
Measuring Cosmological Parameters: 
I. Standard Candles

• Pick standard candles, record 
flux, compute dL

• Supernova of spectral type Type 
Ia are thermonuclear explosions 
of a 1.4 Msun white dwarf

• L = 4 x 109 Lsun typically, and 
the decay timescale of the light 
curve gives the exact luminosity

• dL ~ cH0
-1 z (1 + 0.5 (1 - q0) z)



Sn Ia results
• Supernovae at z~0.5 appear fainter than they would in the absence of acceleration.

• Are there other factors that might make supernova appear dimmer?
• How can we tell if cosmic acceleration is the cause?

• m=2.5log(fl/fl,0)

• Absolute magnitude M is 
magnitude the object would have 
at a distance of 10 pc

• Define the distance modulus
m-M=5log(dL/1Mpc) - 25



Measuring Cosmological Parameters with 
Standard Candles

•What about interstellar dust?
•Are Type Ia SNe really standard candles?

–The universe evolves, so maybe the progenitors evolve as well…

Riess et al. 2004



Measuring Cosmological 
Parameters. II. Standard Rulers

• We can use measurements of dA to 
obtain the value of H0 and q0.

• dA ~ cH0
-1 z (1 - 0.5(3+q0)z)

• How easy is this in practice?
• Do galaxies make good standard 

rulers? 
– If yes, then which galaxies?
– If not, then what can we use?



Measuring Cosmological 
Parameters. II. Standard Rulers

• Sound waves in the baryon-photon 
fluid near the time of last scattering 
imprint a characteristic length scale 
on the CMB radiation.

• This same length scale is imprinted 
on the large-scale structure of the 
universe today.

• The cosmic microwave 
background anisotropy, which has 
its origins in quantum fluctuations, 
also has a characteristic length 
scale. 



Quiz #9
This image shows a newly discovered Type Ia
supernova. 
• You measure a flux at maximum brightness 

of F = 10.3e-14 ergs/s/cm2, which is 
equivalent to 10.3e-17 Watts/m2.

• Later, you obtain a spectrum of the host 
galaxy and measure a redshift of 0.2000.

Assume Type Ia supernova are standard candles with bolometric 
luminosity L= 1e43 ergs/s, which is 1e36 Watts.

1) What is the luminosity distance to this galaxy? 
[Give your answer in Mpc.]

2) Estimate the value of Hubble’s constant. 
[Give answer in km/s/Mpc.]



Controversy Over the Hubble Constant!



The Hubble Constant 

• For small z:
– zc = v = H0 d
– What d?

• Easy?
- Measure z ( or v)
– Measure d

• Problems:
– Peculiar velocities
– How to measure d?



The Hubble Constant.  Peculiar Velocities

• V = zc + vp, where vp~500 km/s 
• zc = H0d = H0(100Mpc) = 7000 km/s  (Pure Hubble Flow)



The Hubble Constant. Measuring D

• Parallax works to  ~ 
few 100 pc

• Calibrate a few 
pulsational variables 
including a couple 
Cepheid variables



The cosmic distance ladder

SN Ia



The Hubble constant.
Key project strategy

• �Secondary� distance 
indicators calibrated with 
cepheids P-L relation 
reach into the Hubble 
Flow

• Cepheids P-L relation is 
calibrated using Cepheids 
in the Large Magellanic 
Cloud

• Can only reach d ~ 20 
Mpc. Make corrections 
for Virgo Cluster infall 
~250 km/s.



The Hubble constant. 
HST Key project results

Commonly accepted, but not undisputed (e.g. Sandage et al. 2006 62+-1+-5)

Freedman et al. 2001

Possible Problems:
• Distance to the LMC
• Calibration of the 
Cepheid P-L relation  
(chemical composition)

What about the other 
parameters? Need to go 
to higher z.



Standard Sirens (EM & GW)
• Neutron star – neutron star mergers do not give a standard 

candle, but the luminosity can be worked out from the 
characteristic chirp of the gravitational waveform, which is 
determined by how rapidly the 2 stars spiral together.

Observations of a Binary NS Merger



Standard Sirens (EM & GW)
• The tricky part is to get the redshift. There’s not enough 

structure in the gravitational waves to measure redshift.
• That’s why it is such a big deal to detect the host galaxy of the 

NS-NS merger. The galaxy redshift can be easily measured 
spectroscopically.





Summary: Measuring 
Cosmological Parameters. 

• Measuring the Hubble constant using nearby galaxies requires 
corrections for peculiar motions (i.e. attraction between 
galaxies)

• Distances to nearby galaxies are determined by bootstrapping 
empirical distance indicators to direct distance measurements. 
This is known as the distance ladder.

• Type Ia Supernovae are the best standard candle that can be 
seen at large distances (i.e. z ~ 1).  Measurements of the 
brightness and redshift indicate a negative deceleration 
parameter. 

• We live in an accelerating universe!  And Einstein�s 
cosmological constant is back in fashion.

• Multi-messenger astrophysics, combining observations of 
both gravitational waves and EM radiation of NS-NS mergers, 
will directly measure H0.


