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5% Gaia to GaiaNIR, and JASMINE

* GaiaNIR will extend global all-sky astrometry into NIR, following Gaia’s

success in the visible, as its successor.

* JASMINE would like to become a pioneer in the NIR astrometry,
and to support to realize such the full-scale NIR astrometry.

 The time interval between Gaia and GaiaNIR, combined with JASMINE, will
enable highly precise proper motion measurements not only for stars in
Galactic disk but also for stars around G.C., including the NSD stars.



J;ﬁ Collaborations in JASMINE
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In the data analysis, JASMINE has been collaborating with Heidelberg University/ARI to
derive astrometric parameters from massive observational datasets containing embedded
systematic errors.

* JASMINE will conduct astrometry through sit-and-stare observations,
unlike Gaia or GaiaNIR performing all-sky surveys.
This is a key challenge not only in instrumentations but also in data analysis.

* Both teams are developing their solvers independently, as shown by
Ohsawa et al. (2024, SPIE) for the JASMINE team, and
Ryabinin et al. (2025, Comp. Science) for the ARI JASMINE Astrometric Solution (AJAS).

Other collaborations or supports are also required: sciences for our Galaxy, observations of
Mira variables and doppler velocities, supports for the data downlinks, etc.



5% JASMINE for young scientists

Short visits to NAOJ by the MWGaiaDN project or others are one opportunity.
But, for further corporations, there are the following opportunities:

e Post-Doc researchers in Japan:
NAQOJ and ISAS accept post-Doc researchers (now, 2 in NAOJ and 3 in ISAS):
e.g. Dr. Ramos is a researcher in NAOJ.

* Graduated students in Japan:
Through the SOKENDAI, NAOJ and ISAS accept graduated students:
e.g. Dr. Giono was a SOKENDAI student.

* Even in Europa,
Prof. Kawata (UCL/MSSL) has heavily contributed to JASMINE, especially in science topics,
and the Heidelberg/ARI team has collaborated in data analysis.
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X JASMINE overview

Infrared (0.9-1.6um) space telescope (aperture size ~36cm)
designed for the following two sciences.

B Launch by Epsilon-S rocket (JAXA) to a sun-synchronized orbit
B Science operation for 3 years in early 2030s

Science Objectives

B SO1: Astrometry in the Galactic nuclear region
smaller than view angle

of the diameter of a hair at
the top of Mt. Fuji from Tokyo.

Annual parallax precisions: 25pas~ 125pas
Proper motion precisions: 25pas/y~125uas/y

B SO2: Transit observations to find Earth-like planets
in habitable zones around mid-M type stars

2025/7/15 MWGaiaDN


プレゼンター
プレゼンテーションのノート
First, let me talk about the mission concept of JASMINE.JASMINE is a scientific satellite that aims to perform high-precision astrometry at infrared wavelengths and in addition JASMINE aims to explore Earth-like planets.JASMINE uses a telescope with extremely stable thermal structure.  The diameter of the primary mirror is about 36cm.The infrared wavelength extends from 1.0 micron to 1.6 micron. The infrared detector that we plan to install on the JASMINE satellite is InGaAs [Indium Gallium Arsenide] detectors. The satellite weight is about 550kg.The JASMINE satellite will be launched by an epsilon [épsəlὰn]-s rocket to be executed by JAXA, Japanese space agency. The launch is scheduled for 2028 and JASMINE will perform scientific operation for 3 years on the sun-synchronized orbit with altitude of about 600km..Outputs to be provided by JASMINE are as follows.JASMINE perform astrometric measurements in the Galactic core, that is, the Galactic nuclear bulge and we will  provide the scientific community with a catalogue of astrometric information.  The precisions of the positions, annual parallaxes and  motions are shown here.In addition, JASMINE will carry out transit observations utilizing [júːṭəlὰɪz] the continuous photometric observations. It is possible to search for Earth-like planets in the habitable zones around mid-M-type stars.


51 Science Goals
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In the mission requirement document,
the science goals for JASMINE mission is stated as:

KA DPMEORDIINRADER EELDIRFT & & B (2,
£ EEFTREBICTFET SHEKICULRAREDERE1T.

In English,
* How did our Milky Way Galaxy form and evolve?

 How frequently Earth-like exoplanets exist in the habitable zone, and
what are their environments like?
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771 Science Objectives

SO1:
Exploration of the structure of the Galactic nuclear region

By measuring stellar distances and motions (astrometry),
to explore the structure of the Galactic nuclear region,
which plays a key role in the formation/evolution of the Galaxy.

S02:
Exploration of Earth-like exoplanets

To clarify the existence of Earth-like exoplanets in habitable
zones that are promising candidates for future life exploration.

2025/7/15 MWGaiaDN 7



S0O1: Astrometry in the Galactic nuclear region
£/ JASMINE explores beyond -Gaia universe

iclear
Disk

JASMINE explores
« Nuclear Region (within ~1kpc from the center) as well as
 Galactic Inner Region (within ~4kpc) along the Galactic plane (bulge, bar, inner disk etc.).

JASMINE will measure ~10% (tens of thousand) stars in these region (r<4kpc) within an error
of 20% in the annual parallax, while Gaia measures none.

2025/7/15 MWGaiaDN 8



s SO1: Astrometry in the Galactic nuclear region
¢ 7 JASMINE explores beyond-Gaia universe
(1) for Nuclear Stellar Disk (NSD) (2) for Nuclear Ellipsoid
Formation timing using Mira variables Dynamical structure:
= to indicate the formation timing of classical bulge or
the bar structure in the Galaxy. “thermally-relaxed state” by BH fall, or

Stellar orbits in NSD other structures?
= to indicate the gravitational potential = to indicate the initial evolution of the Galaxy.

Existence of NSD’s non-axisymmetric
structure (bar in NSD)?

= to suggest the gas-feeding to SMBH
Star-formation history in NSD

Other dynamical structures:
i.e. bulge, bar, (inner) disk etc.

_ Dark matter hidden BN
Other topics X-ray binary hidden clusters
Magnetic structure

2025/7/15 MWGaiaDN 9



Science Investigations:

Output Target:
Suatent-Xeial « Publish the astrometric star catalog in the direction of the
the Galactic Galactic nuclear region.

nuclear Mission Requirements:

SEE e « MR-I: Astrometric observations in the observation area of
-1.4°< 1< +0.7° & —-0.6°< b < +0.6° (blue in the right figure).

« MR-Il: Parallax measurements with the precision of 40 u as*
for > 2,400 stars in the nuclear region.

« MR-I1ll: Proper-motion meas. with the precision of 125 uas/y*
for > 45,000 stars in the nuclear region.

2025/7/15 MWGaiaDN

4 Output Targets and Mission Requirements
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We aim for 25 uas and
25 as/y as the extra-
success.

We also set the threshold
requirement at 60 u as.

“precision"=10
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».#  Comparison with other astrometric
w/ww*‘f GC ObservathnS EAISEE/ 2K Field coverage (All sky =1)

(Gaia: unable to observe the nuclear

V2
32

awawww

e JASMINE
region (only in 5 kpc of the Sun). e GAIA
N AR 1t S S N GAIANIR (2050s)
GaiaNIR: Superior to JASMINE in any e JWST
topics, but hard to be realized by 2050. ~-—- Roman

Fraction of light
reaching the earth
from Galactic center

5= T4RA R D DEDH A
T HIRICELCBIA

JWST: JASMINE is basically superior,

but slightly inferior for GC observations
because of a bit shorter wavelength.

Roman: JASMINE is superior B#HEEBHE

for parallax* and coverage, and P[“as’fy
comparable in proper-motion** prl -
|f eXtra SUccess. preCiSion precision.l 00

*: Roman has plans to aim for 3 u as.
Since only statistical errors are
evaluated, feasibility is unknown
due to systematic errors.

It targets faint stars (=15 mag).
Therefore, it is complementary to
JASMINE, which targets bright stars
(inCIUding Mira_type Sta rS). results of HST. But it is unclear

Ground-based observations are not shown here because of = L whether Roman can be operated in
high precision but very narrow field (e.g. AO etc.) FFREFE [uas] Parallax precision the same way as HST.

or, very wide field but poor precision
2025/7/15 MWG@GaiaDN 11
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S02: Transit observations of mid-M type stars:

78
unexplored parameter space for exoplanets
o
W
» Required first step to the life exploration is -
« Discovery of exoplanets with observable atmospheres
el i dhe el B e in habitable zones around various size of stars
orbit a mid-M type starin ~ 2
weeks.
2 Important to find exoplanets
Host star for spectroscopic observations (second step).
e
O
_ 1. Exoplanets by “direct imaging”
Earth-like exoplades Technology is unproven right now.
- Feasibility study has just begun for NASA's
flagship mission after 2040's.
i Stellar disk { Planet / \
t ; :\ Shadow | :\ J
Oo—* / b *— b )/, O—> “ . . ”
2. Exoplanets by “transit observation
1.01 Current possible technique.
e s M

0.996 |-

0.994
0.992
0.99

Simulated translt observations by JASMINE Therefore, exploration of transit planets is critical

0.988

00 ) % 100 150 to the second step in the life exploration.

Time (minutes)

2025/7/15 MWGaiaDN 12
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Comparison with some other transit
observations for mid M-type stars

Early M-type stars: The depth of transit signal is small (~0.1%). However, since stars are relatively bright, the transit

can be easily d

etected even with TESS (a visible 10cm aperture).

Late M-type stars: Stars are faint, but the depth of transit is large (~1%). Therefore, large aperture ground-based
telescopes have advantage, even if photometric precision is not so high.

Medium M-type stars: Rather small depth of transit (~0.3%) and rather faint stars (especially in the visible).

- A medium aperture telescope with high and stable photometric precision is required. Near-infrared is also preferable.
It’s JASMINE, which observes transits from space.

Stellar mass

NASA flagship
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Science Investigations:

)
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S02 : Output Target:
Earth-like * Perform photometric observations of mid-M-type stars and
exoplanets publish their time-series photometric data.

Mission Requirements:

« MR-IV: Time-series photometric observations
for > 17 mid-M-type stars with detected transit planets,
where the observation duration is > 14 months in total
and an attenuation of < 0.3% can be detected.

2025/7/15 MWG@GaiaDN

‘7}' Output Targets and Mission Requirements
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We aim for 25 uas and
25 as/y as the extra-
success.

We also set the threshold
requirement at 60 u as.

“precision"=10
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Schedule outline

The following shows the current schedule outline.

FY | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031

o Detail Operation
Concept Studies C[;)nc.ept Prtle)llm'lnary Deta.l . Production & Testing :
S S el Data Reduction
MDR | Reviewfor  gpp  PDR | CDR Laynch | endof e
pre-project Revi f regu|ar catalpgue
epvr':',\gctor operation release
J

Note that the Japanese FY starts from April.
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Science Investigations:
4 Success Criteria

T
S
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Parallax: 60puas

Threshold

PM: 125uas/y

Extra

Position: 200uas

to establish the astrometry

by Step-Stare method

Stepl

PM: 450uas/y

1-15yr> |

Step2
Parallax: 250uas

Full
w N\

Step3
Parallax: 40pas
PM: 125uas/y

Parallax: 25pas
PM: 25uas/y

~2yF\

launch~2031 Y _~lyr="" I

SOZ| 0.5% variation

Photometry to detect

Stepl: Photometry to detect

1% depth of transit | | 0.3% depth

Step2: Photometry to detect

Minimum

/

Photometry to detect

2033-2034

|

Full

[

of transit [ |0.1% depth of transit
for 17 mid M-type stars for one of 17 stars
J

Threshold

0.5% depth of transit

for 10 mid M-type stars

Extra




U Concept of Data Analysis
J?ﬁ’
400 Step0: In a half orbit (~50 min),
/pixel take images with ~10s cadence, and cut out target stars JASMINE takes images at
mas/pixe (~12,000 in an image) to 9x11 piX@lS for each on board. 4 pointings to get image
distortions along | or b.
Sﬁ% field 0
~4 mas calculate the intensity center of each star image with the ot
effective PSF method, assuming that PSF is the same for all R
stars.
Step2:

remove the image distortion calculated from the comparison
of near-by images, which assuming the image distortions are

Declination (deg)
I | |

_S,é‘._a'-' .

the same. /
—29.75 (\%b

,6\0

0.04 mas | 3teps: B R —
’ calculate astrometric parameters with reducing the noise at Right Ascension (deg)

=40 pas |1// N by accumulating huge number (N)oif data.

2025/7/15 MWGaiaDN 17
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To achieve high precisions (e.g. 25pas in parallax),

a good instrument are required
as well as appropriate data analysis.

=

To succeed the data analysis, the following
instrument is required :

* Enough pointing stability in each exposure
« High and uniform image quality over wi
field-of-view =» Korsch optics
 High stability of imaging properties (esp.
Image distortion) in time
= Thermally stabilized telescope.

2025/7/15 MWGaiaDN

Required Instrument

Concept of Data Analysis

Step0:
take images with ~10s cadence, and cut out target

/?%12,000 in an image) to 9x11 pixels for each on
oard.

Stepl:
calculate the intensity center of each star image with

the effective PSF method, assuming that PSF is the
same for all stars.

Step2:
remove the image distortion calculated from the

comparison of near-by images, which assuming the
image distortions are the same.

Step3:
calculate astrometric parameters with reducing the

noise at 1/v/ N by accumulating huge number (N)oif
data.

18




Observations

531
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To stabilize the instrument thermally, ... By taking such orbit and altitude concept, it is
hard to observe G.C. in summer and winter.

« Sun-synchronous orbit Therefore, ...

on the day-night line (dawn-dusk orbit)

* Sunlight on the side * SO1in spring & autumn
* Observe in half of the orbit, * SO2 in summer & winter
and avoid Earth in the other half. —

[ Painting direction

Sun shled
Telescope - -
Pointing direction - T
Sun shigld
Autummn
i

A
Winter -ﬂ‘h— Summer The GGalactic
5 Center
1 The sun

Observation \ /

Target \ /

MWGaiaDN 19
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Instrument: Telescope Sub-system

S 2
1)
&

Sl

(Isobe et al. 2024, Proc. SPIE)

For high-performance and high-stability

Sun shield

* Flat wide-field by Korsch Optics

e Small thermal deformation with
CLEARCERAM mirrors and zero-expansion
Invar (IC-LTX) structure

* Keeping in heater-controlled box

Top door

Telescope
hood

Radiator

Detector
Box Unit
(DBU)

- ~Telescope box

LT Korsch Optics
36 cmd
4.37m
0.55° X 0.55°

Reauirement Strehl ratio > 0.9
i @A=1.3 pm

Mission
base plate

2025/7/15 MWGaiaDN
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Structure Thermal, and Optical Performance (STOP) analysis
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To estimate image distortion and its temporal stability, a coupled analysis among structural, thermal,
and optical behavior is required: “STOP analysis”.

* We are performing STOP analysis with the Japanese company and
with the support of ATC Optical Design Team for ...
 Thermal deformation from the assembly to on-orbit conditions, and (Isobe et al. 2024, Proc. SPIE)

* Thermal deformation during an orbit

* Based on this analysis, we will also consider how to confirm high stability before the launch.

Example: thermal deformation from the assembly at
20°C to an on-orbit environment (M1 hottest case)

- 7.705 Thermal Structure
_ m temperature thermal
%_ 6.455 distribution deformation
I=

L 5.205

5

Q

s b

— 3.955 :
g0 Vﬂ'/‘"\‘; Check & Optical
E 24N\ / XN Feed-Back image distortion
g 2.705 ," vQ

v ()

<=

[ [ [N
[E—
N
(O,
(@)}

0.206 o
2025/7/15 o MWGaiaDN 21



,_&4 Instrument: Detector Sub-system
%)

InGaAs hybrid CMOS sensors X 4
Detectors 1952 X 1952 pixels/detector

10 um pitch (~0.5 arcsec)

0.9~1.6 um
12.5 5 (TBD)

To keep the detectors in cold, the detector box unit (DBU)
has double thermal shields (Outer and Inner),

and 2-step detector cooling system without vibration:
* Radiator cools Inner Hood/Box down to 200K.
Peltier devices (TEC) cools Cold Plate & Detectors down to 173K.

The ATC Structure Thermal Design Team is now
performing the conceptual studies of DBU,
and evaluating performances of key components:
* Performance of Peltier devices in cold (200K) environment.
* Thermal conductance of thermal strap system

2025/7/15 MWGaiaDN

detector box unit (DBU)

Optical Filtei~

o iix

Detec )
Cold Pllate,, ”
TEC—§ e

Inner Box I'

Radiator I/F
Outer (B

@NAOIJ/ATC
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InGaAs Imaging Sensors

In 2020, NAOJ/ATC with the Japanese company developed InGaAs infrared

imaging sensors with 1.3kx1.3k format for ground-based observations
(Nakaya et al. 2020).

We started InGaAs sensors for space use with the support of NAOJ/ATC:
* Larger format ¢ 1.3k x 1.3k pixel =2 2k x 2k pixel
* InP-base removal for reducing noise signal of fluorescence by cosmic rays
* Radiation harder on-chip circuit
* Sensor package for space use : 2-side buttable design lead by NAOJ/ATC
The evaluation of sensor performances for JASMINE are underway in
ISAS/JAXA (Miyakawa et al 2024, Proc. SPIE). The radiation test was performed in
June 2025, and the vibration test will be performed in this August.

We will install the following functions in 2025/2026.
* On-chip visible-light rejection
* Global shutter mode, instead of current rolling shutter mode

2025/7/15 MWGaiaDN
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From the 3-year observations, the astrometric

information will be calculated.

. P .
Wy

Feasibility Study of Data Analv5|s

By using the reduces simulation with

we found that the parallax in 40uas

the expected instrumental errors etc,,

and the PM in 125pas are achievable.

2025/7/15

Ohsawa et al. (2024, SPIE)
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Science Collaborations

A
k)

Astrometry

e Gaia: JASMINE would like to make the observations not too late after the Gaia’s final
data release (around 2030).

e Roman: It is desirable to be able to observe at the same time

: Expect to identify
Exoplanet
e JWST and Ariel: JASMINE would like to make the

* Roman: complementary in size and distance from the central star of the exoplanet to
be observed.



Project Organization

—-----------------------s
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Cooperation Agreement

ISAS/JAXA

’---‘
----_,

\-----7-----------<---_,

4 . N
International partners

Data analysis etc. { Gaia team for data analysis }

[ Domestic partners

ESA (NRL) for data downlink

\ )

{ Research Communities, 1

JASMINE Consortium

2025/7/15 MWGaiaDN




%%‘5[_% JASMINE Consortium (since 2019)

& " to share the information to make the generated data useful for many
scientists, and then to achieve the scientific goals.

B Annual Meeting from 2019 m White Paper

« August 18-19 @ Sendai/Japan in this year - Kawata et al. (PASJ, 2024, Vol.76, pp.386-425)
https://doi.org/10.1093/pasj/psae020

« 89 authors, including 31 international authors

JASMINE D & : Publications of the Astronomical Society of Japan, 2024, 76(3), 386-425 <+
E\ ; https://doi.org/10.1093/pasj/psac020 +
consortlllm 4 Advance access publication date: 2024 April 10 nsJ
Nng £\ - 5 J B RO OXFORD

JASMINE: Near-infrared astrometry and time-series
photometry science

Daisuke KawaTa (3,"2* Hajime KAWAHARA,*# Naoteru Goupa,'® Nathan J. SECREST,®

Ryouhei Kano,"® Hirokazu Kataza,'* Naoki I1soBE,® Ryou OHsAwA,! Fumihiko Usul ,*

Yoshiyuki Yamapa,” Alister W. GRAHAM (2,8 Alex R. PETTITT,? Hideki Asapa,' Junichi Baga,'"

Kenji BEKK],'> Bryan N. DoRLAND,® Michiko FuJn (3,* Akihiko Fukui (3,"* Kohei HaTTORI (3,14

Teruyuki HIRANO (,"® Takafumi Kamizuka,'® Shingo KasHiMa,' Norita Kawanaka,"?

Yui KawasHiva,*'® Sergei A. KLIONER,"® Takanori Kobama,?® Naoki KosHimoTo,?'22

Takayuki Kotani,®'® Masayuki KuzuHARA,"® Stephen E. LEVINE,?*?* Steven R. MAJEWSKI,2®

Kento Masupa (9,26 Noriyuki MaTsuNAGa,* Kohei Mivakawa,! Makoko MiYosHI (9,

Kumiko MoRIHANA (3,27 Ryeichi NisHI,2® Yuta NoTsu,2?3° Masashi OmIvA,'® Jason SANDERS (9,3

Ataru TANIKAWA (3,°2 Masahiro TsuJimoTo &, Taihei YaNO," Masataka Aizawa (,%*

—_ . = Ko ARIMATSU (9,3 Michael BIERMANN,% Celine BOEHM,*® Masashi CHIBA,*? Victor P DEBATTISTA (9,38

2024/8@ NAOJ Ortwin GERHARD,*® Masayuki HIRABAvASHI, David HoBBs,*® Bungo IKENOUE,! Hideyuki IzumIuRa,*!
Carme JoRDI,*2**4* Naoki KOHARA," Wolfgang LOFFLER,*® Xavier LURI,*24*4* Ichiro MasE,’

Andrea MiGLIO (9,%5%¢ Kazuhisa MiTsupa,’ Trent NEwswANDER,*” Shogo NisH

Yoshiyuki OBucHI,' Takafumi OoTsuBo,' Masami OucHI,'#°° Ma

Michael PERRYMAN,®! Timo PRUSTL,?? Pau RAMOS (3, Justi

Ralph SCHONRICH (9,2 Mmorn SHIKAUCHI,?>5¢ Rj

1ye/sedpuoo dno olwepese)sdyy wol papeojumoq
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e JASMINE overview (again)

Infrared (1.0-1.6um) space telescope (aperture size ~36cm)
designed for the following two sciences.

B Launch by Epsilon-S rocket (JAXA) to a sun-synchronized orbit
B Science operation for 3 years in early 2030s

Science Objectives

B SO1: Astrometry in the Galactic nuclear region
smaller than view angle

of the diameter of a hair at
the top of Mt. Fuji from Tokyo.

Annual parallax precisions: 25pas~ 125pas
Proper motion precisions: 25pas/y~125uas/y
B SO2: Transit observations to find Earth-like planets
in habitable zones around mid-M type stars


プレゼンター
プレゼンテーションのノート
First, let me talk about the mission concept of JASMINE.JASMINE is a scientific satellite that aims to perform high-precision astrometry at infrared wavelengths and in addition JASMINE aims to explore Earth-like planets.JASMINE uses a telescope with extremely stable thermal structure.  The diameter of the primary mirror is about 36cm.The infrared wavelength extends from 1.0 micron to 1.6 micron. The infrared detector that we plan to install on the JASMINE satellite is InGaAs [Indium Gallium Arsenide] detectors. The satellite weight is about 550kg.The JASMINE satellite will be launched by an epsilon [épsəlὰn]-s rocket to be executed by JAXA, Japanese space agency. The launch is scheduled for 2028 and JASMINE will perform scientific operation for 3 years on the sun-synchronized orbit with altitude of about 600km..Outputs to be provided by JASMINE are as follows.JASMINE perform astrometric measurements in the Galactic core, that is, the Galactic nuclear bulge and we will  provide the scientific community with a catalogue of astrometric information.  The precisions of the positions, annual parallaxes and  motions are shown here.In addition, JASMINE will carry out transit observations utilizing [júːṭəlὰɪz] the continuous photometric observations. It is possible to search for Earth-like planets in the habitable zones around mid-M-type stars.
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