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This is the problem of defining a distance in an expanding universe: Two 
galaxies are near to each other when the universe is only 1 billion years 
old. The first galaxy emits a pulse of light. The second galaxy does not 

receive the pulse until the universe is 14 billion years old. By this time, the 
galaxies are separated by about 26 billion light years; the pulse of light has 
been travelling for 13 billion years; and the view the people receive in the 

second galaxy is an image of the first galaxy when it was only 1 billion 
years old and when it was only about 2 billion light years away.
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The Redshift-Distance Test 
As a function of redshift, the apparent magnitude of 
distant objects changes under different 
cosmologies, for two reasons:

1. The shape of space determines how photons 

spread out as they move outwards (the 
classic 1/d2 effect)


2. The expansion history determines how the 
photons are redshifted.


This can be worked out under different cosmologies 
to derive a form akin to our regular magnitude-
distance expression:


 

where dL(z) is the luminosity distance, and depends 
on H0, ΩM, ΩL, and k. We typically plot this using the 
distance modulus, not the distance, though:


If we had an object of fixed brightness -- a standard 
candle -- we could plot its apparent magnitude as a 
function of distance and work out the cosmology. 

m − M = 5 log dL(z) − 5

dL(z) = (1 + z)
c

H0 ∫
z

0

dz

ΩM(1 + z)3 + Ωk(1 + z)2 + ΩΛ



5

Remember Type Ia 
supernovae: the explosion of a 
~ 1.4 Msun white dwarf. These 

are pretty good 
approximations to a standard 

candle, and they are extremely 
bright. That's exactly what we 
want to use for the redshift-

distance test. 
But are SN Ia's really standard 

candles?
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Which gives an average peak 
absolute magnitude of -19.26 

+/- 0.16.  

This uncertainty in peak mag 
includes the distance 

uncertainties to the galaxies, 
so the real dispersion in peak 

magnitude is even smaller, 
about 0.1 mags or so. That's a 
pretty good standard candle. 

But there's a significant 
drawback to using Type Ia 
SNe. You gotta find them...
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How would you find enough supernovae to determine cosmological parameters?
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Using supernovae to study cosmology 
• Take a BIG picture of the sky. 
• Come back next month and take the same picture. 
• Compare the two. Differences? 
• If you find a possible supernova, take a spectrum 

of it and make sure it is a Type Ia SNe. 
• Also take a spectrum of the galaxy it lives in, to 

find its redshift. 
• Watch the supernova as it fades, so we can get its 

peak apparent magnitude. This is important -- you 
probably didn't catch it when it was at its peak, so 
we need to fit it to a standard light curve to derive 
its peak magnitude. 

• Keep doing this so you have a big sample of high 
redshift supernovae. Then compare those 
supernovae to ones at lower redshift. 
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More recent data: HST discovered 
supernovae, extending to higher redshift 
(Riess et al 2007). In this plot μ=m-M, the 

distance modulus. Curvature in the data is 
inconsistent with models that use dust or 

evolution to explain faintness of high-z SNe; 
instead it is indicative of the "jerk" in the 
expansion history when lambda began to 

dominate and the universe went from 
decelerating to accelerating. 

http://adsabs.harvard.edu/abs/2007ApJ...659...98R
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Constraints from Supernovae: 


Remember, they tell us that the universe is accelerating in its 
expansion. So what does that mean for the universe's 
cosmological parameters? 

Think about plotting a "plane" of all possible ΩM, ΩΛ values. On 
this plane we can also plot regions that show  
• shape of space 
• accelerating / decelerating universe 
• final outcome (expands forever or recollapses) 

So what values for lambda do we get from the supernovae? 
Acceleration means ΩΛ is "beating" ΩM. 

Things to notice.

• An accelerating Universe is older. (ie the expansion rate 

was slower in the past, so the universe took longer to grow 
to its present size. 

• Even universes which expand forever can be spatially flat 
or closed, and universes which collapse may yet be 
spatially open.


• As time goes by, Λ wins. FΛ ~ R, Fgravity ~ R-2. If the 
cosmological constant exists, it was end up dominating 
the expansion.
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A "union" plot-- multiple datasets, multiple methods 

CMB = microwave background, sensitive to shape of 
space 
SNe  = supernovae, sensitive to R(t), the rate of 
expansion of the universe 
BAO = tracing large scale structure of galaxies, sensitive 
to matter density parameter. 

Working together, they suggest we live in a universe with: 
• ΩM ~ 0.25 
• ΩΛ ~ 0.75 
• Other observations give H0 ~ 69-72 km/s/Mpc 
• Results in t0 ~ 13.8 Gyr 


