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Supernovae type la
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Supernovae type la
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Supernovae type la

Characteristic luminosity vs time light-curve:
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The distance ladder

Stellar Parallax Measurement of Cepheid Variable

Earth

Three Steps
to Measuring
the Hubble Constant

Cepheid
(December)

Galaxies hosting Distant galaxies in the
Cepheids and expanding universe
Type la hosting Type la

supernovae supernovae
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‘ om ’ ﬁ Light redshifted (stretched) by expansion of space
PARALL'A*
LimiT

%  Short-period Cepheid

# Long-period Cepheid 100 Million - 1 Billion Light-years




1) (
o [Thg Ay by | 43 42
Nobeld prite th Zol @p;, 41998 ali(ua\l&f.,jz
Il Porlumven ( Svptanovae Losmolo 94 WOJMT) fid
Adpm Riell  dad Briay P Schmidt (H)‘%-% Svpernp/ al §ewdnﬁ'&ﬂm)‘
0 ! ]
LEOQ\C an Phe| Wikl of b digueny ! Ctwe 42 Do verse." oy K bang b
(o4
g ,r 4o o weﬁ&wb)“—;w\ & Gupeapovdee d/ID'a//L?,
x / g l= dlmwer. (A L\ed 2)
Mo / s » ard Slower | (af fog
/ oo decetorpnion : |
/ MiTunce
/
A
0.5- //// _ ]
= L dele= KR4t (ag0) R e




Luminosity distance/redshift relation
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Luminosity distance/redshift relation
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Ho from GW170817
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Errors:
|) Hubble flow velocity: need to account for 2) Distance error large, 3) statistical measurement error from
peculiar velocities, caused by local d = 43.8129 Mpc noise in detectors + instrumentation
grav field, attraction to nearby galaxies ' calibration uncertainties:

vy = 3017 + 166 km s~ 1.
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Conclusions Lecture 1

e To measure the expansion rate we need to measure distances and redshifts:
luminosity distance and angular diameter distance. \We have derived the
dependence of the luminosity distance on the deceleration parameter, which
can be measured by standard candles.

e Type la supernovae are very bright and their brightness depends on the time-
luminosity relation: They are ideal standard candles to go at high redshifts. They
have been used to measure the expansion at high redshifts and discover the
cosmic acceleration. Concordance with other observations. Standard sirens
potentially useful on the future.
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