible contributions from ARIEL-JP, we 
would like to support the ARIEL mission using MuSCATs


