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Lecture 37Lecture 37
Dark matter  in the Dark matter  in the 
Universe I : Universe I : 
Weighing the Universe Weighing the Universe --
let's have a recountlet's have a recount
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•• Until mid 60ies: big bang model very Until mid 60ies: big bang model very 
controversial, many alternative modelscontroversial, many alternative models

•• After mid 60ies: little doubt on validity of After mid 60ies: little doubt on validity of 
the big bang modelthe big bang model

•• Four pillars on which the big bang theory is Four pillars on which the big bang theory is 
resting:resting:
** Hubble’s law Hubble’s law üü

** Cosmic microwave background radiation Cosmic microwave background radiation üü

** The origin of the elementsThe origin of the elements üü

** Structure formation in the universeStructure formation in the universe

General acceptance of the big General acceptance of the big 
bang modelbang model
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Structure formation in the BigStructure formation in the Big--Bang Bang 
modelmodel
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Some questions to ponder  ...Some questions to ponder  ...

•• What are the cosmological parameters ?What are the cosmological parameters ?

•• Why are some galaxies spirals, some Why are some galaxies spirals, some 
ellipticals ellipticals ??

•• How do galaxies form from the wrinkles we How do galaxies form from the wrinkles we 
see in the CMB maps ?see in the CMB maps ?

•• Can we explain the cosmic web ?Can we explain the cosmic web ?



Astronomy 201 Cosmology - Lecture 37 5

The Hubble sequence of galaxiesThe Hubble sequence of galaxies
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Do Do ellipticals ellipticals form by merging form by merging 
spirals ?spirals ?
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The large scale structure of the The large scale structure of the 
UniverseUniverse
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•• Galaxies are not randomly Galaxies are not randomly 
distributed but correlateddistributed but correlated

•• Network of structures Network of structures 
(filaments, sheets, walls(filaments, sheets, walls))
�� ““ cosmic webcosmic web””

The spatial distr ibution of galaxiesThe spatial distr ibution of galaxies

Courtesy:Courtesy: HuanHuan LinLin
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Does a picture like this look Does a picture like this look 
familiar  ?familiar  ?
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How does structure form ?How does structure form ?

•• Wrinkles in the CMB: regions of higher and Wrinkles in the CMB: regions of higher and 
lower temperaturelower temperature

•• Those regions correspond to Those regions correspond to density density 
fluctuationsfluctuations, regions of slightly , regions of slightly 
higher/lower density than averagehigher/lower density than average

•• Gravitational instabilityGravitational instability
** higher density higher density �� more mass in a given volumemore mass in a given volume

** more mass more mass �� stronger gravitational attractionstronger gravitational attraction

** stronger gravitational attraction stronger gravitational attraction �� mass is mass is 
pulled in  pulled in  �� even higher density even higher density 
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Q: How can we boost galaxy formation ?Q: How can we boost galaxy formation ?

A: by adding massA: by adding mass
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Measur ing the mass of the Measur ing the mass of the 
Universe in terms of Universe in terms of WWWWWWWW00
•• rr critcrit == 88´́ 1010--3030 g/cmg/cm33 »» 1 atom per 200 liter1 atom per 200 liter

•• density parameterdensity parameter WW00

** WW00 ==11:: flat space, forever expanding (open)flat space, forever expanding (open)

** WW00 >>11:: spherical geometry, spherical geometry, recollapsing recollapsing (closed)(closed)

** WW00 <1<1:: hyperbolic geometry, forever expandinghyperbolic geometry, forever expanding

•• currently favored model:currently favored model: WW00 = 0.3= 0.3
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How can we measure How can we measure massmass ??

•• Count all the mass we can “see”Count all the mass we can “see”
** tricky, some of the mass may be hidden …tricky, some of the mass may be hidden …

•• Using Using Kepler’sKepler’s third law: measure the third law: measure the 
dynamics of a system and apply dynamics of a system and apply Kepler’s Kepler’s 
law to infer the masslaw to infer the mass
** for hot systemsfor hot systems (elliptical galaxies, clusters of (elliptical galaxies, clusters of 

galaxies): measure the velocity dispersion galaxies): measure the velocity dispersion 
(random velocity) of the constituents(random velocity) of the constituents

** for cold systemsfor cold systems (disk galaxies): measure the (disk galaxies): measure the 
velocity at which stars orbitvelocity at which stars orbit
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Counting all the mass ...Counting all the mass ...

•• Obstacle: Obstacle: we want mass, but we see lightwe want mass, but we see light

•• Procedure:Procedure:
** count all the stars you see and multiply them count all the stars you see and multiply them 

with there luminosity with there luminosity �� total visible luminositytotal visible luminosity

** correct for dust absorption correct for dust absorption �� total luminositytotal luminosity

** convert luminosity into mass using a massconvert luminosity into mass using a mass--toto--
light ratiolight ratio

** The sun has The sun has YY =1=1 by definition.by definition.
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Overall result:Overall result:

Implications:Implications:

•• less than the less than the nucleosynthesis nucleosynthesis constraint of constraint of 
WW=0.04 =0.04 in baryons in baryons �� consistentconsistent

•• Most of the baryons in the universe (~75%) Most of the baryons in the universe (~75%) 
do not shine [are too dim to be detected]do not shine [are too dim to be detected]
** gas and dustgas and dust

** stellar remnants (white dwarfs, neutron stars, stellar remnants (white dwarfs, neutron stars, 
black holes)black holes)

** brown dwarfs [failed stars]brown dwarfs [failed stars]

01.0@W* 01.0@W*
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Evidence of dark matter : Evidence of dark matter : 
rotation curves of spiral galaxiesrotation curves of spiral galaxies
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Fr itzFr itz Zwicky Zwicky 

He measured the He measured the 
velocities of galaxies velocities of galaxies 
in galaxy clusters in galaxy clusters 
and concluded that and concluded that 
most of the cluster ’s most of the cluster ’s 
mass must be darkmass must be dark
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Evidence of dark matter : Evidence of dark matter : 
XX--ray clusters ray clusters 
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Evidence of dark matter : Evidence of dark matter : 
clusters of galaxies clusters of galaxies 
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Evidence of dark matter : 
large scale flows
Evidence of dark matter : Evidence of dark matter : 
large scale flowslarge scale flows
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Overall result:Overall result:

Implications:Implications:

•• most of the mass in the Universe is darkmost of the mass in the Universe is dark

•• most of it is even of nonmost of it is even of non--baryonic originbaryonic origin

•• the perfect Copernican principlethe perfect Copernican principle
** The Earth is not at the center of the solar systemThe Earth is not at the center of the solar system

** The Sun is not at the center of the Milky WayThe Sun is not at the center of the Milky Way

** The Milky Way is not at the center of the UniverseThe Milky Way is not at the center of the Universe

** We may not even be made from the most abundant We may not even be made from the most abundant 
type of matter in the Universe type of matter in the Universe 

3.0»W* 3.0»W*


