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Astrometry Satellites

v/ LaRFE HATRE
1989~1993 2013~2021~ e
Hipparcos Gaia : @ _
| Magnitude limit 12 mag 20 maq | = ==
Completeness 7.3 -9.0 mag 20 mag S—
Bright limit 0 mag 6 mag
Number of objects 120,000 26 millionto V =15

250 millionto V =18
1000 millionto V =20

Effective distance 1 kpc 50 kpc

Quasars 1 (3C 273) 500,000

Galaxies None 1.000,000
Accuracy 1 milliarcsec 7 parcsec atV =10

10 — 25 parcsec atV = 15
300 parcsec at VvV = 20

Photometry 2-colour (B and V) Low-res. spectrato V = 20
Radial velocity None 15kms” toV =17
Observing Pre-selected Complete and unbiased

DR3 (2022 June)
1.46 billion stars
G<21 mag

https://www.cosmos.esa.int/web/gaia/dr3




o |
J . [ 1000 miltion objectsf
‘measured tol =20 |

>20 globular clusters Horizon for proper motions
Many thousands of Cepheids and RR Lyrae accurate to 1 km/s

Dark matter in cisc measured
from distances/motions of K giants
Mass of galaxyfrom 30 open clusters : |
rotation curve at 15 kpe Sun within 500 pc

\

ll*" : : . L "" -/}.- - ' - "

Horizon for detection of _ e
\ Jupiter mass.planets’ (200 pc) \ /
e L
Dynamics of disc
spiral arms, and bulge

Proper motions in LMC/SMC _
individually to 2-3 km/s ; Horizon for distances
b accurate to 10 per cent ~.

General relativistic light-bending determined to 1 part in 10° 1 microz 300 km/s at z=0.03
_ (direct connection to inertial)

Gaia: 10uas = 10% error @distance 10kpc, 10uas/yr = 1km/s @20kpc
Hipparcos: 1mas = 10% error @distance 100pc, 1mas/yr = 5km/s @ 1kpc



Photometric Systems

TABLE 1 Wavelengths (A) and widths (;\) of broad-band systems

M. Bessel 2005 ARAA, 43, 293

UBVRI Washington SDSS Hipparcos WFPC2
Aeff AA Aeff A Aeff A Aeff AA Aeff A

U 3663 650 C 3982 1070 u' 3596 570 Hp 5170 2300 FE336 3448 340
B 4361 890 M 5075 970 g 4639 1280 Br 4217 670 F439 4300 720
V. 5448 840 T, 6389 770 r 6122 1150 Vy 5272 1000 F555 5323 1550
R 6407 1580 T, 8051 1420 ¢ 7439 1230 F675 6667 1230
[ 7980 1540 7 8896 1070 F814 7872 1460

TABLE 3 Wavelengths (A) and widths (A) of intermediate-band systems

Stromgren DDO Geneva Vilnius Walraven
Aeff A Aeff AN Aeff A\ Aeff A Aeff A
u 3520 314 35 3460 383 U 3438 170 U 3450 400 W 3255 143
v 4100 170 38 3815 330 B 4248 283 P 3740 260 U 3633 239
b 4688 185 41 4166 83 Bl 4022 171 X 4050 220 L 3838 227
v 5480 226 42 4257 73 B2 4480 164 Y 4660 260 B 4325 449
B 4890 150 45 4517 76 V. 5508 298 Z 5160 210 V5467 719
Bn 4860 30 48 4886 186 VI 5408 202 V5440 260
51 5132 162 G 5814 206 S 6560 200
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The coloured lines in the figure show the revised passbands for G, Ggp and Ggrp (green: G; blue:
0.001 Gpp; red: Grp), defining the Gaia DR2 photometric system. The thin, grey lines show the
nominal, pre-launch passbands published in Jordi et al. 2010, used for Gaia DR1.

Ggp - Grp

Gaia HRD of sources with low extinction (E(B - V) < 0.015 mag) satisfying the filters described in Sect. 2.1
(4,276,690 stars). The colour scale represents the square root of the density of stars. Approximate temperature
and luminosity equivalents for main-sequence stars are provided at the top and right axis, respectively, to guide
the eye.
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KBBDX,Y, Z (X+Y+Z=1)

Asplund et al. 2009, ARAA
Table 4: The mass fractions of hydrogen (X), helium (Y) and metals (Z) for a

number of widely-used compilations of the solar chemical composition.

Source X Y Z Z|X
Present-day photosphere:

Anders & Grevesse (1989)* 0.7314 0.2485 0.0201 0.0274
Grevesse & Noels (1993)? 0.7336 0.2485 0.0179 0.0244
Grevesse & Sauval (1998) 0.7345 0.2485 0.0169 0.0231
Lodders (2003) 0.7491 0.2377 0.0133 0.0177
Asplund, Grevesse & Sauval (2005) 0.7392 0.2485 0.0122 0.0165
Lodders, Palme & Gail (2009) 0.7390 0.2469 0.0141 0.0191
Present work 0.7381 0.2485 0.0134 0.0181
Proto-solar:

Anders & Grevesse (1989) 0.7096 0.2691 0.0213 0.0301
Grevesse & Noels (1993) 0.7112  0.2697 0.0190 0.0268
Grevesse & Sauval (1998) 0.7120 0.2701 0.0180 0.0253
Lodders (2003) 0.7111 0.2741 0.0149 0.0210
Asplund, Grevesse & Sauval (2005) 0.7166 0.2704 0.0130 0.0181
Lodders, Palme & Gail (2009) 0.7112 0.2735 0.0153 0.0215
Present work 0.7154 0.2703 0.0142 0.0199

& The He abundances given in Anders & Grevesse (1989) and Grevesse & Noels
(1993) have here been replaced with the current best estimate from helioseismol-
ogy (Sect. 3.9).
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Gilmore & Reid 1983, MN, 202, 1025
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Fig. 12. The complete set of model and observed z-profiles after
rectangle smoothing for NGC 4565, Note that from the third
profiles outward the observed profiles have a linear part that is
fitted in brightness and slope by the model. The shallowing of
the observed profiles at fainter levels is similar to those of Bur-
stein’s “‘thick disks”

van der Kruit and Searle 1981
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Bulge

McAilliam & Rich 1994

FiG. 17.—The hatched area represents & frequency histogram of Rich
(1988 ) solution | [Fe/H], corrected for the regression relation found here.
The solid histogram outling represents the solar neighborhood GE giant
distribution found by McWilliam ( 19907, smoothed by a Gaussian of ¢ =
0,25 dex. Mote that the bulge giants have a similar mean [Fe/H] but a
slightly broader distribution and more very metal-poor stars.
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Light profiles and rotation curves for three spiral galaxies
with extended, symmetrical HI disks. Upper panels: luminosity profiles
from Wevers (1984). Lower panels: HI rotation curves (dots with error
Begeman 1986) and curves representing the circular wvelocity of
stars and gas (solid line). The light contribution has been calculated
from the luminosity profile by assuming that M/L is constant with
radius and has the maximum value allowed by the observed rotation
CUrve.

Sancisi & van Albada 1987, IAU 117
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Determination of the rotation curve
©o Radio intensity

Ro

Galactic Center

&,
Vrad
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Rotation curve of the Milky Way

Sofue et al. 2009, PASJ, 61, 227
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See also, Gunn, Knapp, Tremaine 1979, AJ, 84, 1181;
Fich & Tremaine 1991, ARAA, 29, 409
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Honma et al. 2012, PASJ, 64, 136 VLBI Astrometry
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Fig. 1. Location of 52 maser sources for which accurate astrometric data are available (table 1), superposed on the longitude-velocity diagram of CO
(Dame et al. 2001).

300
250 vy .- gt % { Fig. 6. Rotation curve plot for result 1 (52 sources). Filled circles
o3 ° "' correspond to the observed sources. Values of Ry and ©¢ are
200 'd LI | taken from the relevant results in table 1 (Ry = 827kpc, Q
o, ° !
error bars are not shown because in most cases they are mwsnbl
150 small in this plot (but note that the systemat:c effect is consnderabl
100 i wnth Go = 248kms ! and a power—law index @ = 0.05. Note that
here V; = 5.25kms™! is adopted and hence the lag of SFRs against
50} 1 Galactic rotation is prominent (by ~ 15kms~!), with most of data
points located below the model rotation curve.
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FIGURE 5. — Schematic drawing illusirating isophotes with
al4)/a=+0,1 and a(4)/a = — 0.1,

FIGURE 6. — R-image of NGC 4660, an clliptical galaxy with a
disk-component in the isophotes (a(4)/a ~ +0.03).

Ficure 7. — R-image of NGC 5322, an elliptical galaxy with
box-shaped isophotes (a(4)/a ~ — 0.01).
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Fundamental Plane
3-d space: (0, I, <D,)
logR. = alog oy + blog(l) + constant,

a=~15>b=~—-0.38

log R, (kpe)

2.5

% logo, (km/s)

Fig. 2.18. The fundamental plane of elliptical galaxies in the log Re-log 6p-(Ut)e space (0p is the central
velocity dispersion, and (i) is the mean surface brightness within Re expressed in magnitudes per square
arcsecond). [Plot kindly provided by R. Saglia, based on data published in Saglia et al. (1997) and Wegner
et al. (1999)]
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Scaling relations for spheroidal systems
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Dwarf galaxies
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Milky Way & Galactic satellites
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10000 km/s

5000 km/s

Fic. 1.—{a} Map of the ohserved velocity plotted vs. right ascension in the declination wedge 2675 < & = 3293, The 1061 objects plotted have
my < 155 and V < 15,000 km 571 (k) Same as Fig. la for my = 14.5 and ¥ = 10,000 km 577, The plot contains 182 galaxies. {c) Projected map of the
031 ohjects with my = 15.5, listed by Zwicky e af in the region bounded by B < @ = 17" and 895 = § < 505,



The LCRS North Galactic Cap Region
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