2020/11/12 #RIFF WS 2020

KD IERFPIDEN I F1EIE &
iSRS

o TR
1. (FUHIIC —
2. GaiapER: ”qU|ck” EUEN The Gaia’s SKy (esaoeac)
3. BIABHEEDEN HE : - .The “Simulated” Milky Way
» . (Baba, Saitoh et al. 2017, ‘MNRAS, 464, 246)

4; BRIBEDEN N F

5. JASMINESTEIDHIE

.

%iﬁ

(EZEE JASMINETOS T M)

1




Review Papers

Dynamics/Formation/Evolution of the Milky Way
e Bland-Hawthorn & Gerhard, 2016, ARA&A, 54, 529
- RD)IIRAHEE(CR T EIEN/RL E1—, 212U, GaiallBIDfER.
e Barbuy, Chiappini & Gerhard, 2018, ARA&A, 56, 223
- )L DAEESHHFEEICEAT DL Ed1—, IBEDKRED XA (CKDERZED,
e Helmi, 2020, ARA&A, 58, 205
- J\O— (streams/substructures) (CE9 3L E1—. Gaia DR2ICKDERZST.

Galactic Dynamics (Bars/Spirals; in general)

e Sellwood & Wilkinson, 1993, RPPh, 56, 173
- I\—DEHZECEATBILEa1—. PYOHUVLAKRER

e Dobbs & Baba, 2014, PASA, 31, 35
- IEFOBEETE(CED ERBOBIHF(CREIT DL Ea1—

FHE
e Binney & Tremaine, “Galactic Dynamics”, 2007
o TEEAET], “RINZEHZF", 2015
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XEZRODERIR “3W1H"

Where : ECTHRAEULTZDH?
e.g. R ~ 3 kpc, 6 kpc?
What : IXICICKDOD>TRBEBLULTESIEOMN?
e.g. bar / spiral / GMC?
When : WDBEIULTEZOMN?
e.qg. 4.6 Ga, 100 Ma?
How : EDOXKDICBENUTEZDOM?
e.g. fast, slow, wander?
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The Galaxy in the Context

Bland-Hawthorn & Gerhard, ARA&A, 54, 529, (2016)
cquia et al. 2015
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2 Ga'ia 0)532% : "qwck" rewew

Astmmetrlc Satelllte “GAIA £
launched ] 9th Dec 20] 3. _ :




Gaia Revolution
— Astrometry (LIEXRXEH) —

main baryonic component = “Stars” ,
\";:' . '

Gaia — 1.3B stars’s 6D phase space .
info. (a,3,,Ha,M5,V:) e e

DR1 (2016/9) [
DR2 (2018/4) < Now, here!
4w ~ 40 uas |2
A4 ~ 60 uas/yr
LOS vel. (RVS)
EDR3 (2020/12/3)
DR3 (2022)
Final (TBD) 0
— global-scale galactic dynamics i
reveal bar / spiral structures
& stellar evolution

Hipparcos sss-152

- ~1mas; 120K

courtésy X. Luri and A. Robin
Rix & Bovy, A&ARy, 21, 61, (2013)
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Galab‘f“étlj L7zXDIII

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

SUOLNE (IR DRR
- EIT7A R 915
- CEFERRE : #9147518 o ESA/Gain

- TOAl 10 Gaia Collaboration, Brown et al., 2018, A&A




Gaia

® Astrometry and spectrophotometry for > 1
billion sources

@® Radial velocities for > 100 million sources

® Survey

» Complete to G = 20.7 (V = 20-22)
» Quasi-regular time-sampling over 5 years
(~ 70 observations)

® Launch December 2013

® 5 years of nominal operations at L2
» mission extended to end 2020 (+1.5 yr)

€ Second data release April 25 2018
€ Photometric alerts started in 2014

€ Alerts on new solar system objects started
end 2016

11

from Anthony Brown’s slide, 2019/03/08
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from Anthony Brown’s slide, 2019/03/08
Gaia extension

® Nominal Gaia mission ends mid-2019 after 5 years of measurements
@® Hardware in good shape, only limiting factor is micro-propulsion fuel
» mission can continue to end-2024 (40.5 yr)

@® Proposal submitted to ESA for 5 year extension
» approved to end 2020, preliminary approval to end 2022, submit proposal for 2023-2024 in 2020

10— S — — —

Parallaxes, photometry, radial
velocities improve by 40% with
respect to DR4

Proper motions improve by factor of
2.8 with respect to DR4

» Improvement of more complex
motions (e.g., planets) up to factors

mas

Of 20 Accuracy of Gaia reference frame -
X vs. time (F. Mignard) i

Accurate tangential motions over
1900 1950 2000 2050 2100 2150
22.6x larger volume year

KITP - 2019.03.0!
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Gaia Data Release Scenario

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

Early DR3 (third quarter of 2020) < $412/3!

- Improved astrometry (positions, parallaxes, proper motions)
- Improved photometry (integrated G, GBP, GRP)
- BOI KRBT —F EVWDS KDL, DR2OEE ZM L EHTZEDR3Z /G

DR3 (first half of 2022) < BRFDRI¥

- 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.

- Non-single stars. BICE ('ﬁ_UE;EBIZ?EI,‘J)3\@E

- 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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from Anthony Brown’s slide, 2019/03/08
Gaia DR4 « &6 &(F Final” &EMEENTWLWEED

@® Final release for the nominal mission

» schedule TBD — 2024tE???
® Foreseen data products

» Full astrometric, photometric, and radial-velocity
catalogues

» All available variable-star and non-single-star
solutions

» Source classifications (probabilities) plus multiple
astrophysical parameters (derived from BP/RP, RVS,
and astrometry) for stars, unresolved binaries,
galaxies, and quasars

» Catalogue of binaries and exo-planets

» All epoch and transit data for all sources, including all
BP/RP/RVS spectra

Overall gain n Erecision for DR3 and DR4: factors 1.2
and 1.7 with respect to DR2

€ proper motions improve by factors 1.9 and 4.5
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quick reviews  gMC-sized gal. merger at >10 Gyr ago (Gaia-Enceladus event)

— thick disk formation ??
thin disk thick disk ~ halo Gaia Collaboration Babusiaux et al.,
R g A&A, 616, A10, (2018)

two pops of halo stars

Gaia G-mag

_— " Gaia BP-RP color _—

0.10

counter-rotating of the 2nd pop.

2.0
0.15
1.5
1.0 g
° 0.20 g
_ 05 :
- | o
;]‘ 0.0
- 0.40
-0.5
-1.0 1.00

1 NGC 0288 3 NGC 1851 5 NGC 2298 7 o Cen 9 NGC 6205 11 NGC 6779 13 NGC 7099
2 NGC 0362 4 NGC 1904 6 NGC 4833 8 NGC 5286 10 NGC 6341 12 NGC 7089

Helmi et al., Nature, 563, 85, (2018)
see also Helmi (2020) ARARA review




quick reviews Gaia Collaboration, Helmi et al., A&A, 616, A12, (2018)
“Gaia Data Release 2: Kinematics of globular clusters and dwarf

® /R 114@ (1{B4HF) galaxies around the Milky Way”
e IKIXRZEME 801 (100054

e NGC5024 Globular cluster
NGC5272 = U
/k‘@““” 8 5es053 | o Dwarf galaxy

Copyright ©2018, Maarten Breddels, Amina Helmi

https://www.astro.rug.nl/~ahelmi/research/dr2-dggc/
16



quick reviews

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

[CIERE V- Visr [km/s]

Ryc-Viot Fidges v.s. local moving groups

Kawata, JB et al. 2018, MNRAS

v resonance features related with bar/spiral ??

(e.g. Asano, Fujii, JB et al. 2020)
v phase wrapping of dynamic spirals ??
(e.g. Hunt, Kawata et al. 2018, 2019)
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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 Dehnen & Schonrich 2018 Phase snail (Phase spiral)
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quick reviews

MACHINE-LEARNING TECHNIQUES REVEAL HUNDREDS
OF OPEN CLUSTERS IN GAIA DATA

>2,000 open clusters:

~1,200 open clusters confirmed by Gaia . . -
°® ° °
. L ;
582 “new" open clusters T B
. . . . . } L . ® ¢
identified via a machine learning method Bl L es e L
) 3 s .._". ° . ®
2 _." e .:.. 1 o LIPS
. e "ooﬁ'.".°~‘o °”
1 * . L %.. .... .. u"
.. ~.. ° ...0.. .....:'
—_ %) ® °® ‘/‘ o.'. E... ° ..
g o . [ ] (1] .
£ o X 0 - WL @ ® ..
"_ 0 S . o ? ® "b : o .‘w. 0.‘
N@ ‘..or 3 > ®g% * ‘.
. ! 'Y . . ed
R NPT P T AL
z L el Savem,, O
. o ,. .%': EN
%o, A ’ “o . ‘e
RGallOI.:(;(pc] 125 15.0 17.5 20.0 _3 ... .’. 1 . .‘.' . - .
Previously known open clusters are shown with red dots (left) or -4 -3 -2 -1 0 1 2 3 4
with the density map in red (right) (Cantat-Gaudin et al. X [kpc]
2018, 2019a and Castro-Ginard et al 2018, 2019). The black dots
represent the newly found open clusters (Castro-Ginard et al. 2020) Castro-Ginard et al.. A&A. 618, A59 (20 18)

Castro-Ginard et al., A&A, 627, A35, (2019)
Castro-Ginard et al., A&A, 635, A45, (2020)

https://www.cosmos.esa.int/web/gaia/iow_20200514



quick reviews

Gaia Collaboration, Eyer et al., A&A, 623, A110, (2019)
“Gaia Data Release 2: Variable stars in the colour-absolute magnitude diagram”
DR3 (2022) THZICHREVDEDENENER N TS BET
(SREDERR-LERBRFREREDET)

—6 a3 oL o = Long Per. Var.
« Cygni
-4 ~ Doradus
-2 © §Scuti
< RR Lyrae (ab)
‘;éo 0 - RR Lyrae (c)
s 2 RV Tauri
3 O Slow Puls. B
g 4 3 Cephei
2 6 SX Phoenicis
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T:: 10 m PV Telescopii
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y V361 Hya
V1093 Her
16 * ZZCeti

-0.5 0 0.5 1.0 15 20 25 3.0 35 40 45 50 55
Median BP — Median RP (mag)

Fig. 3. Known pulsating variable stars retrieved from published catalogues are placed in the observational CaMD, with symbols and colours
representing types as shown in the legend (see Table A.l for the references from the literature per type). All stars satisfy the selection criteria
described in Appendix B. The background points in grey denote a reference subset of objects with a stricter constraint on parallax (@ > 1 mas),
which limits the sample size, extinction, and reddening. The effects of interstellar matter and other phenomena (see text) are not corrected for. The
condition on the relative precision of Ggp measurements introduces artificial cuts in the distributions of low-mass main-sequence stars and red
(super)giants.



quick reviews

Skowron et al., Sci, 365, 478, (2019) Chen et al., NatAs, 3, 320, (2019)
2431 classical Cepheids w/ OGLE 585 + 744 classical Cepheids
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Poggio et al., NatAs, 4, 590, (2020)
12 millions Gaia DR2 giants



quickreviews  The recurrent impact of the Sagittarius dwarf

on the Milky Way star formation history
Ruiz-Lara et al., NatAs, 4, 965, (2020)
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Kawata, JB et al. 2018, MNRAS
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| density wave dynamic arm LE1— Dobbs & Baba (2014)
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"-‘:—~“'-"""-"7}tf"5-':«§'7;‘f-.; w, WEICAB 0 BhE (ﬁﬁ_.);.-;%‘?"f"":‘5»";' CZI0FE< SNDAREIER

ZENOIER(C K D IEME/HET

il 3 BRI/ BEE
E% Et 5 E3) \ ., ] s42— .
Rk L%)J X - (FETRARLIE) L SHNDEIRTERES
W, 1 Ve ' AW, T R |
‘<;i,:g \Y j : ‘/r’:?j } ' Baba et al. (2013); Baba (2015)
¥ 7 S AASY & Grand, Kawata et al. (2012a,b,2015)
X ' 5 \\‘ 5 Kawata et al. (2014)
\ Y w0 UFujii, IB et al. (2011)
\ | \ " Michikoshi & Kokubo (2015,2016)
© Junichi Baba

F  fn:>1Gyr ¢=——p ~100 Myr (recurrent)
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EOEH 1@ 1 PR - FE (+ BFEH)

Lin & Shu (1964,1966) Goldreich & Lynden-Bell (1965) ; Toomre (1981)
Bertin & Lin (1996) Sellwood & Carlberg (1984); Sellwood & Binney (2002)

Shu (2016) etc--
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Dobbs & Baba, 2014, PASA, 31, 35

Publications of the Astronomical Society of Australia (PASA), Vol. 31, 035, 40 pages (2014).
© Astronomical Society of Australia 2014; published by Cambridge University Press.
doi:10.1017/pasa.2014.31

Dawes Review 4: Spiral Structures in Disc Galaxies

7

HFOHEY I 2 L—r 3 VICEDBREEEDERDIRIR

Clare Dobbs!+? and Junichi Baba?

'School of Physics and Astronomy, University of Exeter, Stocker Road, Exeter, EX4 4QL, UK
2Earth-Life Science Institute, Tokyo Institute of Technology 2-12-1-12-44 Qokayama, Meguro, Tokyo 152-8551, Japan
JEmail: dobbs@astro.ex.ac.uk

(RecEIvED September 17, 2013; AccepTeD July 16, 2014)

Abstract

The majority of astrophysics involves the study of spiral galaxies, and stars and planets within them, but how spiral
arms in galaxies form and evolve is still a fundamental problem. Major progress in this field was made primarily in the
1960s, and early 1970s, but since then there has been no comprehensive update on the state of the field. In this review,
we discuss the progress in theory, and in particular numerical calculations, which unlike in the 1960s and 1970s, are now
commonplace, as well as recent observational developments. We set out the current status for different scenarios for spiral
arm formation, the nature of the spiral arms they induce, and the consequences for gas dynamics and star formation in
different types of spiral galaxies. We argue that, with the possible exception of barred galaxies, spiral arms are transient,
recurrent and initiated by swing amplified instabilities in the disc. We suppose that unbarred m = 2 spiral patterns are
induced by tidal interactions, and slowly wind up over time. However the mechanism for generating spiral structure does
not appear to have significant consequences for star formation in galaxies.

Keywords: galaxies: spiral, galaxies: kinematics and dynamics, galaxies: structure, galaxies: star formation
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move across or along arms?
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EA B Sm DELBIBVARSIE ADIREEGEATTD T,
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GaiaT — A (C K DIRIEDHI
Baba et al. 2018, Ap]
Miyachi et al (JB). 2019, Ap]



“Disrupting” Perseus arm?

Baba, Kawata, Matsunaga et al. 2018, ApJ
NIV A R5EELD D BN D DHD 7 —ABLAD

77D T 7+« RO¥EREE w/ Gaia DR1  BWVERNIT (~ 100 Myr) DFFERE
. ; Younger w/ N-body/SPH sim.
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lat Baba 2015
- Spiral arms: Reid et al. 2014 (VLIB asypmetry of HMSFRs) o SimHation (Baba )




The “Stellar” L».o.g_al arm?

Gaia DR2 X 2MASS
4654 old stars with ~1 Gyr _' 2 source/ 2 disk
up to ~1.2 kpc toward the outer Gal. e -
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| ® : VIBI HMSFRs (Xu et al. 2018)
— : Gaseous Local Arm (log-spiral)

Miyauchi, Sakai, Kawata, JB et al. 2020, ApJ [ody] /i
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azimuthal offset star-gas

Baba et al. 2015, PAS]
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x| Gas spiral map: “Fingers-of-God” structures

Baba et al. 2009, ApJ
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N-body/SPH simulation Pseudo-observation of the sim.
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Ro n 85

Efficient Migration of the Sun
via “Dynamic” Spiral + Slowing Bar

KZDACFH#E Rk
— Rpirth <~5 kpc << 8.5 kpc

(see also Wielen et al. 1996)

kpcECLVMZ LTl

DEWNZDM ?

TRBEDRF I BN DB
I\—tEEDHH
J\—1BIEDEIERDiRERDE H

_a. Spiral arms only _
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Baba et al. in prep.
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36 Tsujimoto & JB, 2020, ApJ (arXiv:2010.05962)



Spiral Encounters & Snowball Earth Events

Tsujimoto & JB, 2020, ApJ (arXiv:2010.05962)
~0.7 Ga ~2.2 Ga orbital integrations in dynamically evolving bar/spirals

10
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wata, 2020, MNRAS, 492, 4500

Kawat:z Schonriéh, to be submitted soon




First “direct” measurement of the Galactic Bar
Anders et al., 2019, ARA, 628, A9%4

10.0 10° 10.0 10°
150M stars (RGS)
7.5 7.5
Gaia DR2 + Pan-STARRS1 [ .
+ 2MASS + AIIWISE = 25 = 25
8 . & "
= 00 10° % = 0.0 . 10“?’%
3 3 3 =
> -2.5 N -2.5 ‘
10? 102
-5.0 -5.0
-75 -7.5
10 10!
~10.950-12.5-10.0 -7.5 -5.0 -2.5 0.0 25 5.0 ~10.900 -75 -50 -25 00 25 50 75 100
Xcar [kpc] Year [kpc]
10.0 10.0
10° 10°
75 7.5
3.0 104 3.0 104
S 25 S 25
Q w [
4 ' i 4 k'
= 00 100 & 7 00» 10°
. 3
3 ()
-2.5 N -2.5 |
-5.0 10 -5.0 10
-71.5 -7.5
10! 10!
1095 0-12.5-100 -7.5 -5.0 -2.5 00 25 5.0 1080 25 50 75 100 125 150 17.5 20.0
Xcar  [kpc] Rgar [kpc]

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-FZ4k

- AR E : ~40 km/s/kpc
(Sanders et al. 2019, Bovy et al. 2019;
Asano, Fujii, JB et al. 2020)

- HZRLEFHEA @ ~2—8 Gyr ago ?2?7?
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JN\—FZRD TERIEY ] RERE

JN—FER% : IRPIFEDAZEHREDER I DB HFIRR
e.g. Sellwood & Wilkinson, 1993, RPPh, 56, 173
— BEARN(C(EIXRTOARBENTS5ITD
— )\—DFn = /\—1EE=EKT D2 (e.g. Wozniak 2007)

N-body simulation of bar formation (Baba 2015)

t= 1.2 Gyr
i

1= 1.4 Gyr t=1.GG r

= 1.8 Gyr

J
-10_-5_ 0o 5 10

JN—=HERRT D EERAICE DN DREZERIFI DN ?
ZTOHEFEDLDRBFRRZECEDK DR [[EBRE] ZIKT DH ?
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Galactic latitude b (deg)
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Nishiyama et al. (2013)
see also Launhardt et al. (2002)
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ERAIRDH0MZ/ VLS (thitv<~200 pc)

(1, 0%/ UL = NSD + CMZ) Launhardt et al. (2002)
o +200 pc Rac [pe]

v IRIMREUEI TR R et DoiEE nal, ( ;
Launhardt+2002)
- 1E~200 pcDT 1 A IRDED 73
- EOEEGES (5H; Matsunaga et al. indl. JB, —~ ;’;}.‘,:’/;{'i; """ ;;;;,,;;,;;;'ef;o;;,;,”fg,;s”‘_;
2015; Schonrich+2015) : = :
- EDEHE - BEBREFFAE TS TLVRLY
— BYHEES (EHH) DA (nuclear bar?)
- EXHALEE
VIEK SADDFHRAIREDERIIEE (CMZ;
Morris & Serabyn 1996) \ /
- BB E) — JEFIEE) ? Bit5? (JB+2010; N 4
Suzuki+2015; Kakiuchi+2018) Sy
- ERIRIENIER (CHHEU
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— JASMINE (GEAR5MR) hEE
vEWKEBZE£H (Arches, Quintuplet)

: o AP
05 F /J IRV
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0
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Milky Way simulations

(Baba 2015; Baba et al. 2015, 2016, 2017)

v ASURA (ver. 2) (Saitoh & Makino 2009,2010)

- Self-gravity N-body /SPH
- Baryon Physics (Saitoh+2008; Baba+2017)

- Star Formation
- SNII / HII region

- Radiative Cooling / FUV Heating

v Disk Galaxy Model

- DM halo + classical bulge + stellar disk + ga;ﬁ,[,sk
- spontaneous bar & spiral formation &

v Resolutions

- 10 pc softening
- 5.7million stars + 4.5million SPH

- ' ATERUI-I|
46 265 (CfCA/NAOJ)
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IN—F2RK (t ~ 1.5 Gyr) IBEEDSBPX/VLSH\HHIR
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face-on view
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“bar quenching”

see also
0 0.05 0.1 0.15 O 2 j(‘—gﬁg |As| Spinoso et al. (2017), Khopeskov et al. (2018)

Donohoe-Keyes et al. (2019)
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(see Baba & Kawata 2020a)
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NSDE 1) bar-driven gas inflow
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GALACTICNUCLEUS survey: high-res JHKs imaging

Nogueras-Lara et al. 2020, NatAs, 4, 377

over-plotted on a Spitzer/IRAC 3.6um

photometric distance
remove “foreground” disk stars
w/o kinematics

SFH of the NSD der|ved from stellar models
( N /1. bulk of its stars formed at least 8 Gyr ago.

/2. after a long period of quiescence, a starburst
1.5_8'0? event followed about 1 Gyr ago that formed

—\/ roughly 5% of its mass within ~100 Myr, in what
Sl may arguably have been one of the most

by a recent Sgr dwarf passage (~1 Gyr ago) ? energetic events in the history of the Milky Way.
3. star formation continued subsequently on a
/

0.08-0.15 lower level, creating a few per cent of the stellar
(0_0085 mass in the past ~500 Myr, with an increased
' . 1 1 . rate up to ~30 Myr ago. (see also Matsunaga et

0 0.2 0.4 0.6 0.8 1.0 al. 2009, Nature)
Fraction of SFH

our Galaxy’s bar may not have existed until recently, or that gas transport through the
bar was extremely inefficient during a long stretch of the Milky Way'’s life.

bar formation triggered

0.15-0.5

Theoretical models (Gyr)
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e WG-A Data Analysis (lead by Yoshiyuki Yamada) Mtg % "Joiny 22Uy 7
o WGA-1: System Architecture

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 (lead by Daisuke Kawata)
o WGB-1: Galactic Center Archaeology R0, ZEH=

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

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

e WG-C Outreach (lead by Elizabeth Tasker)
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Summary

* KODJIFEN = KBFXR EEEN(CDRNDHEE— DIk
KE2RDER"3W1H"” (Where, What, When, How)

Dynamic spiral and bar are required to migrate the Sun (Tsujimoto & Baba
2020, Baba et al. in prep.)

* GaialC KDRD)IERIAHFTD=Fh

MW disk is not a smoothly rotating disk, but heavily perturbed!

- e.g. Gaia-Enceludus (Helmi+2018), perturbed disk (Antoja+2018)

- rich velocity ridges (Kawata, JB+2018)

- disrupting Perseus arm? (Baba+2018) — Gaia DR3? (20227?)

- stellar local arm? (Miyachi incl. JB, 2018) — GaiaNIR conceptual mission?

NIR astrometry would be required to answer the origin of the spirals.
* JASMINEGTE = 0%/ VLS EDIRIMRALIE R SCEA

R OEEE = 0%/ UL 5 KD R DRE S 7z % <

E_ANR N~ [)N—HRk] DEFHAZZHR S HMC (Baba & Kawata 2020; Baba+2020b)
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