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銀河系 (観測に基づく想像図)
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銀河系にはいくつ星がある？ 
（どれぐらいの質量？）
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ブラックホールの見つけ方

1. 吸い込まれる 
ガスを見る

2. 相手の星の 
軌道を測る

3. 重力波
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Fig. 1. Observed circular velocities representing the rotation curve of the Galaxy. Open triangles: H I tangent velocity method (Burton & Gordon 1978);
rectangles: CO tangent (Clemens 1989); reverse triangles: H I tangent (Fich et al. 1989); diamonds: CO and H II regions (Fich et al. 1989; Blitz et al.
1982); filled triangles: Demers and Battinelli (2007); circles: H I thickness (Honma and Sofue 1997a, b); big circle at 13.1 kpc: VERA-parallax, proper
motion, and velocity (Honma et al. 2007). All data have been converted to (R0, V0) = (8.0, 200.0 km s!1). The plotted data are in table 1.

1978) in the Galactic Center region and the CO-line tangent
point data inside the solar circle, both compiled and plotted by
Clemens (1985), were corrected for by
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R
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R
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: (3)

Here, ∆R0 = !0.5 kpc is a correction for the solar distance,
∆V0 = !20 km s!1 is a correction for the solar velocity, to
those used in Clemens (1985), Ri and Vi are the radii and rota-
tion velocities read from the literature, and Rc and Vc are the
corrected values.

The H I tangent point data for l = 15ı to 90ı and l = 270ı to
345ı presented by Fich, Blitz, and Stark (1989) were used to re-
calculate the radii and rotation velocities. We also re-calculated
the rotation velocities and galacto-centric distances of the
H II regions with known distances using a catalogue compiled
in Fich, Blitz, and Stark (1989), where we excluded those
at Galactic longitudes of between 170ı and 190ı in order to
avoid larger errors occurring from the 1=sin l effect. Rotation
velocities from the H I-disk thickness method, obtained by
Honma and Sofue (1997a, b), are also plotted for the case of
Vˇ = 200 km s!1. Recent optical measurements of C stars
from Demers and Battinelli (2007) are also plotted, where we
recalculated the values for (R0, V0) = (8.0 kpc, 200.0 km s!1).

Finally, we plotted the latest, most accurate data at R =
13.1 kpc from VERA observations (Honma et al. 2007) by
a big circle.

Figure 1 shows the obtained unified rotation curve of the
Galaxy. The plotted data, given in table 1, are available in
a digitized form from our web site.1

The unified rotation curve clearly shows the three domi-
nant components: the Galactic bulge, the disk, and the outer
flat rotation due to the dark halo. In addition, we recognize
a prominent dip at R " 9 kpc from the flatness. This local
dip can be recognized in each plot of individual observations.
It has been already recognized in the rotation curve obtained
from the H I thickness method (Honma & Sofue 1997a), which
utilizes the entire H I disk. Individual plots for the C-stars and
H II region data also indicate the same dip, as indicated by
different symbols in the figure. Hence, we may consider that
the dip is not due to local deviations of nearby stars from the
circular motion, but it is a large-scale phenomenon existing in
azimuthally averaged data over a large spatial coverage.

Although the 9-kpc dip is found in plots of both C and OB
stars, individually, we may note that the C stars appear to trace
lower velocities. Also, C stars show larger scatter. This fact
might indicate that the C-stars have a higher velocity disper-
sion, and hence a lower circular velocity. However, it is diffi-
cult to evaluate the contribution of the velocity dispersion from
the current data, because the uncertainties in distance measure-
ments are still large. The pressure (velocity dispersion) support
of the Galactic disk, e.g., of C stars, would be an interesting
subject for future observations and reductions.
1 hhttp://www.ioa.s.u-tokyo.ac.jp/˜sofue/mw/rc2009/i.
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銀河系のガスの回転速度

20 kpcぐらいまでほぼ一定
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RC2 have Nilson (1973) classifications. Sources for 
other data and corrections applied are indicated in the 
notes. Differences between the optical and the 21 cm 
velocities are small: (F2i — F0pt) = 5 km s-1. However, 
the mean velocity difference for four galaxies with 
velocities in RC2 is (ours—catalog) = 77 km s"1. Ve- 
locity errors this large still permeate the best available 
catalogs. Columns (9), (10), and (11) give the galaxy 

radius (25 mag arcsec-2; RC2), the radius of the last 
measured velocity, and the ratio cf the two. In the 
mean, our velocities extend over 80% of the galaxy 
radius. Fmax, the peak velocity of the optical rotation 
curve (in the plane of the galaxy), is listed in column 
(13). Data for NGC 4594 obtained by Schweizer (1978) 
with the same CTIO equipment are also included. 

Rotation curves are plotted in Figures 3 and 4. The 
general flatness of the curves, and the pronounced 
increase in Fmax with earlier HT, are notable. A plot 
of Fmax versus HT, Figure 5, shows this tight correla- 
tion. A correlation between Fmax and HT found earlier 
by Brosche (1971) lies about 50kms_1 below that 
indicated in Figure 5, and is defined principally from 
galaxies with types later than Sbc. The correlation 
indicated in Figure 5 may represent an upper envelope 
defined by high-luminosity galaxies. 

Fig. 2.—Rotational velocities in NGC 2998, as a function of 
distance from nucleus. Velocities for strongest emission regions 
are connected with lines. Note fairly good velocity agreement be- 
tween velocities from NE and SW major axes, and positive 
velocity gradient across each arm. 

III. MASSES AND MASS-TO-LIGHT RATIOS 
Masses and mass distributions have been determined 

from the rotation curves by two procedures: (1) disk- 
modeled galaxies, which give lower limits, and (2) 

Fig. 3.—Rotational velocities for seven galaxies, as a function of distance from nucleus. Curves have been smoothed to remove velocity 
undulations across arms and small differences between major-axis velocities on each side of nucleus. Early-type galaxies consistently have 
higher peak velocities than later types. 

Fig. 4.—Rotation curves for two pairs of galaxies, which illustrate the lack of Tully-Fisher relation. NGC 7541 and NGC 801, both 
Sbc-Sc, have Fmax values of 238 and 248 km s-1. However, their luminosities (7.05 ± 0.7 and 23.8 ± 9 X 1010 l0) and ra(lii (23.2 and 
49.1 kpc) differ by factors of 3 and 2. Similarly, the Sc galaxies NGC 2998 and NGC 3672 have Fmax of 211 and 208 km s-1, but luminosi- 
ties 14.9 ± 1.4; 4.45 ± 0.4 X 1010 lq and radii 34.0 and 17.6 kpc. 
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他の銀河でも同じRubin+78



一定の回転速度は何を意味するか？



余談



重力レンズ効果

(C) NASA/ESA



銀河団による重力レンズ効果

重力源の質量 > 見えている銀河の質量



h0ps://www.nasa.gov/image-feature/goddard/2022/nasa-s-webb-delivers-deepest-infrared-image-of-universe-yet



まとめ

• 銀河系

• 星の分布：直径 約30 kpc

• 星の質量は約1011 Msun

• 星の質量 > ガスの質量

• 中心には超巨大ブラックホール

• 銀河系の外側

• ガスの回転速度は外側も一定

• 星だけではその速度を保てない => ダークマターの存在

• ダークマターの質量 > 星の質量


