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JASMINE “White Paper”
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authors: D. Kawata, H. Kawahara, N. Gouda et al. (JASMINE team + science community)
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2. Galactic Center Survey (GCS): Galactic Center 3. Exoplanet Survey (EPS)

Archaeology 3.1 Transiting Planet Survey around Late-type
2.1 Kinematics and History of the Nuclear Star Cluster ~ Stars
2.2 SMBH Formation History 3.2 Follow-up Characterization from Space
2.3 The Nuclear Stellar Disk, Inner Bar and young star 3.3 Searching for Young Planets
clusters 3.4 Stellar spin-down relations from young
2.4 Nuclear Stellar Disk: The formation epoch of the cluster observations
Galactic Bar and the Sun’s birth radius 3.5 Photometric Variability of Brown Dwarfs
2.5 Nuclear Stellar Disk: A Link to the high redshift 3.6 NIR Photometry by JASMINE
progenitors 3.7 Exoplanet Microlensing
2.6 Inner disk: spiral arms and Galactoseismology 3.8 Astrometric Planet Survey

4. Mission and Instrument Concept
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5. Other Potential Science Cases XiHEE /&

5.1 Galactic Mid-Plane Survey (GMPS)

5.2 X-ray Binaries

5.3 Complementary Sciences with the GCS data
6. Synergies with the other projects
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Fui%E&ER] (Nuclear Star Cluster; NSC) ~ 5 pc
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3D Structure of the Galactic “Bulge”
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Kinematics of the Galactic Bar: Current Pattern Speed
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Mock Observation : BP/ULS &ENSDDEHEI Ein > 1h
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MW bar formed around ~7 Gyr ago?
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NSD Mira va riab|es W/O kinematiCS NB (Spatial) w/ |z|<1lkpc NSD (Spatial+Kinematics)
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~6 Gyr aged MW inner ring ??

bar endfhiE(CU > & (inner ring) MR X2

MW'’s bar age >~ inner ring age ~ 6 Gyr

[Fe/H]apo (dex) Age,,, (Gyr)
—0.3 —-0.2 —-0.1 0.0 5.0 6.5 7.5

" inner ring

MW'’s inner ring??
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JASMINE “White Paper”

1o be submitted in 2022
authors: D. Kawata, H. Kawahara, N. Gouda et al. (JASMINE team + science community)
RO ESRFE (MLERSCEA]) RONRERT (BREEACER)
2. Galactic Center Survey (GCS): Galactic Center 3. Exoplanet Survey (EPS)
Archaeology 3.1 Transiting Planet Survey around Late-type
2.1 Kinematics and History of the Nuclear Star Cluster ~ Stars
2.2 SMBH Formation History 3.2 Follow-up Characterization from Space
2.3 The Nuclear Stellar Disk, Inner Bar and young 3.3 Searching for Young Planets
star clusters 3.4 Stellar spin-down relations from young
2.4 Nuclear Stellar Disk: The formation epoch of cluster observations
the Galactic Bar and the Sun’s birth radius 3.5 Photometric Variability of Brown Dwarfs
2.5 Nuclear Stellar Disk: A Link to the high redshift 3.6 NIR Photometry by JASMINE
progenitors 3.7 Exoplanet Microlensing
2.6 Inner disk: spiral arms and Galactoseismology 3.8 Astrometric Planet Survey
4. Mission and Instrument Concept
SElIDEZOFEE N s
Ho oA A 5. Other Potential Science Cases

x s 5.1 Galactic Mid-Plane Survey (GMPS)
BB L 5.2 X-ray Binaries
5.3 Complementary Sciences with the GCS data
6. Synergies with the other projects

@

R
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R X —I)LINSSMBHADH A IFE : RSN\ —hUWihE ?

Galactic latitude b (deg)
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IN—TZRAMDCMZDAH R - EEIDEE)

(\a“‘ IN—FERRERIC [F—S [CHADRAVAR SERBER — T+ — RI\w oINS
(e\\«\ HUWHRRA ETERBERN T 1 — RINY D (CKDBCMZIEHBUWELTIRRE, EM/ZEREE
WER/ N—MFIE LI < THERGE(CR<10 pcE THANE S S (e.g. Wada et al. 2009)

time = 0.292 Gyr (id=1169 IN=RF>ZvIL (4145)

L REEST

0.5 O -0.5 0.5 O -0.5
IR1E : ASURAT]— RTSSPIEMEFRD300MeB=DREEETE (077)L1I 256177, ~2 days)
5% : SMBH (sink#iIF) 51&. ASURA+Bridge1— RT<10M BENfFREETE
— CMZ/NSDREIBDOAEBEERAR - WIRODIEEE w/ BEHET (BEX). mEELZ (FX) et al.
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3N—HZRRIC K DAL | 4. JASMINEIC K DA&KELE

1. JASMINE&(F? | 2. 25 ULIEEEDIIR

&

XD)IEmID [JULS] &2
= TE—FwWEJULS (BPX)] + IHidM%/ UL (NSD)]

(+ THHE/ULZ] ) DEEEIE

AW (C\—BDOEE — )\ — R DB WA
IN—FERR (SRR DA B L R T REERAAY ~

IN—FER%IC K BESR VLS R (Baba & Kawata 2020; Baba et al. 2022)
RO : A= — HARA - ZT—/)CR S = %S+« R SRS
RO : )\~ — \—SEEOH S - BRROREL EF AR RIS DIIEHE
KRG : JN—FERL — I\ — 4B OB OMEIEHRE — E—Fw WA ULSHR
(KRG : I\ — RIRABOE - KEROPBEEE))

JN—RZ RN R DHERE

BPX ENSDDEDF i SR
D) —=21aNSDY > TILEUDEs(C [REIBIR] BB — JASMINEDEZE 1S

H AEEBIE (kpc—pc)
JN—TFERRER(C (ZAIED/ T2 L TBPc AT —ILETES S

JASAMINEZ OV bk
2028FF]5 EITEHEZEDOEFHDIRIMRIER S EAIFEEZ (1.0~1.6 um)
Gaia CIFERITE 200/ VL2 saEls (R<~200 pc) DEDMEXRX H4A 0O % NH
IRPOELRE ((UBEXXEH) + RNREFE (S22 v NE)
CE) ReEE(L [JASMINESRAIRFIOEELEZE ] OUA TR ZZE/IMELTWD, KDIEWE AT > X

(CBI L TIXIASMINE White paper (2022FRDIETEFE) #SB LU TIEE0),
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Gaia (RJ#R%) JASMINE (GE7RSHR) ..
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Gaia DR2 (2018)
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JC Work’ng Groups Go g|€ Working Group(CEhNL TEB LA,

AT vl MIT7OERA L. SiiEiR%E |
+-JASMINE Consortium

I'm Feeling Lucky

JASMINE
Sy g BEECHEIFRELDZ L OYA T RCERR A OIED D Consortium
& (WG-A) . RISEBERICEIFTOI =1L —33 > F— IR EEES _—

T D#Em (WG-B). JASMINEDRKRRZ LK (TR T I DIEHD 7T WG

U —F5EE) (WG-C) ZEME LET, .

%ﬁ% NS 1))
e WG-A Data Analysis Mtg "Joiny &Y Uy
o WGA-1: System Architecture JASMINE end-to-end simulation

o WGA-2: Data Analysis and Validation (end-to-end simulation working group)

- Input Catalogue, Image Simulator, Astrometry and Time Series Photometry
o WGA-3: Data Archive

- Including collecting spectroscopic data, Cross-match, Stellar Parameters
e WG-B Science Validation and Preparation
o WGB-1: Galactic Center Archaeology EE;p[FR/(EH=E

- Galaxy formation and evolution, IMBHs, Star-forming regions, Compact objets,
Variable stars, Binaries, Microlensing, Seismology
o WGB-2: Exoplanets X REIXE

- Transit, microlensing, astrometry exoplanet detection + Solar system objects.

e WG-C Outreach

B2 EIFEE. EeUIeAslzxic. -2 HICHmlFT. —473407%. Science Validation DX/ E
DVERR(ICIEND D TIAZEY, 15 LITRIOERDERETH., =1L —23>57—4%, Gaia RREDI TICHFET
D7 —S%E> TRIENRITZ I DANENSDIDT., Z<LDBIXHARKRCETB(EFITI, 7—J—FvUFPDHAIE

(CHZLSNMUTIEWT, G270 MOEMZEBELU T, Frv UTPEKICEITTWEESZWTY, £,
TOXZEEI YV —STVALAEUTITRD TUOEEWECEEWVET,
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Formation/Evolution of Bars: Theory

Q, (kms~'kpe ™)

t-10Gr

t= 1.2 Gyr {= 1.4 Gyr
'%‘ o !

-10

6 -5 o 5 10

(e.q. N body/SPH sim. Baba 2015)

Fujii, JB et al. 2019
(isolated, gas-free N-body discs)

[ Obs.

slow-down
(w/ oscillation) -

see also Weinberg 1985; ]
Debattista & Sellwood 2000

2 4 6 8 10
t (Gyr)

bar instability (e.g. Ostriker & Peeled 1973; Efstathiou et al. 1982)

t-1GGr

l-1SGr

‘IO

=10 _

5 IO -5_ 0 S

IN—RZRK
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ty ((-

Fujii, IJB et al. 2018
20(|solated gas- free N- body dlscs)

o B/D > 0.5
# - B/D < 0.5
| : Q .\d = 0.8M
1o N, =8M
15 | A Q=20
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' .
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| DM at .
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c,d(R) )2
Vc,tot(R) R=2.2Rq4

- BVWVEBEEXRAEEFE/\—AREZTE (e.g. OP73; E82; Fuijii+2018)
- VEIEEYERTH/ 2Bk (e.g. Noguchi 1989)

IN—iE(b

- DMO\SOENEER TIRURE (e.g. W85, DS00, Fuijii+2019)

- buckling NZ E/#RBE XIS TIZAE (e.g. Baba et al. 2021)
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bucklingA&ZE (EEARLZE) J\— D\ ERAIEERE 5 A (C"A\DF B (THRE)

= TARRDKHALZE ([SILWIRSR (EoEAEI(C"IEMIR (CZERZ)
REEZM : 0,/0r<~0.3 — MME (E—FwWEY)

(e.g. Toomre 1966; Sellwood 1996) g S EERaEaa g

Raha, Sellwood et al. (1991), "A dynamical instability of |
bars in disk galaxies", Nature, 352 (6334): 411-412,

CNSEITARTHRIRUDETE (=3FRERIEM) |
HRAHDIZ EbucklinghMEEEZ RN EWDIEREEGH D

(e.g. Berentzen et al. 1998, 2007) Martinez-Valpuesta et al., Ap], 637, 214, (2006)
AR THERERICbuckling(&FEZTLVRLY “Evolution of Stellar Bars in Live Axisymmetric
REDI/ATIEbuckingTE—FYWIEULIZDIIT Halos: Recurrent Buckling and Secular Growth”

([FXNDT(E? ?
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IN—FZRNES RSB 42 BBl RBERAZMIZRICTESZLE

Aul3 Aul7 Aul8

Cosmological simulation “AURIGA” Project
res. m~5x104 Msun, €~400 pc 3 ZETS
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NSD dynamical modeling 1

Sormani et al. (2020), MNRAS, 499,

cylindrical Jeans modelling
- NSDZEE%E a ®(R, z) = a®NsD(R, 2) + BONsC(R, 2)
- EEDBIESAMD vz -n2

NSD ZE S mETIL ()
- model 1: Launhardt et al. (2002)

- model 2: Chatzopoulos et al. (2015)
model 3: Gallego-Cano et al. (2020)

*E%?th BRI —4

- APOGEE DR16 (Ahumada+2020)
- SiO masers (Messineo+2002,2004,2005)

7/

1.0 > 1.0 : 1.0
0.5 /\ 0.5 /\ 0.5 /\
: - 0.0

0.0

a=0.8 a=0.88 a=0.9
191b=0.48 15 1

\

LR
/

0.0 05 1

2

Launhardt et al. (2002)
== Chatzopoulos et al. (2015)
 Gallego-Cano et al. (2020) ||

—02 —-01 00 01 02
R [kpc]

mass enclosed within spherical radius r

=== NSD model 1

== NSD model 2
NSD model 3

=== SgrA*

109 | —= NSC

==+ Galactic Bar

== NSD model 1 4+ NSC + SgrA* + GB

ww NSD model 2 4+ NSC + SgrA* + GB

ww NSD model 3 + NSC + SgrA* + GB

108 | = Launhardt et al. 2002

Mtot = 6.9+/_2 X 108 Msun

5[ 1 ,’, / /// | 1
10°==300 10T 102

r [pc]
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NSD dynamical modeling II

Self-consistent DF Sormani et al. (2022), MNRAS, 512, 1857

- quasi-isothermal DF (Binney 2010; Binney & McMillan 2011)
- 5 params {MNSD/Rdisc/HdisclgnOIRo,r}

3DEHT—4
- KMOS/VLT los (Fritz et al. 2021) + VIRAC p.m. (Smith et al. 2018)

Fiducial model Sormani et al. 2020 Launhardt et al. 2002
12.8
o 0dF - - )
2, 3 £
= M | | o 3
R _0 1_ | | 0.8 é
. : ' : : : ) - ! . 0.4
—0.2 0.0 0.2 —0.2 0.0 0.2 —0.2 0.0 0.2
x [kpc] z [kpc] x [kpc]
103 103
= Fiducial model = Fiducial model
102__ T antinin s, 200 107y T Lot o 2000 Mnsp = 10.5 x 108 Mgyn
10y Rdisc - 88-6 pC
100.
Hdisc = 28.4 pC
10—1.
o Or0= 67.7 km/s
00 . , ‘ 00 _ , , Ror= 3.7 pC
0 100 200 300 400 0 50 100 150 200

R|[pc] z [pc]
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Galactic latitude (deg)

NSD Stellar Pop.

K/M giants spec. w/ VLS/KMOS

Schultheis et al. (2021) A&A, 650, A191

compare with the bulge (APOGEE) and NSC stars
NSD: dynamically cool, metal-rich; formed from the CMZ

10.0 7.5 5.0 2.5 0.0 -2.5 -5.0 -7.5 -10.0
Galactic longitude (deg)

34
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Numer of stars per field
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20

| w— NSD : 2118 stars
w—  Bulge : 448 stars
| we NSC : 648 stars

-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0
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Stellar Pop. in the Galactic Bar

A2A survey: ARGOS survey re-scaled to APOGEE Wylie et al. (2021) ABA, 653, Al43
AstroNN (w/ DNL) distance (for APOGEE) + RC distance (for A2A)

The mean abundance along the major axis of the bar : the stars are more [Fe/H]-poor and
[Mg/Fe]-rich near the Galactic centre than in the outer bulge and the long bar region

0< |Ybar| (kpc) <1 1< IYbarl (kpc) <2 2< |Ybar| (kpc) <6

I

1 i I

N A
0.1

0.0

—-0.1
—0.2
—0.3
—0.4
—0.5

Z (kpc)
[Fe/H] (dex)

0.30
0.25
0.20
0.15
0.10
0.05
0.00
—0.05

Z (kpc)
[Mg/Fe] (dex)

1 1 ! ! | i
5.0 2.5 0.0 —-25 -5.0 5.0 2.5 0.0 -2.5 -5.0 5.0 2.5 0.0 —-25 -5.0

Xpar (kpc) ,Xbar (kp_c) . Xpar (kpc)
bar’s major axis Xpar

1 1 1 : | I 1 I !
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Mira Variables in the Galactic Bar/Bulge

Grady et al. (2020) MNRAS
Gaia DR2 long-period variables x 2MASS
Period-Luminosity & Period-Age relations -> distance & age estimations
w/o kinematic info.
0%/ VL2 aatgdMira(3Gaia TR X TL VALY
older Miras (>~ 10 Gyr) younger Miras (~5-7 Gyr)

300 < P (days) < 400

100 < P (days) < 200 . 200 < P (days) <250 ) 250 < P (days) < 300 100

y || L} r

-15

10
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-5 -10 -5 0 5 10 15
X (kpc)

100

10
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0.1

-15 -10 -5 0 5 10 15
R (kpc)




1. JASMINE& (& ?

Mira Variables in the Galactic NSD

Sanders, Matsunaga, Kawata et al. (2022) in press
multi-epoch NIR photometry in VVV survey

~1800 Miras (O-rich)
Period-age relation

1
T=13Gyr5(1+tanh[

Interstellar Ay, [mag]
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1.5 1.0 0.5 00 05
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330day — P ])
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Mira variable sample
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[ OGLE 2.3<b|<3
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RR Lyrae Variables in the Galactic Bar/Bulge

Galactic latitude (deg)

y [kpe]
Galactic latitude (deg)

y [kpe]

Molnar et al. (2022), MNRAS, 509, 2566

~1.4M variables; (RRab~39,000, RRcd~8,00, Cep~1,400 etc.)

w/ kinematics (VIRAC proper motion)
rotation of RRL pops. w/ ~40 km/s/kpc
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NSDs in external galaxies

Time Inference with VIUSE
in Extragalactic Rings

Gadotti et al. (2019)

https://www.muse-timer.org/

younger, more metal-rich, lower velocity
dispersions than the surrounding bar stars

NGC1433

AJ [arcsec]

TS 3 TS 1
1.87 /12.34 _ -0.29/0.28} . ) ~0.00/0.18
30 20 10 0 -10-20-30 30 20 10 O -10-20-30 30 20 10 O -10-20-30
Aa [arcsec] Aa [arcsec] Aa [arcsec]
Image Credit : Credit: ESA/Hubble & NASA, Bittner et al. (2020); Gadotti et al. (2020)
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