ASTRIP 1Y 3070

! 'f
*.Q"" P . LA

‘ , .‘-u-;« {{\* i ‘L:,J,'u;{ g

-
B
|
.

Foundatlo "As ronomy

Week 1 5 Tuesday

Announcements / Reminders

Today's Agenda ® HW 10 due this Friday @11:59pm
® Milky Way structure e HW 11 also available, due next week
® Evidence for dark matter ® Read Chapters 20 & 23.0-3 (& 24)
® Galaxy types
® Extragalactic distances e HEAP TODAY @ 3pm AND tomorrow @ 8am

® Neutrino detectors & neutrinos from blazers
® Colloquium Friday @ 2pm
® |ntercellular Communication & Drug Delivery
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Our Galaxy, the Milky Way
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William and Caroline Herschel (1785)

Star counts
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Globular clusters revealed the scale of the MW

Galactic halo \

300,000 light-years

100,000 light-years
Globular clusters

" . |.—Galactic bulge

| —Sun

. T—QGalactic disk

27,000 light-years
g

Magellanic Clouds
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G X U V | R
Variable stars like Cepheids (called RR
Lyrae stars) were used to estimate the
distance to globular clusters, which were

assumed to be distributed uniformly
around the center of the MW

Fall 2021: Week 15a




Sun’s Motion through the Galaxy

Milky Way
artist Impression because we can only see it side-on!

O MILLION YEARS

James O'Donoghue
with NASA imagery/data
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How do stars move in the Galaxy?
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Kepler’s 3rd Law in the Galaxy

(a/1 AU)?
M Mao(< r) =
o+ Mel<r) = "m0
Mass
iInside
Sun’s orbit
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How do we get 3D star velocities?

Radial Velocity: Vy — C

Proper Motion:

_ 2 2
v—\/fur%—vt
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How do stars move in the Galaxy?
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Kepler’s 3rd Law in the Galaxy

(a/1 AU)?
M Mao(< r) =
o MG = e
Mass
Inside -
Sun’s orbit a RS kpc
P =~ 220 Myr

Mg(<r)~ 9.3 x 10" Mg

U(R)2 B GMg(< R)
R R?

1/2
50 60 70 v(r) o (MG(< R)) x R~1/2

R
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Milky Way Is not alone — there Is extra, non-
luminous matter in galaxies: “dark matter”
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Expected rotation > Observed rotation -
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Dark Matter: what is it? [, i: . w'éu.".\et;

Cluster '

® Neutrinos (like those produced in fusion
® Have mass, but not enough
® New kind? Sterile Neutrino |
® WIMP (Weakly Interacting Massive Particle) §
® Direct detection searches have failed
® “WIMP miracle” not miraculous MRS DL
® MACHO (MAssive Compact Halo Object) &8 . -;S;Eﬁ:iti‘:; - 2
® WDs, NSs, BHs roaming around

® Can detect via gravitational lensing - ruled out
® Theorists are clever - can invent other options!
® Modified Gravity (explains galaxy rotation, but...)

ASTR/PHYS 3070: Foundations Astronomy Fall 2021: Week 15a 13



HUBBLE-DE VAUCOULEURS DIAGRAM
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SDSS, 0.02 < z < 0.03, 10.6 < Log M/My, < 10.8 Milky Way—mass
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Color (current amount of star formation)

Blue cloud Green valley Red sequence Grgwth /

AGN, FAST TRACK EVOl UtiC)n
feedback .

SLOW TRACK

(“ @\ @
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@ —\ -

Y Asymmetric
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R, . . . s m-
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Rate of star formation
Faster bursting Faster quenching

*
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of Galaxies
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Spiral Arms
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(Galaxies are not isolated

ASTR/PHYS 3070: Foundations Astronomy

Fall 2021: Week 15a

19



7’1 231y [T 3L

"PU0dss/SNAY ul sanjea [oxid ur Sunnsas ‘sown ainsodxd 9A110adsal

119) 0] POZI[BULIOU U3} 3I9M SIWRIJ PIPPLOD ) ‘UOIIRIIQNS AYS Iy *SOWRI] M DUP

. A S .. - : .... 35 oy ‘.O. . ..0. iRy ..o.

>
=
O
C
O
b
n
<

ions

Foundat

ASTR/PHYS 3070




103 pc

go\al gyste™ Type la

.+ | | |
Radar \ ? supernovae
Parallax

N ' o

My = —2.76log(P/10 days) — 4.16 PisiantSiandaras

Luminosity

Time
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Parallax

PA= Pg=
1 arcsec 1/2 arcsec
Earth today N

1 arcsec

Earth 6 months later

Cepheid Variables

Luminosity N

Tim?
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/o arcsec

Fixed direction in space /

>
(e.g., a view toward a very distant star)

Star B

Star B is twice as far away as star A.

Type la SNe

(b) After

Supernova

Fall 2021:

Week 15a

Spectroscopic
Parallax

The remarkable agreement
10’ p@ between observations of
stars in a cluster (dots)...

. HoriZontal — yu8" 4
U~  branch -

: - ¥~ -Red giant
10° = B branch-...

| ...and calculation:
evolved stars sho
the H-R diagram (

Visual luminosity relative to Sun
o
\©)

les strong support
Inderstanding of
tructure and evolution.

-3 ..
10
10,000 8000 6000 5000 4000

Surface temperature (K)
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\

H U bble’s LaW " Hubble’s original proposal that L = H 0 d

the universe is expanding was
based on measurements of only

30,000 2 few nearby galaxies. |
0 " ® 3
Modern me: "o —
expansion c
ke galaxies ma ;
S distant than
-g g 20,000 L s
N 2= >
O 5% 3
‘n © =
N ©
8 D 10,000 : 0
D X
I ‘ | ‘ —
DISTANCE

0 0*PARSECS 2210® PARSECS
B
0 Hubble’s 150 300 450
original plot Distance (Mpc) 1 1
d Hy =~ 70 km s~ Mpc

ASTR/PHYS 3070: Foundations Astronomy Fall 2021: Week 15a 23



We live in an expanding “balloon universe”

If expansion constant, then can estimate the
age of the universe

4 d 1
_UT—H()d—H()
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Parallax

Type la SNe act like
“standard candles”
(Like Cepheids, we know
how bright they are
intrinsically)

ASTR/PHYS 3070: Foundations Astronomy

, Cepheids
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Type la
slipernovae
N
L)

Di'stant Standards
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m-M (mag)

A{m-M) (mag)

a4}
- ® High-Z SN Search Team
42} ¢ Supernova Cosmology Project
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Finger of God: the Coma Cluster

Galaxy Cluster
Supercluster

First CfA Strip
285 < 8 < 325

My S 16.6
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Galaxy Surveys

2dF Galaxy Redshift Survey

Billion

3° slice
62009 galaxies
220929 total

Why does the pattern look
different at high redshifts?
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