Tully-Fisher relation

* virial theorem: v2 ~ GM/r
* assume L «« M ==> L-v correlation expected

» for spiral galaxies, L - v correlation easily measured using HI2lcm
profiles, optical/IR photometry.

* must apply sin i correction

* infrared Tully-Fisher: IR measurements minimize scatter due to
absorption ==> tighter correlation
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Surface brightness fluctuations

same galaxy seen at any distance will have same surface brightness.
N = number of stars in angular area 62

n = number of stars per unit absolute area
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But standard deviation of number of stars in 62 area scales as D.
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So surface brightness distributions look smoother for larger D.

Type Ia Supernovae




Type Ia Supernovae
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* Typesll, Ib, Ic: core collapse & explosion of M > 10Mg star.

» Type la: thermonuclear detonation of massive (~1.4My) white dwarfs.
+ Great uncertainty about details.
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Low Redshift Type la
Template Lightcurves

V Band

SN Ia as Standard Candles
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The progenitor of a Type Ia supernova

Type la Supernovae white cwart af
Neighbor star dumps too much mass accretion disk

onto a white dwarf.
* Increased density = runaway
heating through C + C burning
+ Overwhelms y =2»v + v cooling
* Heating rate faster than dynamical
timescale

* White dwarf interior cannot peacefully
respond to pressure increase.

» Deflagration
» leading to defonation?

Deflagration

Type la Supernovae as “standard 0
- simulation

candles”.

» Always happens when mass goes
just past limit for heating-cooling
balance.
=> Supernova always has same
luminosity.

.« Getdistance from Flux = —
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SN Ia as Standard Candles

-1
w g
g, Light output powered by radioactive decay:
R 7
g, S6Ni = Co = SFe
ad
g 5
3
A . . N .
o Amount of Ni determines both luminosity and opacity.
i/ . . . .
g / * So luminosity and fading timescale are correlated.
rEREN » (] S0 120 150 @0 210 2w
MASS NUMEERS 4
V Band
% 20
z
Q
8 as measured
[
E g -1
w E
> b
3 L
o = 3
¢ o
§ Calan/Tololo SNe la =i - ..
=] Pb 17t " . at
o Pt 20 o 20 40 60
days
15t ) PR - i
Q 20 w5 60 a0 00 120 140 160 1BO 200 220
MASS  NIIMBERS
Thistance
Determination
oo | GRAV. LENS. TIME_ DELOY. ... I
g (FONVACY-T€eDewew) . .. .. amie
Sepemera s SN I ——
Fiiptica galay € GAvary KNEMATICS emtinie— <
Spind galary SPraL GAcay KW, To;u s fushor -
. e b S T Banpg- WIESSEYNLE —_—
The Cosmic eens, [Guog. Coorren L fon
X jutcebipues | SurFAcE  BricuTugss FLnrunt | «—
Distance Ladder T Novae — ——
il P.n. —_—
and the HST Key i | QEAMEDS
\oE T B (] 1 R S e e
PI'OJ ect Bumesns (@R LYand
m—b mae LIESS. -
Jntequesce g FITTIANG
= — STATISTicAt PAENLLA
e - fMeoViNG CLvsTER
Trigencmesic. | . - ——
paraliar =T
TRIG. PARNLLAX o a.lmua; 4
[R5
T T T T ¢
DASTANCE (PC\" 10°10° w' IOQ w0 10“ W'i_l’.’.‘r9 |
Bpome | prapes . “i
bl GARCTIC CENTER @ |
Mpeegana MAGELLAMC CLovds @ 1
et mile d
Dt Lecal Grows ‘1
i VIRGo cLuiTél g 4
i Comn Covster|® 7
H"??“ I~usece Feow _Hi
disances
Objects/scales 4




HST Key Project on Extragalactic Distance

Mould et al. 2000, ApJ 529, 786

Measured Cepheids in 18 spirals

D <25 Mpc, v <1800 km/s

Scale

also used 7 more galaxies from other sources

Distances to Cepheids relative to LMC distance
Used these to calibrate secondary distance indicators

Tully-Fisher
Fundamental plane

Surface brightness fluctuations

+ Type la supernovae
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Secondary distance indicators ==> coverage to 104 km/s

Goal is to measure H,

Hy, = 71 +/- 6 km/s/Mpc

TF: 71
FP: 78
SBF: 69
SN: 68

Uncertainties:
Correction for large scale flows
Distance to LMC.
Taken to be 50 kpc +/- 6.5%
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