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Cosmography |

The local distance ladder — the quest for HO
Standard candles (SN la)

Age of the universe - Cosmic Chronometers
other methods will be discussed later
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Cosmic Chronometers
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History — the ladder

HST Key Project
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Figure 2
In this program the Cepheld P-L velation is calibrated within | Hpc and spplied to spiral

galaxies at typically 10 Mpe. These measurements in turn calibrate secondary distance
indicators whici reach out to 10D Hpe.




Key Project
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Key Project

H= 72 + (3), + [7],
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From Key Project to SHOES

WFPC2 CTE, long—short
P—L Slope

Cepheid metallicity, anchor—to—hosts

Cepheid reddening, zpts

SN m—z relation
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Figure 9. Uncertainties in the determination of the Hubble constant. Uncertain-
ties are squared to show their contribution to the quadrature sum. These terms
are given in Table 5.
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WWMAP7 only
WMAP7+H, (HKP)
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CHP Mid—IR (SPITZER) Period—Luminosity Relation

u(LMC)o = 18.477 +/- 0.033 mag

® LMC Cepheids
® Galactic Cepheids




la as standard candles




Sn la as standard candles

as measured

My~ SlogW6s)

Calan'Tololo SNe Ia

light-curve timescale 3
“stretch-factor’” corrected 7

My =5 hg(h6S)

Figure 12: Top panel: B-band light curves for low-redshift SNe Ia from the
Calan-Tololo survey (Hamuy et al. 1996) show an intrinsic scatter of ~ 0.3 mag
in peak luminosity. Bottom panel: After a one-parameter correction for the
brightness-decline correlation, the light curves show an intrinsic dispersion of
only ~ 0.15mag. From Kim (2004).




la as standard candles

T

High-redshift (2> 0.15) SNe:
* High-Z SN Search Team

© Supernova Cosmology Project

Low-redshift (z < 0.15) SNe:
= C{A & other SN follow-up
o Calan/Tololo SN Search

L
PERTE S S BT B

— 0,703, Q=07
0,70.3, Q,=0.0

Distance Modulus (m-M)

-- 0,710, Q,=0.0

PRI TR S B R |

I I

paan les 30y

Figure 4: Discovery data: Hubble diagram of SNe [a measured by the Supernova
Cosmology Project and the High-z Supernova Team. Bottom panel shows residu-
als in distance modulus relative to an open universe with g = Qy = 0.3. Figure
adapted from Perlmutter & Schmidt (2003), Riess (2000), based on Perlmutter
et al. (1999), Riess et al. (1998).




Recent SN results
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SN la challenges

Poorly understood physics
Selection effects (brightness and lensing)
Dust

Photometric calibration is hard at extreme levels of
precision
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Cosmic Chronometers

O Moresco et al. (2012) data
X Stern et al. (2010) data
A Simon et al. (2005) data
— ACDM fiducial cosmology
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Figure 2. Hubble parameter measurements. Open circle points correspond to H(z) estimates from Ref. [6],
open triangle points from Ref. [17], and starred points are taken from Ref. [18]. We also show a fiducial ACDM
cosmology, with Ho = 73.8, Qr 0 = 0, Qm.,0 = 0.27, Qpeo = 0.73, wo = —1, wa = 0.

Jimenez & Loeb 2002; Moresco et al. 2012




Chronometers challenges

* Hard to measure stellar ages with high
precision

* Progenitor bias: galaxies evolve
* Edge effects




Homework for 1/28

* See web page




The end




