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Throughout astronomy the key features for studying celestial objects are to measure how far away it is and how long it
has existed. In cosmology, these two are coupled because the horizon of the visible universe is at a distance of ct,, where
t, is the age of the universe. Though this consideration produces the horizon paradox, we can say that studying the age
of the universe is equivalent to studying the distance to the horizon. There are many different ways to measure the age
of the universe, we will discuss here how to determine it by measuring anisotropies in the cosmic microwave background
(CMB) with the Wilkinson Microwave Anisotropy Probe (WMAP).

Historically, the age of the universe has always had a lower limit set by the age of celestial bodies, like globular cluster
dating, Type Ia SN decay curves, white dwarf cooling curves and galactic evolution models. These measurements have
yielded strongly varying results, from 9 - 20 Gyr with uncertainties of up to 10 Gyr (Spergel et al. 2003: Clayton 1988).
But more recently, measurements have constrained the age of the oldest globular clusters to within 11.1 - 13.4 Gyr (Spergel
et al. 2003). Similarly, white dwarf cooling curves have dated the age of galaxies to be 14.5 4+ 1.5 Gyr (Spergel et al. 2003:
Renzini et al. 1996) and 12.7 +0.35 Gyr (Richer et al. 2002; Hansen et al. 2002). For these reasons, we accept as a prior
for the lower limit of 11 Gyr (95% confidence).

There are a number of methods for determining the age of the universe from WMAP’s measurements of the CMB;
most of which involve numerically optimizing using a Monte Carlo Markov Chain (MCMC) routine. The WMAP data
constrains most cosmological parameters, like €,,,$, h, ng, og, etc and the age of the universe can be determined by a
combination of these. We will discuss three methods for calculating the age of the universe from the CMB.

First, by integrating the Friedmann, and solving for ¢, reveals the integral (Spergel 2003),
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After numerically determining €,,,, Qx, Qa, Q. & h, by MCMC fitting the CMB power spectrum, and taking z — oo,
the above integral determines the age of the universe.
Another method, from Knox et al. 2001, shows that,
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Thus, by constraining 2z or wy,, wa, Aw, and Awp from the WMAP power spectrum, this equation determines the age
of the universe today.

Similarly, we can measure the angular scale of the first peak, [y, in the WMAP power spectrum and correlate that to
the age of the universe (Page et al. 2003). The position of the first peak determines the curvature of the universe. By
measuring the curvature of the universe we can understand the path that space-time has traveled since then. Combining
this with zg4e. ~ 1000 (Eisenstein & Hu 1998), we can determine the time since decouping. But tuniverse — tdee & tuniverse-
Thus this age is within the uncertainties of ¢,.

Lastly, if we relax the assumption that the universe is flat (k = 0), several degeneracies form in parameters like Q4,; &
to , Qot & h, Qp & Qy, Uy, & h and Qp & nyg; as will be exhbited. This is a very visual method of determining the age
of the universe, among other parameters. Using these plots, if we again take k = 0, we can constrain an equivalent range
of t3. This method does not rely on an independent measurement of H,, but constrains it simultaneously.
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