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The Mllky Way
*The op’rlcal sky stars, gas & dusT
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~ The Milky Way
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‘Milky Way Stellar Populations
| ‘*Popula‘rlon I - Stars in halo (most old) |
: .._*Poplula‘ruon IT - Stars in disk (many young)
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The Mllky Way

*The radlo br'oadband sky war‘m gas o




| The Mllky Way _
*The IR sky warm gas & glowmg dus’r

Zodiacal Light

/ Orion Nebula

Large Magellanic Cloud
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B e MilkyWay. o

‘ %’Thé X"”GY SkY HOT gas & black holes i

Red = low eNeLg
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The Mllky Way

*The y-ray sky Extreme energy even’rs
@ Stars colludmg fallmg m’ro black holes, explodmg
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Con’ren’rs of the Milky Way |

*S’rar's ~ lOO bllllon 500 b|ll|on

: _* Nebulae
% Clouds of gas and dust

% Emission Nebulae (eg, Lagoon, Tr'lfld Eagle Omon)
) ‘Heated, glowmg gas,
). RED due to Balmer o

| G) Reflection Nebulae (eg. Tmfld)

) Dust & cool gas
- Blue for same reason sky is blue

| (% Dark Nebulae (eg Horsehead, Coalsack)
) Dust & cold gas
) Black because it blocks I|ghT fr'om nebulae & s’rar's beyond

' (% Stellan Remnants |
: D) Plane’rary Nebulae and Super'nova Remnants



Phot

Way

“bas clouds




Bright Nebulae

(%) M8: Lagoon Nebula

@ M20: Trifid. Nebula :

& M16:
® M17:
@ M24 Sag S’rar Cloud

Eagle Nebula

@ M7 P’rolemys Clus’rer
- Mentioned in 138 BCE
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Lagoon Nebuvl.a i | LagOO“& Tr'lfld
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Lo DarkiNebulae

ok Hor.séhéa:d & Barnard's Nebula - !
- % Dust & cool gas blocking background light

Photo by Marc Staves 2011 ° [ & o W S E R (% AL S



fOr.on Nebulae .. 1300 ly away

_\‘*‘oz; Omoms Alm’rak

Hor'sehead Nebula
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Reﬂec’rlon Nebula e

» FlameNebula

Runnmg .Mdn Nebula .
~ Light blocked by cool'gas & dus‘r



- Reflection Nebulae
~ % Dust reflec’rmg light from Srpg
@_Blue due ’ro no’r sca’r_’rer‘mg red light

| ' Anglo-Australian Dbs Roval O Eanbingh.

Nebulosity and the Pleiades
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Star Clus’rers

S Open (Galactic Clus’rer's)

% Mostly blue stars = young popula’rlon

(% Stars born in “litters” from cloud complexes
D Open clusters become less dense in.time.

% 10's to 1000's of stars

b il ;'i'?a' w i
R e Pleiades.
NGC1647 375 ly.away.

| ' IOO My old
| aTaum Aldebaran ‘; - e

A Hyades

g - 151 ly: away
L e 660 My’ old-.
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Star Clus’rers
| Globular' Clusters
o ® Mostly red stars = old popula‘rlon
® Spherical orbits about MW cen’rer

% Thousands to mnlluons of s‘rars
122 200 ly away ' 2 '

il 2
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Globular Star Clusters
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Globular Clus’rers
* M15 in Pegasus o
' @ Stars fallmg m’ro a black hole')

32,000 ly away

- Globular Cluster M15 HST - WFPC2 .

Photo by Marc s PRCO5:06 - ST Scl OPO - November 1995 - P. Guhathakurta (UC Santa Cruz), NASA



 Age of the Milky Way
% Oldest stars in N6C 6397 ~ 134+ 0.8 by - -
(% But the galaxy s older than the stars!

- Berillium Age

% “Be only made in supernovae
D presence of “Be in stars indicates >2" generation
* ) amount of “Be in stars determines generation - -

) amount of “Be in oldest stars 9IV€S age of galaxy
- when stars were formed

@ Oldest stars in NGC 6797 i
) fopgized 200 300 million years after 1st stars

: *To’ral age of MW = 136 08 by



‘The Milky Way -~ -~ e

| Galactic
Globular clus‘rers [\ center

- sun's position & motion . : \ .,
o e i . | ; D A ?un
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30 kpc

Galactic year ~ 225 .
3 mllllon years (Sol is 22) .

Seml o e | - Sol crosses galactic _-
| ~ plane every 33 Myr



The Milky Way

Cold
hydrogen
“spin flip"
) TI"GHSITIOH Parallel spins: higher-energy configuration
gives 2l-cm ’

S = Photon,

£r i) ||ne : wavelength = 21 cm ;
" '(r'adlo band) '

i . /‘: |

Opposite spins: lower-energy configuration

Photo by Marc Staves‘2011 o



The Milky Way

- Different
spiral arms
give
different
red and blue
- shifts of
- 21-cm line .




&_: 'ﬁ""*‘""" “+ _Orion Arm

The
Milky
Way

Photo by Marc Staves 2011



"The Milky Way

it __:_%5,- Young O, B stars ASplr‘Gl |
L
Dust Lang -~ - . r'mS Cll;e
| High-density &g« Emission active!
gas and dust 5 Debula
behind arm - .
_Older
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., Galactic Spiral arm
Cr————— disk |
__. Spiral arm
rotatign e
Disk/gas

motion



Rotational Velocity of MW
_ % Stars not on “Keplerian” orbits '
% Kepler determined solar system orbits

7’3( Indicates 90|GCTIC mass in halo ..

% Glowing matter does not supply enough mass!

(% Dark Matter (what?) musT be Ther'e
))MACHOs9 WIMPs9 i

| Wadishgdinedraeriagithadsi Raariicl2s

_ Sun _——

Kepleran
motion



http://wwwmacho.anu.edu.au/
http://zebu.uoregon.edu/~soper/Mass/WIMPS.html

Ro‘ra’rlonal Velocity of MW
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L Ohserved =

- Sun’s velocity is -

200 = % about 220 krn/sec —

— - .. Differenceis contributed .

% - H“nﬁh by the dark matter halo, .
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= N Sun’s velocity should ¥ -

S - be only 160 kmfsec e -
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Figures from [ - : ]
R L A 7 - Stars outside core rotate too -
Astronofny s0 |- fast for the observed mass of =
Notes af : the galaxy! -
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Distance from Center (kpc)

The grawity of the visible matter in the Galaxy is not enough to explain the high orbital

speeds of stars in the Galaxy. For example, the Sun is moving sbout 60 kmf'sec too fast,
The part of therotadon curve contributed by the wisible marter only is the bottom curve.
The discrepancy berween the two curves is evidence for a dark matter halo.

0


http://www.astronomynotes.com/
http://www.astronomynotes.com/

‘Rotational Velocity of MW

¥ GaladicRbTa’rion Curve
% Due to all the matter ... bright & dark

Rotabion Curve for Milky Way Enckised Mass for Miky Way
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- The Galactic Center
% What is everything orbiting?

d Buck Cluster

. Eagle Nebula
OriedaNebula -

Photo by Marc Stave5_2011 Ve .
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A Trip to the Galactic Center

*Angelle Tanner, Sky & Telescope, April 2003

 saipto ﬂwgalactm

Center>'

Zoom in from

the naked-eye view

of Sagittarius to
the unique objects s t{l - 2

g .:‘;9‘.:‘&-. k" '
hidden in the Milky SR T

Way's rich and

complicated core.

By Angelle
Tanner



http://skyandtelescope.com/

‘rhe Galachc Center

Radio (90 cm)
Inset:6 cm

A Tr'lp ‘I'

- ;&5,arurv~ £een£’r K
ENA WUV’I"!' of L *
I off} 5 heated

'caughT
Ids
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3
-yea .. g 450 light-years

" Above, left: Peering through the dust: an infrared view toward the galactic center. This image only hints at the
tens of millions of stars filling this 2.8°-wide view. As in all near-infrared color imagns with this artidn,lhlun

W, M. QOS5 /C. LANG/ VLA / NRAD

§ - i |r¢prnsnnt: a waveband centered on 1.2 microns, green 1.6 microns, and red 2.2 mi:mnsF :Hﬁng our normal

: _ ' " color vision toward longer wavelengths by a factor of 3. Above, right: The same field as at left, imaged at the
Photo by Marc Staves 2011 « - radio wavelengths of 90 centimeters and (inset} 6 cm by the Very Large Array in New Mexico.



‘A Trip fo the Galactic Center

Radio (6 cm)

[ELTREI T

i Cm

L
1

D W

Quintuplet

x . Cluster

Background
s galaxy

Circumnuclear
Disk and Mini-Spi

Radio (6 cm)

FVLA

The most prominent gas features in the galaxy's cen-
tral half degree, imaged here in radio, include the tur-
. : ’ bulent Arches, many thin magnetic threads, and large,
powerful Sagittarius A, one of the first radio sources
discovered in the early days of radio astronomy.

ADEHS VLA

5.'
38 light-yesars

FARHAD YLEEF -2




A Trip to the Galactic Center
LR . .
AR, X

Quintuplet
Cluster .
# '. ot ‘.
e

Radio (6 cm)

Circumnuclaar

2 . Disk and Mini-Spiral
ol

S5GR A EAST

S5GR A WEST

The Sagittarius A bright oval processed to bring out
the Mini-Spiral: streams of gas falling the last few
light-years toward the central black hole. Courtesy
Farhad Yusef-Zadeh, VLA, and NRAO.




A Trlp ’ro the Galactic Center

Radio (6 am)

5GR A EAST

SGR A WEST

Sgr A* isa b.rig'h"r'
compact, so far

| A higher-resolution radio view showing the main

Unr'eSOIVed I"Gle SOUI"CZ- components of the Mini-Spiral. D:-urtes.yr_kﬂ.f. M. Goss,
VLA, and NRAO.




A Trip to the Galactic Center
‘Model of the galactic Center

Radio [6 an)
Circumnuclear

Disk and
Mini-Spiral

3.6 light-years

A higher-resolution radio view showing the main The Circumnuclear Disk, just a few light-years across, encloses and
components of the Mini-Spiral. Courtesy W. M. Goss, feeds the Mini-Spiral. Gas clouds that collide in the disk should lose
VLA, and NRAO. B orbital momentum, allowing parts of them to fall inward.




A Trlp ’ro the Galactic Center

Iﬂnar Infrared

E Right: Great numbers of stars come back into
L view when we switch to near infrared. This

high-resolution image was taken with the 8-
meter Gemini Morth telescope. Courtesy F
Rigaut, Gemini Observatory, and NOAD.




A Trlp ’ro the Galactic Center

Below: Zooming deep into the central star cluster IRS |
16 at a wavelength of 2.2 microns. This image was
taken a few years before the one at right; note that
several stars moved slightly during the intervening
time. Courtesy A. Ghez and Keck Observatory.

MNear Infrared

"II
IRE: Ight—yln.ar
8,000 a.u.




. . 3 : : , Orbits of six stars around Sagittarius A*. This 2.2-micron adaptive-

; optics image, a mere 1 arcsecond square, was taken in 2002; symbols

A Tr' l p T o 1- h e show the positions of the six stars for each of the previous 7 years as

v T : well. The white orbits are best fits to these positions. Four of the or-

. e bits have only short arcs of data and thus are very tentative, but the

" Ga I ac'l- I C Ce n1.e r stars 50-2 and 50-16 have swung through half or more of their el-
. : : B lipses, allowing their orbits to be specified well.|50-16 swung a mere

[60 astronomical units from the black hole. ourtesy A. Tanner, 5. Hom-

stein, A. Ghez, and Keck Observatory.

Near Infrared "S0O-16 swung a mere
60 AU from the blac}

S A

" -
0.13 light-year _

8,000 a.u.




A Trlp to the Galactic Center
Mass needed in center of orbits =
2.6 million hmes The mass of Soll

2]

1997 . 10 light days .: :

1995

® 1996
L] 01997 .
- 1998
. ® 1999
0.5 2000
. 4,000 a.u. . & 2001
2002

- -

hoto by Mard3LERSa{1 p,hys.drg/neyvs/ZO1_7-08-Star340rb'iting-supermassi\)e-black-hole;html


http://www.einstein-online.info/spotlights/milkyway_bh#section-1
https://phys.org/news/2017-08-stars-orbiting-supermassive-black-hole.html

A Tmp to the Galactic Center

Mass needed in center of orbits =
2.6 million times the mass of Sol!

_ https //\MNW éso prg/publlc/usa/news/esm 1.51/
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16 Yé&'r long study
tracks stars orbiting . ‘#..
Mllky Way black hole :

Photo by Marc Stave5‘201‘1 Ve


http://www.eso.org/public/usa/news/eso1151/
https://www.eso.org/public/usa/news/eso1151/

A Trio To Tnhz Galactic Cznrezr

Gas cloud ripved apart talling into black nole,

ES+
"0
+

Position of cloud
cnan JI(! g .. Snanz can't
nz disczrnzd



http://www.eso.org/public/usa/news/eso1332/
https://www.eso.org/public/usa/news/eso1332/
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