
2023.03 ֤



ἥК

NGC1300 NGC1312

Milky Way 

Ҍ ̆ Ҭ˻





Rose 1845 Easton 1913

ü 1845 Lord Rose M 51

ü 1852 Alexander

ü 1900 Easton ₮

ü 1927 Oort



ᾣ

ü ȁ ᵣ ̔

(GMC & HI) ̔

OB ̔

̔

̔

̔

ü ˻

̙ orꜚ ̙

≤ ‗ ק◗љט



M 51:ᾩ



M 51:ᾩ

Aalto et. al 1999



M51: & -

2.≤ᶹῐ M51￼ ᶹᶃӵ (ẉ ởῐ)1.≤ᶹῐ M51￼ ᶃӵ (ẉ ởῐ)

Elmegreen, Elmegreen & Seiden 1989, ApJ 



M 81:ᾩ Ҳ



ᵫ



1.ᶿ ᶽ OB-ᶚởῐ￼֫ṵ

Morgan et al. 1952, 1953

2.ᶿ OB-ῐ OB-ῐᵽ
ⱬᴪῐ HII ṵ֫￼ת

Schmidt-Kaler, 1966



Ҳ ┼

ᶢ҈ ḙט ￼ ≤ ѧớ↕ (HI) ￼֫ṵ

Oort et al. 1958 Kerr 1962



₴

Bok 1959

ü ᶏ HIȁ ȁOB ȁ

HII ȁ ̕

ü Bok ҹ Local ѿ Һ

̆ Carina-Cygnus ̕

ü Carina- ׆ Sagittarius-

Ҭ№ ₮ ѿ №̆

ҍ

Cygnus- Ȃ



1.ẉ ᾫῐᵽשּ ￼᾿ ‗

Lynga1982

Janes & Adler 1982

ᾫῐᵽјשּ.3 ᾿

2.ẉ תᾫῐᵽљHIIשּ ￼᾿ ‗

Becker & Fenkart1970

Becker 1963, 1964



HII

ü 200ҩ HII

Ȃ

ü ꜚ ̆

ᾣ Ȃ

ü ̔

Perseusarm̆

Orionarm̆

Sagittarius-Carinaarm,

Norma-Centaurusarm

Courtès 1972



Ņ ‼ ņ

3.5 kpc 

Ý

Orion spur
G75.8+0.4 

~ 5.7 kpc 

Ý Perseusי

Scutum-Crux

Norma

720

Georgelin & Georgelin 

1976

˻̙



GG76 -1

Downes et al. 1980

ü Effelsberg100-m

ԅ l = 0 ï

60 ῤ 70

ҩ̂ ꜚ

̃HII ꜚ

Ȃ

ü ֓ GG76

ԅ Ȃ



GG76 -2

ü Parkes64-m

ԅ HII

ꜚ Ȃ

ü ֓

Downeset al.

(1980) ҉̆

GG76

ԅ Ȃ

Caswell et al. 1987



GG76 -3

Taylor et al. 1993:≠ ℗



ü ᵣ HŬȁH109Ŭȁ

COȁ ̆

ԅ ױ ᵝ ̆

̆ ꜚ ̕

ü GG76

̆

ⱴԅѿṐ̕

ü ̆

ң ץ ̕

ü ҈ ׅ ԍ

Ԉ Ҭ̆ ҹᴨᾢȂ

Russeil 2003

GG76 -4



Churchwell et al. 2009 Steman-Cameron et al. 2010

⅓

2. [NII] ᴩ╦ӿẽᵠṇιώӗ҃ HII ת
￼ ѦḢԅјᵃ￼ּכ ‗ᵙ↔ӌḸ
ẙ￼ή

1. Spitzer ᶾѧ῝ᶚῐᶈ Άᵇ
￼ ᾭ֫ṵ



ü Ҭ ᾣ ̆ ԍ
Ҍԅ ׃ ῒ ᾣᵬ ̆ ⌠῏ԍ

Ȃ

ü ⌠ ׃ № ῒ ̆
ԅ ҍ ̆ᵖ

ԍ Ҍ‰ ̆ᶏ ׅҌ Ȃ



ᶶ ￼ ≤ ᾿ ₩ᶚ ü 2 3 4 5 ̙

ׅҌ

ü

ׅҌ

ü ᵝ ̆ ̆ ̙

ׅҌ

ü

Ҍ ‰

ü ȁ №

Ҍ ‰ ̆Ҍ



­ ꜠

ü

ü ꜚ

ü ꜚ

G9.62+0.20

ꜚ ̆ ̔15 kpc

̔0.5kpc

̔5.7kpc

ü ꜚ

W3OH̔

ꜚ ̔͘4.3kpc

̔͘2.0kpc



OB- vs Ҳ

1ɹ1970 ױֲ̆ ⌠ Ҭ Ԑ Ҍ ̕
ᵬῬ ױֲ⌠ ᾟ№ ̕

2ȁ ̆ ╕ Ȃ

ľⱷ Ŀ



21қ



Ὺ

HI

CO

Giants

ᴜḑ₭Ӌ

Ẉ ᾯ

֪ḑ₭Ӌ



1 10 102 103 104 105 106 107 108 109 1010

pc

є ṭ

ѭẐᾯ

῏җᾯ

῏җᾯ

ӗṰ 0.1 kpc > 10 kpc

Ҏ

Әṱ ᴌῐ



ᶿ

ᾣ ̔
ᶭ

:   1

:   100pc

̔
ҕ (VLBA)

̔8611 km

ѭ╜ ≤ ώӗ҃ᴵ ή

Ẹ҈ᶈᶊרі ῴרі￼ ᴱ ή

~ 30 kpc



VERAVLBA EVN

ü҈

ü + ᵝ

ü ľ Ŀ

ü



ן

̔1.95 ¤ 0.04 kpc     ( ̔10 ̕ ̔2%)

̔0.512 ¤ 0.010 ( ᶭ ңҩ ˻˻˻)

ü ҹ !

ü ‗ԅ῏ԍ י Ԉ ˻

Ḫ♪ ṭ≡ 10Ỉ ẘððᶽӋ≡ ἆῠ֭ᾩҥ אל

1 Ὺ 5

W3OH 



꜠ BeSSeL

ü ꜚԅ

҉ ðBeSSeL̆

ԅ Ȃף

ü 1000ҩ

ü 5000hs

ü & ҈ ꜚ

VLBA

VERA



ŀŀ

Қ

ֲ

 ᶊ

Қ

Xu et al. 2013, ApJ
Xu et al. 2016, Science Advance

1. ≤ ᾿ ‰֝₩ᶚ

Georgelin & Georgelin 1976

( >700 )

2. ┴  ᶊ



ҿ

1. ἄ‛ѭ 2013ẉ 222Ṛ
ᶂᶾᾰḙҺі￼Ҙ♇

2. 2016ẉ 9ῴ ScienceAdvances ӐѭҘ♇
ṪӐᴧ

ü ԋ װ ҿ ϼ

ü ҿ !



ⅎ ᵩ

Y. Sun, Y. Xu, J. Yang,etal. 2015, ApJL

Y. Sun, Y. Su, S. Zhang,etal. 2017, ApJS

Y. Sun,etal. 2023, in prep.



ᵩ ᵩ

HII + № Ԑ HII + № Ԑ+

- HII + № Ԑ+

+O +

(ᶿ

↨ )̔≠

ȁ ᵣȁ

̆

ȁ

ԅ Ȃ

Hou, Han & Shi, 2009, A&A, 499, 473 Hou & Han, 2014,  A&A,  569,  125

Hou & Han, 2014,  A&A,  569,  125 Hou 2021,  FrASS,  8, 193  ( )





VLBI ᵩ

ü VLBA, VERA & EVN

200ҩ

̕

ü ԅ

̕

ü ѿҩ four-

arm ,

┬ ̕

ü ᵝԍ

Ȃ

Reid, Menten, Brunthaleretal. 2019, ApJ



Gaia OB-

Xu, Hou, Bianetal. 2021, A&A 

2. GaiaEDR3: O-B2 ᶚῐ (9750) 3. GaiaEDR3: Oᶚῐ (1089)

üGaia EDR3 OB ̔ ͘5 kpcῤ̆ № ͘7 kpc̕

ü ᵈ⌠ ̆ 2016 ₮ ̕

ü ₮ Ҍ ̕

1. GaiaDR2: O-B2 ᶚῐ

Xu, Bian, Reid etal. 2018, A&A 



Gaia

1.јᵃẉ ᾫῐᵽ￼֫ṵשּ ᾫῐᵽᵻặשּ.2 ẉ Ὴ￼֫ṵ

Hao, Xu, Hou et al. 2021, A&A

¸ꜚ └

¸ ᾛ

ü ̕

ü ῖ ױ Ȃ



GaiaҏӀ

Poggio, Drimmel, Cantat-Gaudin, et al. 2021, A&A


