PHAS 1102, Section 2 part 2:

THE EXTRAGALACTIC
DISTANCE SCALE

All distant galaxies are receding;
their spectra areed shifted
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An alternative version of the ‘distance ladder’
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Recall distances are
measured in parsecs:

A star at 1 parsec has a
parallax of 1 arcsecond

d(pc) = 1/parallax
(bigger parallax =
nearer star)

atto = 10'%, apc = 3cm

Earth
(January)




Hipparcos: HIgh Precision PARallax Collecting Satellite
(nOt “Hlpparch US"|) Temperature (degrees Kelvin)

, 300007 10000 6500 Bl 4,000 3,000
= T I T T T T

Absolute Visual Magaitude
=
T
1

Vistral Luminasiny {Suns)

Hipparcos's

e H-R Diagram .
120,000 stars to a few mas i
(i.e., distances to a few hundred o
parseC) = HR dlagram b oy o3 rr Py 20

Codor index (B-V)

Temperature {degrees Kelvin)

O 00 0 sai0 o0 3o Main-sequence fitting
: | (& spectroscopic plix)

= 1000
ol 100
T
2:00001 g2
10 12 ails o [m-Mly,=1442
¥:020 o ce-vic00s ]t

AEsolute Visual Magniude
+
=
T
1
Wistal Leminesity {Sunsl

Hipparcos's

H-R Diagram
F10 = g =1 00
8
. o — a
+1% L. L b i i 20
-05 o 05 0 15 20 ¢
Codor Indesx (B-V
g 0 04 08 &




Luminosity

Radial Velocity

0 05 0
——One Phase —




00 02 04 05 08 W0 12 14 16 18 20 22
|l
i2 —<|  Among Magellanic Cloud
ATV Cepheids, Miss Leavitt
i3
® 7 1"l ' found a
o} — A — s Period-Luminosity relationship
X "fk" min
15 ._:v/ ;‘&4 - - 15
AL Lt |
ol - .
00 02 04 05 08 10 12 14 16 1B 20 22

" Fe. 2.

“The two resulting curves, one for maxima and avenfinima, are surprisingly
smooth, and of remarkable form. In Figure 2 .traight line can readily be drawn
among each of the two series of points correspgriginmaxima and minima, thus
showing that there ia simple relation between the brightness of the vables
and their periods ... Since the variables are probably at nearlystiree distance
from the Earththeir periods are apparently associated with theiactual
emission of light”

Modern version (two types of pulsator):
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Integrated radial velocity
spectroscopy

Angular diameter
interferometry

d [pc] = 9.305 AR [Rg] / A6 [mas]

The Baade-Wesselink Method

ESO PR Photo 30a/04 (29 October 2004)

© Furopean Southern Observatary n




Distance to the Magellanic Clouds:
Calibrate Cepheids in Galactic clusters => PLC zero-point;
Cluster main-sequence fitting;
‘tip of the RGB’/ ‘red clump’

SN 1987A...

Lead to Period-Luminosity relation:
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We can see Cepheids in distant galaxies

' ~ Cepheid Variable Star in Galaxy M100 HST-WFPC2

ApEil 23

Cepheids allow distances to be determined to galaxies in whicl
bright stars can be resolved.

Other techniques:

Novae ( have roughly the same absolute magnitude 15 days
after their peak [-5.5]; + nova-shell expansio

)

Brightest stars
Eclipsing Binaries (primary technique!!)

Thereafter: ‘Galaxy methods’ (increasingly approximate;
the ‘distance ladder’)




Orbital speed (km/s)—s>

Recall rotation curves for spiral galaxies; each &@haracteristic rotation velocity
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Type la supernovae (alone) make good ‘standard candles’...

The progenitor of a Type Ia supernova

...which spills gas onto the
Two normal stars The more massive secondary star, causing it to
are in a binary pair. star becomes a giant... expand and become engulfed.

The secondary, lighter star The common envelope is
and the core of the giant ejected, while the separation The remaining core of
star spiral inward within between the core and the the giant collapses and
a common envelope. secondary star decreases. becomes a white dwarf.

e

The aging companion The white:dwarfSinas:
tarts swelling, spilling increases until it réache: ...causing the companion
OB GERERET critical mass and explodes... star to be ejected away.
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Type la Supernovae (SNe la) have become the principal
distance indicator for the determination of distances in the
Hubble flow and, in connection with their calibration through
Cepheids, the Hubble constan
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