
Analysis of astronomical images
- an introduction -
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Diffraction cross
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Cosmic rays
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Liquid nitrogen cooled CCD cameras are able to integrate for up to 6 hours. 
But in practice integration times are limited by the influence of cosmic rays. 

Cosmic rays are subatomic particles arriving from outer space, which have 
high energy as a result of their rapid motion.
About 87 percent of cosmic rays are protons
and about 12 percent are alpha particles (helium nuclei).

Cosmic ray flux at sea level: 0.025 cm-2 sec-1. 
Therefore in 1 hour about 90 events are seen in a 1cm2 detector.

Cosmic rays

?



cosmic ray removal
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Image analysis
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from E. Bertin

Deblending



Image analysis

- background estimation (mean and sigma)

- identify pixels above the background at n sigmas 
(usually n=5)

- group contiguous pixels into objects

- check for blending

- catalog of sources. We have reduced the dimensionality 
of the dataset.



How to characterize a distribution
with a few numbers?
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Moments of the light distribution



Moments of the light distribution



Data product

- we now have a catalog of sources with:
• brightness
• position
• size
• ellipticity



Star-galaxy separation
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Star - Galaxy separation

Wavelength tradeoffs

• Shorter wavelength 
(higher frequency):

• Easier to get high 
angular resolution

• Fewer photons

• More expensive to 
build
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Resolution of an instrument:





The SDSS skyserver



Skyserver SQL query



Skyserver SQL query



Skyserver SQL query



Mapping the Universe: stars vs galaxies



Mapping the Universe: stars vs galaxies



Yasuda et al. (2001)

Density of objects in the sky

Stars

Galaxies

transition at m~20

=> 2 different views 
of the Universe



Description of density fluctuations

P1 = n̄ dV

P2 = (n̄ dV)2

If n is the average number of galaxy per unit volume, the probability of finding 
a galaxy in the volume dV at position x is

If the galaxies are distributed randomly, the probability of finding a galaxy 
in dV at position x1 and another galaxy in dV at position x2 is:

We chose dV small enough so that there is only 1 gal per dV



P2 = (n̄ dV )2 [1 + �(x, y)]

P1 = n̄ dV
The probability of having one galaxy in dV1 and one galaxy in dV2 
becomes scale dependent

P2 = (n̄ dV )2 [1 + �(r)]

If the distribution of points is isotropic and homogeneous (Cosmological 
principle):



Description of density fluctuations
P1 = n̄ dV

P2 = (n̄ dV)2[1 + �g(x, y)]

If the galaxies are clustered, the probability of finding a galaxy in dV at 
position x1 and another galaxy in dV at position x2 is:



Description of density fluctuations

http://home.fnal.gov/~iditz/xi9/

Due to the isotropy of the Universe, we are not interested
in ξ(x,y) but in ξ(r) 

Correlation function ξ(r) for SDSS galaxies
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Correlation functions



- 10,000 square degrees 

1 pixel ~ 1 square arcsecond
1 square degree = 3600^2 square arcsecond

=> SDSS has about 100 Giga pixels

- 100 Giga pixels
- 100 Million galaxies
- 20 angular bins
- 2 parameters



�⇤(x)⇤(y)⇥ = ⇤̄2�[1 + �(x)][1 + �(y)]⇥
= ⇤̄2[1 + ��(x)�(y)⇥]
=: ⇤̄2[1 + ⇥(x, y)]


