ASTR 620: Galaxies

Prof. Benedikt Diemer

Introduction to the course



What is a galaxy?
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Our tools: Observations & Simulations




Yerkes Observatory
refractor (40" lens
at the same scale)
Williams Bay, Wisconsin,
( USA(1893)
y ¢ MLaI ngKV AFr%a
Great Parls Exhibition <" an-opject Fiber

Spectroscopic Gran Telescopio

Telescope
(I%ns at tI?e sarge1 sggle) Hﬁ,':f‘é?h‘i’ﬁa Eaagglrrir?as Keck telescopes
ars, France (Z469) (2009) Canary Islands, NCSA (1903, 1856)
Spain (2007) i

Hooker Telescope (100")
Mt Wilson,
California USA (1917)

. o G'Gmini r}d(orth TSiubaru
auna rea, elescope Thirty Meter Telescope
y Hawaii, USA Mauna Kea, M Kea. Hawaii. USA
Hale Telescope (200) Hobby-Eberly  Southern African (1999) Hawaii, USA ptesbic i L 0
Mt Palomar, CaI| ornia, Telescope Large Telescope (1999)
USA (1948) Davis Mountains, utherlar]d,
Texas, USA South Africa

(1996) . (2005)

e¢“n
& -1 Gemini South
e Cerro Pachon,
. Chile (2000)

(1979-1998)  (1999-)
Multiple Mirror Telescope
Mount Hopkins, Arizona, USA

Large Binocular
Telescope
Mount Graham,
Arizona, USA (2005)

O

Vera C. Rubin
BTA-6 Large Observatory
(Large Zenith Cerro Pachén, Chile
Alta2|muth Telescope (planned 2024)
Telescope) British
Zelenchuksky, Columbia,
Russia Canada
(1975) (2003)
- .
Gaia Kepler Extremel
\ s y Large Telescope
Eaﬂh—(szléq 4|1-)2 point E?Eﬁg}tﬁgﬂg Very Large Telescope Cerro Armazones, Chile
(2009) Cerro Paranal, Chile (planned 2027)
(1998, 1999, 2000, 2000)
' > =
Human 0 5 10m _
Hubble Space at the 6 10 20 30 ft s
James Webb Telescope Magellan Tel same scale g
Space Telescope Low Earth agelian lelescopes

Giant Magellan Telescope
Las Campanas, Chile
(planned 2029)
|
' Arecit - r"’helmmgly Large TelescoP® (c@
00 Observatory 305 m radio telescope at the same , scale

. Radioteleskop FAST
(Five-hundred-meter Aperture Spherical Telescope)

~Earth—Sun L2 point orbit Las Campanas, Chile
(202,1,)2 P (1990) (2000, 2002)

Tennis court at the same scale im gleichen MaRstab Basketball court at the same scale



Galaxies everywhere in the sky
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Highest redshift galaxy
A

. . »

* GN-z11, observed with Hubble Space Telescope

e Redshift ~11 (400 million years after Big Bang) VASA Lot



\ o

JWST is revealing the highest-redshift galaxies

GN-z11 e S
JADES-GN-210-0 i i \ : i
' zs=1750 . L el qp=T14 . s
. & T
‘ W e The light from this
A " .
i galaxy was sent out
R s when the Universe
Edind TN e was less than 10% its
e gy ' current size
. o Ay e This was only 400
A : / . ’ & e 5 oIl
; Wgdormsr o L million years after the
- $ % g ¥ ‘55108 : - Big B
gy v, ol sy 'g bang
i s e U & » We are starting to see
’ 5 . P e the first galaxies!
. ® . e
"5 : ’ oA,
' .
» - L 2r—104 . z”;g'e . ‘B g
o ; - -
- N ZP:10'0
- v

S B Tachella et al. 2023







Milky Way

a0°

120°

* Fairly typical spiral disk galaxy
» Stellar mass about 6 x 10" M,

* Forms about 1.5 M /yr in stars

; 30,0001y|

e~ -

' o

180°




Basic properties of MW

MW disk is thin, symmetric, blurry
boundary

Half-density thickness about 250 pc

Y (kpc)

Sun ~8.5 kpc from center
Rotation velocity ~230 km/s

Spiral arms

Reid et al. 2019 ® Numbers from Draine



Masses of MW components

» Within 15 kpc of the center of the MW:
* About 10''M total
e 5X Z-OlOMQ stars
» 5x 10'°M dark matter
e /X Z‘O9M® gas
e this includes Helium
e 5 X 109M® hydrogen
e Out of hydrogen:
e 20% ionized
e 60% HI
e 20% H>

Numbers from Draine






EM spectrum in astronomy

Frequency Wavelength
(H2) (meters)
- 1022 10_1 3l
- 1021 _1p|  vrays
-10%° I 1 i 2
~11L o B ,
- 1019 A 10_10 107 nm . e 107 nm
1018 1 angstrom (A) 107'" - X-rays 1 nm [ 0.2 nm
-1017 1 nanometre (nm) 1079 | Inm |- ¢ o
1016 1078 - 10 nm e 10 nm
B 1015 10-7 L | Ultraviolet 400
e < _ - nm -
1014 1 micrometre (u) 10_2 -= - 700mm {umF o 700 nm
- 1013 10_4 ~ Infrared 10 pm ™ 30 pum
1012 104 |} 100 ym [~ FarR
B 10-3 | 1 mm e Sub-mm mﬁlllm
-107"
.o 1 centimetre (cm) 1072 | :
—-10 10-1 L Microwave
- 109
8 1 metre (m) 1 — 1 m
- 107 0T
6 102 |-
=10 : 3 Radio
1 kilometre (km) 10 -
= 105
- 104 Lol
| 10° |




21 cm / radio / neutral hydrogen atoms

Effelsberg + Parkes surveys



6.8 mm / microwave / CMB + dust in Galaxy

Planck satellite



2.6 mm / microwave / carbon monoxide molecules

”~
-

Planck satellite



25-100 um / infrared / warm dust

IRAS satellite



2 um / infrared / stars

2MASS survey



300-1000 nm / optical / stars

GAIA satellite



175-280 nm / UV / hot stars

GALEX satellite



0.5-4 nm / X-rays / very hot gas

XRG satellite / eROSITA / MPE



below 10-15> m / y-rays / energetic point sources

Fermi satellite



Radio Microwave Infrared © UV X-Ray amma Ray

|
Radio : Infrared § » ' T X-ray
60,000 nm _ nm (10-3.6 um) X 100-10 nm
600 K , | 4,500 K . 10,000000 K

Optical
.450-750 nm
6,000 K

) ‘ . - '
Multiwavelength Whirlpool Galaxy .
ane
| -4 4 o s . :
A s O S W il
COLD GAS: Radio waves reveal COOL STARS: Infrared shows SO Optical light HOT STARS: Ultravlolet shows HOT GAS: X-lwsare'
regions of gas cool enough for || smaller cool red stars that comes from stars around the the larger hot blue stars that from the hottest regions of
CO; molecules toexist. .|| make up most of the galaxy. size of the Sun. are less frequent in galaxues gas where atoms are ionized.
| - e . &7 ), (o "\ ) , o o . ”® o @ -
K {(Co ) & S22 oY . A\ L . ’ - O - QQ
: .)) - I NT. - . e ¢ ‘ ' * W
: / ’ . ' > A\ C N
A AL A T I N

<= COOL LOW ENERGY RADIATION e——— MUGHT = HOT HIGH ENERE! Bﬂm

® Different parts of the electromagnetic spectrum provides different information

(temperature, composition, motion, etc)

eCUIP / UChicago



Atmospheric windows

Visible
Ultra-
Gamma X-ray violet Infrared Microwave Radio
(UV) (IR)

Longer waves —»

i

-«—Shorter waves

NI 15
(meeom bwn up)
& Stratosphere
E (ozone layer at 20-30 km;
g jets fly at 10 km)
<
Troposphere

L |

Optical [ —1

“window” Radio “window™



Simulations

Toomre & Toomre 1972 Wetzel et al. 2016



