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1. Mission concept of JASMINE

JASMINE: High-precision infrared astrometry satellite mission

Transit observation mission for theexploratlon of Earth-like planets
highly thermal stable telescope 7
Diameter of the primary mirror ~36cm
Infrared sensor (INGaAs): 2k X2k X4
* wavelength1.0-1.6pm
Satellite weight ~600kg (wet)
Launch by epsilon-s rocket (JAXA)

science operation for 3 years (nominal)
Sun-synchronized orbit-altitude ~600km

Chservation
Target




1. Mission concept of JASMINE (continued) %\ﬁj
% Output data to be provided by JASMINE £ _/

Catalog: the annual parallaxes and proper motions of stars derived from the time-series data of the stellar positions on
the celestial sphere observed in the direction of the Galactic nuclear region

-time-series photometry of exoplanet exploration objects
= make the catalog available to researchers around the world. S“rveylare.a amundf
Sprinq and Autumn : 2the Galactic center for astrometry
Astrometric survey in the direction of the Galactic nuclear region (=i (—1.9fee
Stellar images are taken continuously every about 12.5 seconds(exposure time) Galactic fo=t.1deq
Hw-band: 1.0ym~1.6um  *Hw~0.9J+0.1H-0.06(J-H)2 e | s
The magnitude range for the stars to be downloaded to the ground every exposure time=> 0 1 (“'at;ie;;ztj::;)ﬂisk }b_o'ade’g
~10.0 mag< Hw <~14.5mag e | = = b-o0cte
= About 120,000 stars in the high-cadence monitoring area. — B '
Full-frame of 1 field of view is planned to be downloaded every a few dozen monitoringarea |  b=11deg Galactic center
exposure times. Full-frame downloads will become possible more frequently if the amount
of communication data sent to the ground increases with the support of overseas stations. 2 L - 2
Precisions: about 35uas (pasly) Galactic longitude L [deg]

position, parallax: <25uas~125uas ~180pas(pasly)

proper motion: <25pas/y~125pas/y for low-cadence
1~5km/s tangential velocity error at 8kpc

| Exoplanets

Summer and Winter:
Transit observations of mid-M type stars

to find Earth-like planets in the habitable zone
Time-series photometric data with photometric accuracy to detect 0.3% transit depth
for 17 or more target objects (observation period of 2-5 weeks or more for one target)




;ﬂ 2. JASMINE Current status
1SAS/JAXA selected JASMINE as the 3rd Competitive Medium-class science

satellite mission in May 2019

We are promoting JASMINE with the aim of gradually improving the
development stage at JAXA.

JASMINE passed MDR(Mission Definition Review) in July of this year. & Kataza
The launch of JASMINE is scheduled tentatively for 2028

in Space Basic Plan, Cabinet Office, GOJ.

* Some delay in the launch year is anticipated due to external factors such as schedule

adjustment of satellite manufacturing companies.
In MDR, our JASMINE team showed the estimation that the launch will take place in FY2031 or FY2032.

The program for infrared imaging sensor development has been going on well
for completion in FY2024, while concept study for the infrared camera systems
has started in the JASMINE project/NAOJ, the Advanced Technology
Center/NAOJ and ISAS/JAXA, involving industry partner candidates.

Conceptual studies for the mission instruments has been conducted with some
companies in Japan. = Kataza



3. Scientific Objectives

»

|. Astrometry

The target is the Galactic inner region

along the Galactic plane around the center i

Inner region: Inside the radius of~4kpc [
along the Galactic plane from the center

This region is hard for astrometric measurements in
optical bands

1 Nuclear Region

" Nuclear stellar disk

inside the radius of — el cllipeee

< ~1kpc from (classical bulge ?)
the center — Nuclear star cluster

2 bulge/bar +long bar+ inner disk along the Galactic plane
The range of the radius of ~1kpc<r<~4kpc from the center

There are many unknowns in the inner region, ot o
and it is an important region where a lot of . mvaw E
important information is hidden for astronomy and
astrophysics.
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A. Galactic center archeology & Galactic inner structures

¥

(1) Clarification of the Galactic Nuclear Stellar Disk(NSD)

=>» Friske
*orbit structures e £
*the existence of an inner bar structure @

= growth of SMBH and activity
around the Galactic center.

*formation epoch of NSD €& Mira:good tracer = Matsunaga

= formation epoch of the outer long bar

4

Quter bar(~5 kpc)

(2) Clarification of “the Nuclear Ellipsoid”

kinematical relic of infall of
supermassive BHs?

or

TP
-
3

= = Baba &1

relic of the classical bulge!?

(3) Discovery of unknown star clusters in the inner region
by detection of parallel movement of the stellar proper motion

(4) Dynamical structures along the Galactic plane in the region of

cmz

Nuclear Bulge

Hyper velocity star ?
(>~600km/s) 7
\\Gravity scattering by MBH?
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B. Physics hidden in the inner region
Hunt of :

(1)dark matters PM on the inner  €kinematic
> Kohri, Abe  disk/long bar information

(2) Black Holes
* Black Hole-star binaries &orbital analysis of stars

=» Kawanaka, Tanikawa

* Intermediate Massive Black Holes <&gravitational lens effects

(3) Orbital analysis of X-ray binaries & compact objects

(4) Stellar physics, star formation, 3-dimensional
distribution of mter-stellar dust, ma%netic field

tucih, Kawabata, Hor1,

Maruta, Jo, Do1
-> OgaIm

Please refer to JASMINE White Paper

(Kawata, D. et al.,
Publications of the Astronomical Society of Japan, Advance Access Pub Date:

April 2024)

Schive, et al. Nature Physics 2014
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*Cooperation with other observation projects for the Galactic nuclear region

*Photometry+Astrometry: VVV, GALACTICNUCLEUS, Ultimate- > koyama
(for faint stars)  Subaru, ROMAN,JWST, GREX+,GaiaNIR ,...

*Catalogue of Mira variables: PRIME ~ *Techniques: HiZ'GUN%uUmMa

*Spectroscopy: Subgrl{;PlI:S, APOGEE-2,MOONS, Milky Way Wlapper,
*Observations with othér wavelengths: JEDI, ALMA, SKA, ngVLA, ...

Tsuboi

Subaru-PFS (spectral observation) can measure the radial
velocity (+metals) of all stars targeted by JASMINE before
JASMINE's launch. > Nisihyama
The stars targeted by JASMINE can have six-dimensional phase
space information. They will be very unique and valuable
information in the Galactic nuclear reqgion.

Apertgre o . . Number of Observation Wavelength
Telescope/Instrument the primary Field of view . .
. the fibers | wavelength range resolution
mirror [square degrees] /AL
8.2 m 1.25

2,400 0.38-1.26 4300@<1.26pm

Subaru/PFS



Comparison with other astrometric observation projects in
the Galactic Center (no dedicated astrometric projects)

* GaiaNIR is excluded because it will be launched in the 2050s.

* At present, JASMINE boasts the highest
precision in measuring annual parallaxes.

* JASMINE has the unique feature that, although
its limiting magnitude is shallow (note), it is a
project that can achieve astronomical
observations of a wide area of the nuclear region
at a very high position with high precision.

=» Matsunaga

area of observation (logarithmic scale)[square degrees]

—— JASMINE

~

limiting magnitude

precision of proper
motion(logarithmic
scale)
[uas]

Nisihyama

precision of annual parallax (logarithmic scale)[ u as]

Radar Chart of the Galactic nuclear region astrometric observations
based on JASMINE(blue solid line). VVV(orange dash-dotted line).
JWST(green dotted lie). Roman(red dash line). Clockwise from the
top are the area of observation (logarithmic scale), limiting
maghnitude, precision of annual parallax (logarithmic scale), and
precision of proper motion (logarithmic scale). The blue shading
represents JASMINE.



Comparison with other astrometric observation projects in
the Galactic Center (no dedicated astrometric projects)
* GaiaNIR is excluded because it will be launched in the 2050s.

Comparison table of Galactic Center Near Infrared Astronomical Observation Project Nisihyama

pixel
angular

scale
[arcsec]

fie_ld of | observation W precision
[quI Egvre [sa(]}rl?; re . (Eﬂfgjﬂ) p(g par}ll;a)](l)
degree] degree] Hasry WES

angular
resolution filter
[arcsec]

aperture
size

[m]

JASMINE 0.36 0.53 1.06 Ui 0.30 25 125 40(25)-125  40(25)
A 41 0.34 0.75 K 0.9 300 14 670 1100
(VIRAC) . . . ) .
GNS 8.2 0.106 0.2 H 0.016 0.25 21
6.5 0.031 007  F210M  0.003 0.31 20 150
15-25
2.4 0105 0157  F146  0.281 028  23-24 (note1)
(note1)
8.2 ~0.3 H/K 0054 6.0 ~18 300
18 05 147 H 156 176

Note 1: The white paper claims that optimal (high frequency) observations including Sgr A* would enable the
proper motion to be measured at 2.5-3.5 uas/y and the annual parallax to be measured at an accuracy of 3
uas (Terry, et al. 2023). However, this is still a proposal at this stage, and there is no guarantee that optimal
observations will be made. In addition, the calculations only consider statistical errors, and do not take into
account systematic errors. Since Roman's observation proposal does not assume an observation mode suitable
for astrometry, such as HST, it is thought that it may be difficult to achieve such accuracy.



11. Photometry Exoplanets Mid=\Vl type stars

Transit observation of mid M-type stars to exploraticn .
find Earth-like planets in the habitable LS Earth-like planet

Zone

JASMINE will carry out transit observations during the
periods when JASMINE cannot observe toward the
Galactic nuclear region, utilizing the continuous
photometric observations, taking advantage of its
capability of high-precision photometric and highly
frequent observations in the near-infrared region.

Target fixed star: 0.2 Rsol, 3000K, 16-25pc
Target planet: Earth-like planet in habitable zone
Period of revolution: 14 days — 30 days

The depth of the transit: 0.25%

1.01
1.008
1.006 -
1.004
1.002
1k
0.998
0.99 [
09894
0892 |
099
0.988

Observation period: 14 — 35 days/each target
Target : planetary systems whose inner planets and/or gas
planets are found by TESS/RV survey (>17 objects)

11



for explorations of this type of exo-planets.

Around early M-type stars, the depth (rate of dimming)
of the transit signal (the characteristic light curve of a
star due to transit) is smaller, but they are relatively
bright and therefore easy to discover with a 10 cm
aperture TESS.

Conversely, around late M-type stars, the stars are
fainter, but the transit signal is deeper, so although the
photometric accuracy is lower, they are advantageous
for large-aperture ground-based telescopes.

On the other hand,

the mid-M type stars in this intermediate region require
medium-diameter observations from space, and JASMINE is

well suited to this.

*JASMINE has 20 times light-gathering power than that of TESS
*JASMINE has good enough photometric sensitivity to detect the transit

Stellar mass 4

JASMINE has an advantage over other missions ™

O

0.1Msun

3

depth of the earth-like planets around mid-M type stars. The ground-based

observations cannot provide this photometric sensitivity.

Solar system
TESS

e @9+ TOI-700

JASMINE #

® o0 00 o TI‘GPpiST-[

ground +
Spitzer

stellar radius (Rg)

0.01 AU 0.1 AU 1AU

Distance from a star (log)

—— JASMINE
-=-- TESS

=

o
i

I

1

T EES— 1.0

014" ) 0.1
10 8 6
magnitude

transit depth (%)
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Relationship between JASMINE and other projects, division of roles and age

=7y MEH (RAIRE)

TRAPPIST-1
22—y ME# (REIRE)
Kepler TESS PLATO
(0.4-0.9um) (0.6-1um) (0.5-1um
JHZRERR \\u HZZE
Spitzer CHEOPS JASMINE
(3.6-8um) (0.4-1um) (1.1-1.6um)
Fok - BeEAMA Al - KISRE ﬁﬁ?-¢%m@%
ARRE K EIEE J’Cﬁ?@ﬁ.
Hubble Space Telescope JWST Halcf;::able \iVorIds
(93) (93) servatory
(93)
ARIEL
(433¢)
2010 2020 IR 2030 2040
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% Science objectives in the exoplanets 5 Hirano, Kasagi, Tada, Kodama

(1) Follow-up observations of transiting and microlensing
planet candidates discovered by other observations

(2) Exploration of young planets in star cluster regions

(3) Luminosity variation of brown dwarfs

(4) Fluctuations of rotation speed of stars in clusters

(5) Exploration of supergiant-neutron star binaries and
Be X-ray binaries by continuous photometry

©Astrometric exoplanets exploration

14



4. Mission instruments = Kataza and poster presentations
Optical design: Modified Korsch System with 3mirrors and

two folding flats to fit the focal length
Aperture size: 0.36m T~278K
Focal length: 4.37m
Field of view: 0.55°X 0.55°

Detector: 4 X domestic CMOS sensors

InGaAs (2k x 2k) B
Hw-band:1.0~1.6um An example of schematic view

operating temperature: <~ 173K Preliminary optical design ~ of the payload layout
622622150 I (Kawata et al.2024)

§9 2200001 Sl
@

Telescope system inside

Telescope structure with little thermal / the telescope panels \

structure time-variation
T~278+5K § 2 CTE: 0 =1x108K-1

CLEARCERAM®
-Z EX

iy

|
.

Telescope panel ‘

Mission

o bas-erframe
CTE: | fress 125
0 +x5%x108 K1 \ %x

Mission support
structure

Satellite
Bus

T~

low-temperature (low-T)
zero-expansion invar alloy 15




% Overview and progress of infrared camera development

Imaging

e detector: InGaAs (1952x1952 pixels) x4
e wavelength: 1.0~ 1.6um

* field of view: ~ 0.55 degreex0.55 degree
e pixel: ~0.5 arcseconds

e exposure time: ~ 12.5 seconds

* read time: ~ 1 second

The infrared detector that we plan to install
on the JASMINE satellite is a domestic
InGaAs detector. Our institute, NAOJ, has
developed InGaAs CMOS infrared detectors
suitable for ground-based astronomy. JAXA
started developing this domestic detector to
use in space, in collaboration with NAOJ, and
various Japanese companies.

Quantum efficiency

After

7

Before

G12242-2159

| 1 1 1

B 22K00001
-

0.5 I I ‘ I 1.0 I I 1.5
Wavelength [um]

Cooling
e operating temperature: <~ 173K

e cooling method : heat sink + Peltier ( TEC)

Progress:

Small format (128 X 128) sensor prototyped in

2021,and large format(2k X 2k) sensor in FY2022

= In-house tests for the cooling performance

evaluation were prepared and the tests were

conducted.

Confirmed that the InP substrate was removed

and the anti-reflection coating was uniformly

applied.

= Reduction of noise caused by cosmic rays and
improvement of sensitivity (quantum

efficiency) are expected.
SO

16



5. Outline and progress of usage and operation concept

OOrbit e
-Sun-synchronous polar orbit, altitude ~600 km T
-Scientific operation (nominal) ~ 3 years }W@ Galactic
- Orbit insertion by Epsilon-S rocket rg 7 i ?eugcljr?r Galactic
pYS £, | |
= rogion

The Galactic
Center

OOperation sequence
e Spring/Autumn: Astrometric measurements of the Galactic nuclear
region
Summer/Winter: Transit observations of mid M-type stars

¥

OExamination of ground system for realization of observation

*Progress with the cooperation of the Scientific Satellite Operation and Data
Utilization Unit (C-SODA) of the Institute of Space and Astronautical Science.
In addition to JAXA, we are considering using the ground stations of overseas
organizations and private companies.

O Data catalog creation and preparation for publication

With the cooperation of the Astronomical Data Center (ADC) of NAOJ, the ADC plans to open an
observation data catalog. We have started discussions with the ADC and hold regular meetings.
In order to meet the needs of the researcher community as much as possible, the transparency and
reliability of the data will be improved, and the data will be divided into several stages by performance
level and prepared so that it can be used effectively in a timely manner. =» Discussion in JC

The aim is to publish the data as quickly as possible. "



6_ DataﬂOW Of JASM I N E miSSion = Ohsawa the data of 9 x 9 pixels around the target

stars

“The point and stare” strategy: The whole survey region will be mapped to In addition, downlink of one full-frame

observe all the stars in this region for a similar number of times for three years ~ sometimes(TBD) ﬁun\‘-
and detect each star at the different positions within the detector, to randomize Cutoutlmages dDV

the noise and reduce systematic biases. “

Background subtraction Build ePSF

PSF Analysis

e : Star image extraction Centroid
At each pointing of a smgle field of view of 0.55¢x 0. 55, estimates
. JASMINE takes 12.5 sec exposure around 46 times ~4 mas
Galactic Center N
o Ty Measured Positions
trometric i
" ?SES Plate Analysis //- 0 et psr

Astrometry Parameter ifri—-*- Wi | Sl DO
(0,0,1, g, M5)~25 pas — ’/_ i ‘ e e e e i(rirrllztgrir;ngrizll

PSF+ intra-pixel

+ . Light curves flat pattern)..
Es’tlmated Cataln_q +.J_r 2 L (Anderson & King, 2000)
= }

k) The ePSF can be
' ¥ + W/\ estimated from a
""" B i = o collection of stellar

...... Distortion correction, usinlg stars’in the ovelrlapped images
frames and Gaia references. Thermal structure stability!




o-End simulation (

Datgnﬁow oFJASMINE S|mulat|on

MockCatalog =2 Ramos

id | o 6 e ps to

Imagesim

Observation Schedule

id|a 5 ©

By using an appropriate
reference star catalog, image

distortion analysis could be ASU'DTT\EU'KAI’B[}}‘SIS

performed self-consistently.
The time series transition of
the estimated coordinates
reproduced the proper

motion and annual paralla '
of the celestial bogy/x' -+

Estimated Catalog . |

D\t oftst 29 13011 g st
!

P ———
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Declination (deg)

Simulated Imaaes

Plate Analysis

nn
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Right Ascension (deg)

implementation examples
= Ohsawa

stellarimages

.

estimated ePSF
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% Launch of the Astrometry Science Core Team

member: BIL (F—LK:BEHEHEFK) . AHUCL), #2KEX).
JIIR@EBILK) . &R, X5 . HEHNAOJ)
observer: AR (fRICH B EICIECTIBEE)

OScientific review and strengthening/expansion of scientific outputs by JASMINE
OStrengthening collaboration with other observation projects ( * )

OConsideration and preparation of science data validation methods
* Advance validation of the science case<==mock catalogue
* After analyzing the actual data, prepare and consider how to verify that the
data performance is as required.

ONurturing young people and expanding the community

( * ) Photometry+Astrometry: Ultimate-Subaru, ROMAN, JWST, GREX+, VVV. GN,...
Catalogue of Mira variables: PRIME, Techniques: HiZ-GUNDUM
Spectroscopy: Subaru-PFS, MOONS, Milky Way Mapper, ...
Observation at other wavelengths: JEDI, ALMA, SKA, ng VLA... 21



*JASMINE Joint Scientific Research Program (NAOJ)
(JASMINE XRIFEFZHMREF(EILXRXR))

* The primary purpose of this program is to promote researchers at Japanese universities
to carry out preparatory research to produce scientific results on the Galactic center
region using JASMINE's astrometric data, which is expected in the future.

* Successful applicant (Pl) is required to lead strong a research project by supervising a

dedicated researcher who will produce journal articles and presentations and organize the
JASMINE Consortium meeting.

*PIl of a selected research project will be supported for three consecutive years with
the following grant:

One Project Researcher (postdoc) + Research Grant 1,000,000 yen / year

The JASMINE Project of NAOJ solicited applications for the JASMINE Joint Scientific Research

Program.
Pl: fAsk 82 HRAS JASMINE SRIfREICHFA T SISHEREDOHR
Noriyuki Matsunaga The University of Tokyo Studies on Mira variable stars in the JASMINE observation

drea

http://jasmine.nao.ac.jp/grant/JASMINE_grant_approved.htmi )



8. International Collaboration P y

stronomical

O Investigations of scientific outputs to be expected by JASMINE L e
*We published the White Paper in PASJ by international collaboration . & ociewe

OThe ARI (Astronomisches Rechen-Institut) group at the Heidelberg
University in Germany has already started on the collaboration of the data
analysis of JASMINE. We have regular joint meetings. = Wolfgang "
Furthermore, the group at Technische Universitat Dresden is considering _-;:" N ) )./A

the collaboration on the data analysis. il S

OScientific cooperation with other observations for measurements of radial velocities, chemical
compositions and photometry is very strong synergy for studies of the Galactic nuclear region.

e.g. APOGEE2, VVV, GALACTICNUCLEOUS, MWM, MOONS, Roman, JWST, Theia, GaiaNIR,

O Collaboration in the downlink of scientific data

*ESA is now considering the support of ground stations for the down link of scientific data to be
provided by JASMINE. ISAS/JAXA will start to negotiate with ESA.
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Jasmine
Thank you for your support!
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