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2. Gaial® : > =1L —3 3 A aEit The Gaia’s Sky (esaoeac)
3. SEIRBIEEDF RIS A1 L. - . The “Simulated” Milky-Way .
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XEZRODERIR “3W1H"

Where : ECTEEULZDH ?
e.g. R ~ 3 kpc, 6 kpc?
What :TR(CICKDO>TEBELUTSZOM?
e.g. bar / spiral / GMC?
When : WDREILU TCTESZDOM?
e.qg. 4.6 Ga, 100 Ma?
How : EDLDICEBBILTESIZOMN?
e.g. fast, slow, wander?
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Efficient Migration of the Sun
via “Dynamic” Spiral + ”Slowmg" Bar

Baba et al. in prep.  —'; T\
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Spiral Encounters & Snowball Earth Events

Tsujimoto & 1B, 2020, ApJ, 904, 137/
~0.7 Ga ~2.2 Ga orbital integrations in dynamically evolving bar/spirals
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2. Gaia DR : "qmck" review
- ‘ Astmmetrlc Satelllte “GAI A
launched ]9th Dec 20]3 '

__Wﬁﬁllﬁﬂ? ESA




Gaia Revolution
— Astrometry (LIEXRXEH) —

main baryonic component = "Staljs” ,
Gaia — 1.3B stars’s 6D phase spac\e\?" F a
info. (a,0,@,Hq,H5,Vr) Eaw
DR1 (2016/9)
DR2 (2018/4) -
EDR3 (2020/12/3) « Now her
4w ~ 25 pPas
A4 ~ 25 pas/yr
LOS vel. (RVS)

DR3 (2022)
Final (TBD)

75,000 ly

— global-scale galactic dynamics : ”
reveal bar / spiral structures
& stellar evolution

‘ parco (1989~1992)
s ~1 mas; 120K

courtesy X. Luri and A. Robin
Rix & Bovy, A&ARy, 21, 61, (2013)
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Galab‘f“ = UZ"E < "XDII

2018F4H7—4 /3B (Gaia DR2)
H1MBDEDME - FEEBRIE (FFE 0.02 - 2 mas)
G <~ 20%F#K; d <~ 5 kpc

ZEDENE (x#H) OFER
-tEI7A R R1A1E
- & PERREY 1 #1451

© ESA/Gaia
- TOAl 9 Gaia Collaboration, Brown et al., 2018, A&A




kpc-scale velocity fields & rich substructures in the local velocity field
Gaia Collaboration, Katz et al., A&A, 616, Al11, (2018)

i EEZRANT (ABAES)

0.000 0.434 0.869 1.303 1.738 2172 2.607 3.041

=~ | Hipparcos

20

0._

20+

V (kms™)

-40

I e Her ]
-60 5 -

~ Antoja et al. 2008;

-80

-80 -60 -40 -20 0 20 40 60
U (kms™)

175
150

| |
U') 50 125
~ 100
- Sirius "
x 0 50
L
~~ 2
>9' pa Hercules —» Pleiades
Il 100
—
> s Gaia DR2

-150 -100 -50 0 50 100 150 0
10 U (= -Vr) [km/s]

220.8 223.2 225.6 228.0 230.4 232.8 235.2



[CIERE V- Visr [km/s]

Ryc-Viot Fidges v.s. local moving groups

v resonance features related with bar/spiral ?? Kawata, JB et al. 2018, MNRAS
(e.g. Asano, Fujii, JB et al. 2020) see also Asano, Fujii, IJB, 2020, MNRAS

v phase wrapping of dynamic spirals ??
(e.g. Hunt, Kawata et al. 2018, 2019)
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“Trimodal” Hercules stream due to bar resonances
Asano, Fujii, JB et al. 2020, MNRAS

reproduced the “faint” substructures of the Hercules stream.
compare Gaia DR2 with N-body sim. -> Qs ~ 40-45 km/s/kpc

Gaia DR2 N-body sim. (5.1 billion)
Solar Neighbors (d < 200 pc)

Fujii, Bedorf, JB et al. 2019, MNRAS
(GPU Clusters at U. Tsukuba & Leuden U.)
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Galactic rotation from Cepheids with Gaia DR2
and effects of non-axisymmetry

Kawata, Bovy, Matsunaga, JB, 2019, MNRAS

using distance & velocities of 218 Cepheids
MCMC fitting of axisymmetric disk kinematic model (i.e. asymmetric drift eq.)

< v

| local circular velocity:

"« Vc(Rg) = 236+3 km/s

Sun’s peculiar velocity:

| (Us,Ve) = (12.4+0.7,7.7£0.9) km/s

y (kpc)

using mock data of N-body/SPH sim.
(Baba+2018, ATERUI-II)

systematic uncertainty of Vc ~ 6 km/s
due to bar/spiral structures
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Galactic Bar Resonances Inferred from Kinematically Hot Stars
Kawata, JB et al. arXiv:2012.05890
6DABZERIEER (Gaia) + ENG (IRE) —» ED#EEHR (EAED). #EaLigEHk
RN D DIEEARSTRNEDE (F/ \—DHZEMNERN (C XK RIREND CAIRBDSEZEN W)
— J\—DHZFEI\SA—-FHTENT]EE, Quvar ~ 34 or 42 km/s/kpc
N-body/SPH action space (JB & Kawata 2020, ATERUI-II)  Gaia EDR3 action space Resonance trapping
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Gaia Data Release Scenario

see https://www.cosmos.esa.int/web/gaia/release

Early DR3 (third quarter of 2020) < FEgEkR12/3!

- Improved astrometry (positions, parallaxes, proper motions)
- Improved photometry (integrated G, GBP, GRP)
- BT LKIRERBEBAT—F EWVNWD KD (E. DR2ODBEZME L= TZEDR3Z

DR3 (first half of 2022) < REDRIY (1F31%?)

- Object classification and astrophysical parameters, together with BP/RP spectra and/
or RVS spectra they are based on, for spectroscopically and (spectro-)photometrically
well-behaved objects.

- Mean radial velocities for stars with available atmospheric-parameter estimates.

- Variable-star classifications together with the epoch photometry used for the stars.

- Solar-system results with preliminary orbital solutions and individual epoch
observations. . 1 .

_ Non-single stars, | 2270 * (IUERXFHY )EE

- Quasars and Extended Objects results

- An additional data set, called the Gaia Andromeda Photometric Survey (GAPS),
consisting of the photometric time series for *all* sources located in a 5.5 degree
radius field centred on the Andromeda galaxy.
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ARTEIEE| e A FHDEEE (SL>T)

- EABE=EA (B (CRI U EMNBIABIZIEBKR) 29 D &
- ZFEERICKDCBCBICETIAFND

(e.g FEHFMDREIIC~40EE)
- IREDESIRN(~1, 2&) BIAZEREEZEZD L. WEDORBRE
FRIBDIP D NEZTIAFHZ A TET/AL)

(a) mP : 1/4[0)#xR =P : 2[OER
4&&7{» ; =Q: 1/2[E#x =Q : 1[EEx
L ard L
Q Q
®) @)\ \(@
Q

XIB/ROER iR =ZF 0% (RPERQD2EDICIEREHA)

KIRDERA : ~1F

N TE2ENZER] UIGaDiEm
EERIC(EX. BEEHEEHOERORE T, EARNRFIESEE. 2
B« BEIEE R DIRY (Baba et al. 2013) — EhEUBIRBIESIL

see also Michikoshi & Kokubo (2015,2016,2018,2020)
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recurrent spiral” or
(Sellwood & Carlberg 1984) &IFE(FINDZ EMNZULH,
EWVWDKD(E. EOEENDOERIRIAAREDHMBEIRRZRD [FEFRZR

[ENAEIARE ] DB DULNT

o ENINTEE LD DHDEI
"transient,

“transient spiral”
HIRDIESR

¥ NWAmzEALizuneE, BEREOHEBE—

K (BESEX) £LBX.

X Baba et al. 2013TI(& "Non-Steady Spiral” & ULTd&»d
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(@R —) (CAEFE N,
equilibrium spiral) | (= IEERFEIRRR) LIFERZ EICUTE

[ B8y FELEIAEE (dynamic

- 2013FEDEDFERDIBF:8E CHIA UTZHIER
- Dobbs & Baba (2014) review paper C#|/H

o /22U, E(FEI(C TERYEIRBE (dynamic spiral) | EE>TLVD,

X O/ —A (RDF) OERIFHAS
(Youtube)

-

Synchronized “Swarms” of Stars ?

see also Michikoshi & Kokubo (2018,2020)

(Baba et aI. 2013)
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RpMRE®: - vs.,
CfCA XT-4/XC-30
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EOER) B 1B e E - FE (+ migration)

=7 vs, Bif)ER

— 1960 SDiwFE —
» density wave ﬁ » dynamic arm ﬁ LE21— Dobbs & Baba (2014)
BEREETI EEERBET IV
e o BRICAR B2 8 (ﬁfﬁ_:);;::’~i-""=‘""-* B T Z10F < SVDARSIRER
Hﬁ%*%t)J%EE}J *\\\ : H?TI(CHY§/%’§Y§'5L§)J \ %E)J@iﬁk_d:/b_ E[\I]EE/%E}%
b X g (FTERAELEE) L SN2 ERES
1 ’ /' Baba et al. (2013); Baba (2015)
| " Grand, Kawata et al. (2012a,b,2015)
f Kawata et al. (2014)
-~ Fujii, 1B et al. (2011)
" M‘ichikoshi & Kokubo (2015,2016,2018,2020)

© Junichi Baba

: > 1 Gyr <=——p ~100 Myr (recurrent)

A

O

Lin & Shu (1964,1966)
Bertin & Lin (1996)

Shu (2016)

B, P =)

O

B

Goldreich & Lynden-Bell (1965) ; Toomre (1981)
Sellwood & Carlberg (1984); Sellwood & Binney (2002)
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Galactic-scale “colliding” flow

G 081 ¢? 06 5
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Baba S% al.(2016); see'also Wada, JB'& Saitoh (2011)
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Gas flow: move - or along arms?

Baba et al. (2016) XC30+ASURA

log Nu [cm?)

Galactlc shock
(e.g. Fujimoto 1968; Roberts 1969)

\nWﬁaME E

9 6 -3 0 3 6
X [kpc]

(.{&"') i "‘960 E'

MHD/dynamo sim. TERaiZEEDELVVINHTZ SEEL) (SKA)
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How do different spiral models impact the GMC pop.?

Baba et al.(2017); XC30+ASURA
see also Pettitt et al. 2016 (XC30); Pettitt, Dobbs, JB et al. 2020 (XC50);
Y. Fujimoto et al. 2016, 2019 (XC30)
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“Disrupting” Perseus arm? (w/ GaiaDR1)

Baba, Kawata, Matsunaga et al. 2018, ApJ

NIV ZABEERDD
778D T 71 ROYFERE w/ Gaia DR1
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- Spiral arms: Reid et al. 2014 (VLIB astrometry of HMSFRs)
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The “Stellar” Local arm? (w/ GaiaDR2)

N

Gaia DR2 X 2MASS
4654 old stars with ~1 Gyr _» 2 source/ 2 disk
up to ~1.2 kpc toward the outer Gal.

S
L0
™
-

Local arny y
: \ _ - .
.‘ i

Orion “spur”

Density contrast

S

)

| ® : VIBI HMSFRs (Xu et al. 2018)
— : Gaseous Local Arm (log-spiral)

Miyauchi, Sakai, Kawata, JB et al. 2020, ApJ [ody] /i



JASMINE

\tional Astronomical Observatory of Japan
SMINE Project Office

) & Kawata, 2020, MNRAS, 492, 4500
y Ba Kawata & Schonrich, 2020, submitted
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First “direct” measurement of the Galactic Bar
Anders et al., 2019, ARA, 628, A9%4
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Fig. 7. Lefr: StarHorse density maps for the SH_GATAFLAG=="000", SH_OUTFLAG="00000" sample in Galactocentric co-ordinates. Top lefr: XY
map. Top right: YZ map. Bottom left: XZ map. Bottom right: RZ map. These density maps demonstrate that Gaia DR2 already allows to probe
stellar populations in the Galactic bulge and beyond.

https://sci.esa.int/web/gaia/-/61459-gaia-starts-mapping-our-galaxy-s-bar
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Boxy/Peanut/X-AZ4X

- AR E : ~40+5 km/s/kpc
(Sanders et al. 2019, Bovy et al. 2019;

Asano, Fujii, JB et al. 2020;
Kawata, JB et al. arXiv:2012.05890)
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1) Last Major Merger (->
2) Bar Formation (-> XBXR/E0HEIEEN?)
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JN\—FZRD TERIEY ] RERE

JN—FZR : ERBIFREDALZEMIR EDERT DENIFIRR

e.g. Sellwood & Wilkinson, 1993, RPPh, 56, 173
— BEARNC(EIARNTOFiDAEENFTS5I D
— J\—DFin = /\—ZHEk I DE (e.g. Wozniak 2007)
JN—=HERKT D ERACEDNWDREZRITIT DM ?
TOXE(SEDIDRBAE(CEDK DR [ERE] &% T DM ?

N-body/SPH> =1 L —33 5 hNWsZAE
if5545: Baba & Kawata (2020); Baba, Kawata & Schoenrich, submit.

t= 1.6 Gyr

t= 1.4 Gyr t= 1.8 Gyr

-10 =5

-10 -3 0 S 10 -0 -5 o S 10

30 N-body simulation of bar formation (Baba 2015)



R "RET 1 A" (Fula<~200 pc)

WISE 3.4 & 4.6 um (Ness & Lang 2016)

20

Boxy/Peanut®)\L>
(= IN\—KEFZHEHSHIZIBE)

Galactic latitude b (deg)

E<EADDFHRAIREDERIHEE
(CMZ; Morris & Serabyn 1996)

0 The "Brick"  Sgr A*
1.3"Cloud Sgr'B'Z S S Sgr C 24 micron sources

LA o0 AT

Nishiyama et al. (2013) !(deg) — Gaia (BJf#)E) TIE>HREXIRL)

I T T R ‘
see also Launhardt et al. (2002) © 20 40 60 80 100120 — JASMINE (ﬁaﬁ%ﬁ) b‘ig

Number of stars (arcmin?)
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Y [kpe]

Y [kpc]

Z [kpe]

-05 0

IN—FERKL : DARARASRY —)\—R M>BMET 1 AT Bk

“ cae “ . ~1Gyr “ .
J\—HZRkH J\—HZpkFata J\—HZRk5E T
Time = 0.500 Gyr Time = 1.000 Gyr = 2.000 Gyr Time = 4.000 Gyr

10

-5

-10

-1

0.5

-1 0 1
X [kpe]

J\—HZ B B HA HZRA KRS —)\—Z

= %) VLS 2 L B HRA — iz UL (CMZ+NSD) OZ3MkE  JB & Kawata, 2020, MNRAS
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JN—FERK (t ~ 1.5 Gyr) IEEHSBPX)VULSH IR

- J\—FEZR" B4#" (Cbar bucklingZ#E 9 (CBPX/VUL W TEE « L) !

- SRIBEABOMEHIE TH LD D TULYB (e.g. Combes et al. 1990; Quillen 2002; Quillen et al. 2014)
- @&, bar bucklingTBPX/ ULk &/ \—FZEM 5 ~2-3Gyri& (e.g. Debattista et al. 2006)

- SEITIRFT THENIR/H AR TlEbar bucklinghic 5720 (e.g. Berentzen et al. 1998, 2007)

J\—FZR% AT I\—FZRk
t =1.0 Gyr t=1.5Gyr (= ) t =2.5Gyr t=7.0Gyr

AR [Gyr]

ol© 1
_ old stars |
.‘.\.-;" ‘ :’I;I EEER .'.. :'I L N I-l‘l L i | é ]
‘elliptical-shape - = 3 |
W BPX s‘h;\:\pe BPX-shape o new stars |
: 5 : M |
o~ : 2 K o (from gas) ]
2 |
Py 1
g -~ 1
i 2k :_‘ o e LU (IO PITITE TSP AT T |
’ .' - ‘Vﬁﬁﬁj T_"_TVAY_T_V_1 ﬁﬁﬁﬁﬁﬁﬁﬁ Tj
: _{® no bar buckling| |
(@) © 4
Q © j
T Gt R by © |
¢ SFRE, ) 'n, ; SFE’}IE % © |
no
‘ D
= ‘3["'\‘" 'v/'\i £ 35
) :-t 2 ~
o "q.i -f‘ 52 ; ’..._ ."i O
R

""SFU/‘Q : SFU/O

BRI t [Gyr]
JB, Kawata, & Schonrich, 2020b, in prep.
ASURA+ATERUI-II

X [kpe]




SFR [Me/yr]

SFR [Me/yr]

IN—RZRRAR(C )\ — RIS D ER MR (XK T

0.1 0.15 02 /(‘_gﬁrg 1A,

“bar quenching”

see also
Spinoso et al. (2017), Khopeskov et al. (2018)

8 A

1) 0B, (R<1 kpe)

(see Baba & Kawata 2020a)

Donohoe-Keyes et al. (2019)
) \—HZR%

-

JN—REIg D A= MIEET

-

1) FIbRAY—){—=X k

-
1
4
1

— NSDHZRK

= J\—TERHA/ B (CREUIZEN
NSD& 58D
2) J\—mBIDSFSLE
— BPXICHkta_EH D EDiRI
= J\—FZRal(CHEE UTCED
BPX/ULSZ&E&HHSD

frimFfE t [Gyr]

JB, Kawata, & Schonrich, 2020b, in prep.
ASURA+ATERUI-II
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JN—RZpkEn (/) \—sRIETHEE LI EH'BPX/ULS (CBER LS

1.5

0.2 0

BE
7 0

6

EAERFA toiren [Gyr]

T T T

T T T T T T

NSD&E

thiCpElg < 1kpc THEAE
(see Baba & Kawat? 2020a)

‘/(—Hﬁﬁib“%ﬂéﬁﬁiﬁ%ﬂ@”ﬁ@”%’:%l%EZ@“‘

Lasaalasaal

0.2 0 0.5 1

1 1 i i | i I i
| T T T | T T T T

DOTOORRS &
- BRI 2 R pxx
SRR 2
__A-IEW! #7120 o

: J\— TR () \— $EIE TR
INSDE : /\— AR (ARl CHIE |

Time = 7.0 Gyr

77277z NSD R<1.2 kpc, |z]<0.2 kpc .
e BPX|x|<3 kpe, |yl<1.5 kpc, |z|>0.3 kpc .
B2 BAR |x|<3 kpe, |yl<1.5 kpc, |z]<0.2 kpc

f ( §
) et

IR )

Fﬁ'/ )< NSDt (2|:§

MOOOOROPAS
YO

N ECN\—FERMER (CHEE

(see Baba & Kawata 2020a)

Eﬁiﬂyf% Rbirth [ kpc]

F— L M rere NERENE o SRR T SR
02 0 los o o4
E(C/\-FERAICHE B, Kawata, & Schonrich, 2020b, in prep.
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N—FRIC LB HAR - ERREBOZEILT
NSD & BPXDEDERATEH AR

J\—FZBRBSH
—hﬁﬁ_rrfj_ﬁj_!w . .
NSDE 1) bar-driven gas inflow

— nuclear starburst

e

Q NS \ NSD
\\h‘ . o N S . . . e AT .

RN ‘_ ’ Y74 z ” —E Ny
2) bar-driven gas inflow IN—FZR%"HA /& (CREE UTCE
— SF quenching

— BPXICBtR LH S EDiE

Fraction

Baba & Kawata 2020, MNRAS

BRAILEN EOITBEC - -

Ejéd)b‘ ’5(:L&'\. aassmsnEEn II-IIII

i - RESR (A
AIIBR) DU

\ NSDE & BPXEDERNDTH T/\—HRISHE A SHE
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ATERUI-II x ASURA x {iIEXE#HI

Gaia Science: spiral dynamics, bar dynamics
Sim.: IEim R - - —SEEIRICEIE
Baba et al. (2018) — Gaia DR1
Kawata, JB et al. (2019) — Gaia DR2
Kawata, JB et al. (2020) — Gaia EDR3
(Kawata, 1B et al. (2018) — Gaia DR2)
(Miyachi, DK, JB et al. (2019) — Gaia DR2 & VLBI)
JASMINE Science: bar formation
Sim.: IE:E 8|
Baba & Kawata (2020)
Baba, Kawata & Schoenrich, submitted
(Baba et al. in prep. — Solar migration)
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UBEXNXBAUNSS =3 L —23 HRADER

N-body sim.: e.qg. Fujii, JB et al. (2018, 2019); H X2 L
GaiaDABANLZ W | | - ~10BRIFIS AU LDETE
EIREENEE LY — HX/SFADETE
N-body+SPH sim.: e.g. Baba et al. (2017); DM(34+5
I\—DOERENFEL (bar-DMBE/EA) — DMZN-body CEtE
EURIIPRE =N EfEN&
— SF/FB (e.g. Saitoh & Makino 2009). HXPF&E (e.g. JB & Kawata 2020)
U8 & DEERIBHRRIT (L& - EE - Fiin + o3l = Z/RTlFHR)
— {bZ3EA1L, chemical tagging e.g. CELib (Saitoh 2017; Hirai & Saitoh 2017)
EFRICK D CEFIREHERD (Fin-REDEER)
— DFERT—I)IVEEZ DR T D7#%8E (Kumamoto, JB, Saitoh 2017)
N-body(+SPH) sim.®FAVUwY ~ = FEDY—F'Y BRI DIONKE
g S KD A ZIBFE L2V — SRIICEDER (BHE) EFI/)LANEZELWL
— N-body+M2ME (2120 A RWDDOETE(CIEHBERTEIRAL?)
Z#DN-body/SPH sim. WS F B TETILIEE ?
Star-by-Star sim.: e.g. “SIRIUS project” (FF/E. B, =)
RN TOERFMEL — EEDM. EFEERNS T 1 —IL REAZIL
— MEER-FHER/\ATUw RXF— /L ASURA+BIRDGE (Fujii+2021)
Star-by-Star®SF/FBL-> E (e.q. é—légirai+2020)



AP N E : =0 AR EFR DERREAR T

see also L E 1 —i@X Dobbs & Baba, 2014, PASA, 31, 35

© .Junichi Baba

arm type

iR

NG —=2EE

ZF00

|4

HADEE)E
AR ADER

unbarred m=2

multi-armed

)\ —FERKIERT
(Fujii et al.2018)

[| 2F2EDSWA + )\ —EFS)

(e.g. Baba 2015)

B E B R

(e.g. Pettitt et al. 2016)

Qspira| e ConSt.

Qspiral=Q
fOF R>1.5Rbar
(e.g. Baba 2015)

Qspiral<"’Q
(e.g. Dobbs et al. 2010;

Oh et al. 2015, Pettitt et
al. 2016)

~100 Myr
(e.g. Baba 2015)

~1 Gyr
(e.g. Oh et al. 2008;

Struck et al. 2011;
Pettitt et al. 2016)

TEABIRT > 2 v )LDKICERE
(Baba et al. 2016).

TR (SR E L CEE ? ?
(Schwarz 1981)
EIRBED F RIS A U sRn#EEE
i (e.qg. Pettitt+2016).
IEIRBEHERF (CEEE ? ?

EMEEDBEFISWARER

(e.g. Fujii et al. 2011; Baba et

w SN | o). 2013)

flocculent

Qspiral=Q

every radius
(e.g. Baba et al. 2013)

~100 Myr

(e.g. Fujii et al. 2011;
Baba et al. 2013)

EIRBIRT > = v )LDIRICERE
(Dobbs & Bonnell 2008; Wada
et al. 2011). EIRBEHEF CERE
TIE7RUY (Fujii, Baba et al.
2011).

HRADBINENAELE ?
(Mueller & Arnett 1976;
Gerola & Seiden 1978)

Qspiral =Q (?>
39

<30 Myr?
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Galactic latitude b (deg)

-10

-20

N-body + M2M;&

(made-to-measure)

WROHHE (e.g. BEDM. HBEREDM) (CEDLKDIC. N-body
SIMDBERFDEH (BE) ZTiTBER(CIRAL (CHEIT D HE
(Syer & Tremaine 1996; see also de Lorenzi+2007; Hunt & Kawata 2013)

#LRIE (e.g. BRAVA,APOGEE,Gaia)
2obs(l,D)« Vobs(l,b) -+ etc

20

10

30 15 0 345 330
Galactic longitude / (deg)

JN—1BIE (X U TSR EH

(Portail+2015,2017)

— Bz UL (JASMINE)
SRS AAE IS ADER (35

V27 LB

standard N-body

mi(t) = m;op

40

N-body sim. :
zmodel(lrb)\ Vmodel(lrb) - elc

PIEEESES

X2f\/10

N-body + M2M
mi(t) = wi(t) mio

XZNI
BRCHOMNDFEETIL



Machine learning of gaseous I-v features

Baba et al. 2010, PAS]

Q) gAC>=aL—>3>z2J1v b9 N-body/SPH w/ ASURA+XT-4
- 10, REOBRIT —SERDERTID. . . prosrloits
CBRIDIVEE S S 1 L—S 3 S DIVENS) I — R hi(2) BEREGSARPEZ
- EDIEAL—3 3T INBRICASHEHR +] i ;;;,3;\‘*‘}’; 1. :
(2) AR NEFNEHEE U THINS S = Xy 'jfﬁ )
- BB FHIEERE & KERDEROR G FE = % g T
- BT — 5 (CEA U, HRBOER T HEE s 0 A
— DFEDIDYYT (- 3DERMIRLEN YY) {‘ ,-_ I
P i

%< ORBMN-body/SPH sim.>—49 % E

& 8
W o e N 3D7
2 (1) ZHDsim. & s S
:\C/ (/Cg_/nuug&:) ( .) el
@ —o ] Simulated I-v diagram
>\‘ 0 I(D 9 -: ? 3
iy . X
% 88 '_
e Observed |-v diagram (HI/CO) > SEAEFL - By EE/EM_L%:
e.g. Dame et al. 2001 —— —r—r—T—r—T [
FUGIN (2%31L145m) 60 30 0 —30 —60

iR4#E | (deg.) a 41 longitude [deg]



Machine learning of gaseous I-v features (2)

KN FHESFZ T D EREL CIERtZIEE CEBIFERIEEEE)
— EEFIEEEE(IIEFEREN R E(C KD ~kpcD R E=2 4 U BdnlgedE
(BRRIAY FEROIR A RIEZERE D Finge-of-God” & 2B{LLDIR SR Baba+2009)

Y [kpc]

N-body/SPH simulation “Pseudo-observation” of the sim.
To o T T
A EIERESTE »”: :
o ' ~ ; : 2";, oA
0 -
o -
0 2
| £
o £
| "
ln . atiw .. . m 5 : : > ‘\ :~ :
T llllllll 'l T l L ' R B3 ' B W T LB lAl N E =] l W B BE ] ' BB l LB l TP

| l
=19=10 =0 0 O 10 1O -10=10 =0 0 O 10 15

Baba et al. 2009, ApJ
X [kpc] 42 ASURA + XT-4 X [kpe]



F &8 — IERTEHEADIIIEHS

* BIENEE : XOJIGRE = XKEREEEN(CDH S H—]_ DiRinl
KBZRDISIR "3W1H" (Where, What, When, How) = FRAIA8ED [¥)EES] EE
— FAIRBE - BIAEEIR E DI FREN N ZDIBFENABN (CEE
* Gaia+XMIEDHKY—A (CKDKRDIIFRPITRFTDEF
38 (>5 kpc) (CEDEEEIDED6DNAIBZEREEHR = “observed” N-body data!
— ED#BEHETE (e.g. action-angle). FpiEEREDME L. ESEETRMEMIFIR (Z/X7T)
* Powers of ATERUI x ASURA
TVIRBEABE DFT 1R/ S S A LB (#e9BIRBEET)L; Baba+2013) ([CERA
— [TEE - 1] S [FEESE - FEFE] N\ (“1EHR"IRAYIIEF?)
Gaia® "observed” N-bodyDFH| - f#FR(C=mA
JASMINESR A LEBLZDORE = [Fulix/VUL> ] S ROD)IERRIDEE S Z #f#E <
, (= Gaia CEIZ 2 \4E1)
*x =L —>3 RAENDRRG
INTCOEREZEHHU TERRV, EFEKA-HIEfieldZ - EED DT
— SF/FB/AbFE L/ N A [EEZZ R UTCEEDHREE (<1 pc; ~1 Msun) 518
ASURA x BRIDGE; SIRIUS Project (Hirai, Fujii, Saitoh) (CEA{
FHl—AIC2=Zal—>3>xTJda0wv b9 EAHNSEHAHEETILZIEELET D)
— N-body+M2Mi%E
MM FEERECKDIETIVEE (ZHORERS =1L —2 3> hHwiA)
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RN TRBIATR D "B — A

~1960s: JEIRFIESmEZEARA (B. Lindblad, J. Oort) 201 0£EEPEDE 18T
1960s~70s: #RHIEm (EE/&EEEﬁ1964/?&@[@1%/33@5@ 1969) Hydrodynamic simulations

X 70sHATHZ < DEEFHiATT (AR, BT, k- /z k. FO. §AK) Wada & Koda 2004; Wada 2008 (FIH#E—)
1980s : FchFEVIRANASTE (J Se”WOOd) Kim, W-T. & Ostriker 2002,2006,
1990s~2000s : JAIRBEAFT (ERRDFEAZT) DIKIRHR ? Dobbs & Bonnell 2006, 2007, 2008
2010s : MK/ RAASTEICK DB I — A Dobbs & Pringle 2009, 2010

Dobbs et al. 2011a, 2011b, 2012, 2014

1 = R R EVN . 3
HFEE"ZERIER (Lin & Shu 1964) O#5|H% (90744 2020/11/07) Pettitt, Dobbs, JB, et al. 2020

Ref. citations to ref. papers DOl:_)bS & Ba—ba (2014) ...etc
Non ref. citations to ref. papers review paper \ N-body/hydrodynamic simulations
| Galactic shock theory Baba et al. 2009,2010,2013,2015,2016
Fujimoto 1968 (FEAYER) Fujii, JB et al. 2011 (BEHET)
so| PN Global Stability Wada, B et al. 2011
l Iye 1979 (5 EA) Grand et al. 2012a,b,2013,2014
Aoki, Noguchi (BFIESE), Iye 1979 D'Onghia et al. 2013
“ j N-body simulations Kumamoto & Noguchi 2016
/ Sellwood & Carlberg (1984) Sellwood 2010,2011,2012---
10 Sellwood & Carlberg 2014, 2019, 2020
...etc
0 Observational tests
1969 Tweo 1991 T 2002 2013 Baba et al. 2018 (w/ Gaia)

Miyachi, incl. JB 2019 (w/ Gaia)
many papers.

Toomre (1977)’s review paper Bertin & Lin (1996)'s
before I was born text book 45



expected azimuthal offset star-gas
Baba et al. 2015, PAS]

BEEESN | BSRRRETI

4@(R) < R 49p(R) ~ 0
HAFHFELCEUT —c  EDFFRTEHRG

BT e i T N

"RIFER (Carmh S

" 7 (Z(FarmDE(CDTh
AT7tv bUTHf |

2 1 A 3
ks 7’:7ZEL/\ BATEY (< ~kpc)7a
& qoffsetiFHEUESD

x

(o) .-

R[OS DR R [kp]

10

-90 -45 0 45 90 -90 -45 0 45 90

stellar armfuBZ&E%4 & U AAA A9 [°]
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W

NIEXXEAIEE: Hipparcos, Gaia, JASMNE

£81 by NWaARLHATOELRILE.

v/ R HAT
Fa 48 305 i) 1989-1993 2013-2021|— end 2022 (approved)
S5 e FRL5R 12 % 20) % — end 2025 (indicative)
ay7)—b+FFR  7.3-9.0 % ~20 ¥
RAEZ 120,000 10
5L 100 Y E ~ 1 milliarcsec 4 parcsec (V = 10 %)

10-15 parcsec (V = 15 %)
200-300 parcsec (V = 20 3§)

L o E 2L

15kms™! (V < 16-17 %)
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quick reviews

A dynamically young and perturbed Milky Way disk

Kawata, JB et al. 2018, MNRAS Antoja et al., Nature, 561, 360, (2018)
see also Schonrich &Dehnen 2018; Fricke & Schonrich 2019 Phase snail (Phase spiral)

20 ina? “ki ic” ing?
wavy. |ncrreasmg. Iklnerpatlc Wartplng ! B BDEDESCIE —L > NUES OB

T : : : : — $RAIFRE (FEhEAE (A LRlD) ([R5 ?
v . 1 : : c r T W 250
= 1 : o FEE Il P
E vz = O ' ‘A‘“ ' "‘.; r— 3 e <4
X et e b anhs 7 L s 1230
[T 4 - 4 .-"T"ﬁn." 8o sm ~~ TN : .
y B ] .# ] AA o - —
N at Lapl” : Yo = A | F220 7,
> 2 AF : s, < 210 £
I#-I ' 1 [ o ‘;
Al - . : R N N
Tt : : >
; l(la .7 ;4 l ‘l) IOl lll 112

fRiard,OBERE R [kpc]

RS (I & (<~ 0.5-1 Gyr).
Sgr. Dwarfifadir suEE DRZE N ? (e.g. Laporte et al. 2018)
BIREE (\—) Dbucking:EsHOHERFN ? (Khoperskov et al. 2018)

— #REZF (Galactic Seismology)



quick reviews

MACHINE-LEARNING TECHNIQUES REVEAL HUNDREDS

OF OPEN CLUSTERS IN GAIA DATA
>2,000 open clusters:
~1,200 open clusters confirmed by Gaia
582 “new" open clusters identified via a machine learning method

Previously known open clusters are shown with red dots (left) or ! o T o . nd
with the density map in red (right) (Cantat-Gaudin et al. ’," ¢ . .
2018, 2019a and Castro-Ginard et al 2018, 2019). The black dots " . . oy
represent the newly found open clusters (Castro-Ginard et al. 2020) o K ‘% ’.. ...° .
3 .’ & '..?.! .o 0. 2. .
z ' —% ’ 3"
- * ‘ ! . .:0 ‘ * Y ‘.
2 o e« o " Tepe .:" Pk A .’ *
2% ®ge !
1 . [ ] %o .. . ....:0‘
1 g °l o A Ty ®
Iv) 3 < [ *a e o ‘g
£ . < - . o | . :' » ""‘ .;;.
- >~ . . ({ a°h .w .. °
N . 3 Y [N c-“"
1 L ‘s .® ° * W, & ‘e ‘o0
. .‘ e L ." g. . )
2 . o..o .’. ®ee @ :. ..’.: -‘“ L ..'.'
RIS i LS
3o 2.5 5.0 7.5 10.0 125 15.0 175 20.0 L '.. .{o. e, ¢ ’ “. *-%e
Rgal [kpc] -3 ) .ﬂ. . ] .‘O .'. . *
JASMINETOS I NTOMRE : | U TS U IR (A T N —
BENDIED ((FAED) ZERTOOS AU THEET. X Tkpc]
KD EFEINIENSFB U ERBHFERTE (T
— GRAPETCEMMIES =3 L —>3> (2019FEEm) 49 Castro-Ginard et al., A&A, 618, A59, (2018)
— ERBEDZEETHI SRS Y TS B GEITH) Castro-Ginard et al., A&A, 627, A35, (2019)
- AEZEEM (XB%R%E) DOREEREDOMBZIH ? ? Castro-Ginard et al., A&A, 635, A45, (2020)

https://www.cosmos.esa.int/web/gaia/iow 20200514

— FRAFOREIENGISHTESM ? ?
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Gaia (RIfRY) .. JASMINE (37

- KIREEE o .
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AR AIE R EAEHE [JASMNE]

PI: HHIEME (EiIRXKXT)
HAIREOFEESTE & HAYIDALIE X ERAGEE
BIE
v FEZEMECKXEEEZEZ23]5 LT C3FEMOEH (2020F&FFT5 £IT)
v IMMEBEERTEN (1.1 - 1.7umOiERIMEEE Hw/(> K TBD)
- Gaia (ESA) H' ARSI ERIREDa L VERinI P, Uk O ERPIF AS &Rl (C 241
v SRR EGER (BRI 0/ VL) DEFX TO25uEBE CTHIE
- FFHZE<25uas & EBEH)<25uas/yr for Hw < 12.5 mag
912,000 & do>5/VUL=2 7,0001& (5,000 in Region-1, 3,000 in Region-2)
- EBEH<125pas/yr for 12.5< Hw <15 mag.
#986,000 & >5/)VL=E 67,0001@ (45,000 in Region-1, 26,000 in Region-2)
- ZENDRGT —FZEKR UEDMERE ZR L
—HT 320[EDiEzx16%EE, 1> —X>90HMETH 46 H
v BAERZMAERHNYOT EUTLEL —HRAE (20304ELR) < 1084
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