
Observational cosmology

Brice Ménard
Johns Hopkins University

Kavli IPMU, Tokyo University







The spectrum of the sky

http://www.ias.u-psud.fr/irgalaxies/cib.php

cosmic optical
background

cosmic infrared
background

http://www.ias.u-psud.fr/irgalaxies/cib.php
http://www.ias.u-psud.fr/irgalaxies/cib.php




IRAS/COBE Galactic Dust

100 micron map





Some basics

�⇥ ' 1.22
⇤

D

collecting area / D2

The resolution of an image-forming device is given by the 
Rayleigh criterion (invented by Lord Rayleigh (1842-1919)):

The sensitivity of an image-forming device is proportional to 
its collecting area:



http://operavision.org/2008/08/02/the-man-on-the-moon/

Angular scales

http://operavision.org/2008/08/02/the-man-on-the-moon/
http://operavision.org/2008/08/02/the-man-on-the-moon/


Angular scales a human hair held ten 
metres away

1 degree

1 arcmin

1 arcsec

The eye 
resolution

The resolving power of a pupil is:
(Rayleigh criterion)
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The human eye

Rayleigh limit: ~30”

actual resolution:  1-2’ 
(cones need to be separated by 
unexcited cones)

exposure time: 1/50 s

diameter: a few mm



lambda_min ~ 0.4 micron
lambda_max ~ 0.7 micron

resolution elements: 
• 6e6 cones (bright vision) 
• 1e8 rods (faint)

dynamical range: 1e9-10

Questions:
- What is the stimulation threshold (in terms of number of photons for the eye?)
- What is the wavelength of a standard remote control?

The human eye



A brief history of the telescope



What has been the main driver of ground-based 
astronomy in the past 20 years?



T.Tyson (2010)

• Scientific data doubles every year



The Canadian-France-Hawaii telescope:
- operational since 1979 (>30 years old)
- mirror: D=3.6 m

An example: the CFH Telescope

Still (one of) the most competing 
telescope for weak lensing studies



Many fundamental problems in astronomy can be addressed 
with a common (usually large) dataset. Astronomy is more 
and more based on large surveys.

In the context of surveys, the figure of merit of a telescope 
is given by the étendue:   E =        A         x        Ω 

                        = (telescope area) x (opening angle)
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Science is Changing

THOUSAND YEARS AGO
science was empirical 
describing natural phenomena

LAST FEW HUNDRED YEARS
theoretical branch using models, 
generalizations

LAST FEW DECADES
a computational branch simulating 
complex phenomena

TODAY
data intensive  science, synthesizing theory, 
experiment and computation with statistics  
►new way of thinking required!

slide from A. Szalay



The Sloan Digital Sky Survey



The Sloan Digital Sky Survey (SDSS)



The SDSS camera

Drift scan







The SDSS has changed the way we do astronomy

The impact of sky surveys



SDSS
2.4m  0.12Gpixel

PanSTARRS
1.8m  1.4Gpixel

LSST
8.4m  3.2Gpixel

2000-2014+
operating

2010+
operating

2018+
in construction

(world’s largest digital cameras)

15 terabytes
over 10 years

30 terabytes
per night



Astrophysics is mostly driven by observations and observational 
astronomy is mostly driven by advances in (detector) technology.

Aperture size is no longer driving optical astronomy.

The avalanche of data keeps changing the way we think of data 
analysis.

SUMMARY


