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Lecture 36Lecture 36
Structure in the Universe: Structure in the Universe: 
How to make galaxies?How to make galaxies?
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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

** 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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Transforming hydrogen into heliumTransforming hydrogen into helium

•• Hot big bang: Hot big bang: neutronsneutrons and and protonsprotons

•• Use a multi step procedure:Use a multi step procedure:
** p +  n  p +  n  ®® 22H H 

** p + p + 22H H ®® 33HeHe

** n + n + 22H H ®® 33HH

** 33He + He + 33He He ®® 44He + 2 pHe + 2 p

•• some side reactions:some side reactions:
** 33He + He + 33H  H  ®® 77Li Li 

** 33He + He + 33He He ®® 77Be Be 
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Mass gap/stability gap at A=5 and 8Mass gap/stability gap at A=5 and 8
•• Reaction chain:Reaction chain:

** 44He + He + 44He  He  «« 88B*  B*  

** 88B*  + B*  + 44He  He  ®® 1212CC

•• soso--called 3called 3--body reactionbody reaction

•• in order to have 3in order to have 3--body reactions, high body reactions, high 
particle densities are requiredparticle densities are required
** densities are not high enough in the bigdensities are not high enough in the big--bangbang

** but they are in the center of evolved starsbut they are in the center of evolved stars

•• Conclusion: big bang synthesizes elements up Conclusion: big bang synthesizes elements up 
to to 77Li. Higher elements are formed in starsLi. Higher elements are formed in stars
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Pr imordial Pr imordial nucleosynthesisnucleosynthesis

Result:Result:

•• abundance of abundance of 
H,He and Li H,He and Li 
is consistentis consistent

•• but:but: WWbb ~0.04~0.04

Consistent with Consistent with 

abundanceabundance

of  H, He and Liof  H, He and Li
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The four  forces of natureThe four  forces of nature

•• GravityGravity
** weak, long rangedweak, long ranged

•• electromagnetismelectromagnetism
** intermediate, long rangedintermediate, long ranged

•• weak nuclear forceweak nuclear force
** weak, short rangedweak, short ranged

•• strong nuclear forcestrong nuclear force
** strong, short rangedstrong, short ranged

electroweakelectroweak forceforce

(at T > 10(at T > 101515 K)K)
GUT: grand GUT: grand 
unified theoriesunified theories

(at T > 10(at T > 102929 K)K)



Astronomy 201 Cosmology - Lecture 36 7

•• 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 elements The 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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Some open questionsSome open questions

•• Precise determination of the cosmological Precise determination of the cosmological 
constants (constants (HH0 0 , , WW0 0 , , WWLL ))

•• What is the cosmological constant What is the cosmological constant LL ??

•• The flatness problemThe flatness problem

•• discrepancy between discrepancy between WWmassmass (~ 0.3) as (~ 0.3) as 
determined by the joint gravitational determined by the joint gravitational 
attraction and attraction and WWbaryonbaryon (~ 0.04) as determined (~ 0.04) as determined 
by primordial by primordial nucleosynthesis nucleosynthesis 

•• unification of forces, in particular quantum unification of forces, in particular quantum 
mechanics and gravitymechanics and gravity
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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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The Hubble sequence of galaxiesThe Hubble sequence of galaxies
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A galaxy census: spiral galaxies  A galaxy census: spiral galaxies  
•• Most common type among the luminous Most common type among the luminous 

galaxies (~75%)galaxies (~75%)

•• two major classes, two major classes, SS and and SBSB
** regular spirals (regular spirals (SS))

** barred spirals  (barred spirals  (SBSB))

•• further classified from further classified from aa to to dd according to according to 
the bulgethe bulge--toto--disk ratiodisk ratio
** aa: very large, prominent bulge: very large, prominent bulge

** dd: essentially no bulge at all: essentially no bulge at all

•• The Milky Way is a The Milky Way is a Sbc Sbc or a or a SBbcSBbc galaxygalaxy
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A galaxy census: spiral galaxies  A galaxy census: spiral galaxies  
•• Spiral galaxies are disk like and in Spiral galaxies are disk like and in 

centrifugal equilibriumcentrifugal equilibrium

•• The are “cold” , i.e. the velocity dispersion The are “cold” , i.e. the velocity dispersion 
(random motion of individual stars) (random motion of individual stars) ss is is 
much smaller than the rotation velocity much smaller than the rotation velocity vvrotrot

(Milky Way: (Milky Way: ss =20 km/s=20 km/s; ; vvrotrot=220 km/s=220 km/s))

•• They mainly consist of stars, but ~10% of They mainly consist of stars, but ~10% of 
the mass is gas and dustthe mass is gas and dust

•• They actively form stars (Milky Way: ~ 1 They actively form stars (Milky Way: ~ 1 
star per year)star per year)
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A galaxy census: elliptical galaxies  A galaxy census: elliptical galaxies  
•• ~20% of the luminous galaxies are ~20% of the luminous galaxies are ellipticalsellipticals

•• classified according to the flattening E0classified according to the flattening E0--E7: E7: 
n=10n=10´́ (1(1--b/a)b/a)
** E0: circularE0: circular

** E7: minor axis only 30% of major axisE7: minor axis only 30% of major axis

•• They are “hot” , i.e. the velocity dispersion They are “hot” , i.e. the velocity dispersion ss is is 
much larger than the rotation velocity much larger than the rotation velocity vvrot rot 

•• flattened by an flattened by an anisotropic anisotropic velocity dispersionvelocity dispersion

•• little gas, no recent star formationlittle gas, no recent star formation

•• predominantly in clusters of galaxiespredominantly in clusters of galaxies
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A galaxy census: other  galaxies  A galaxy census: other  galaxies  

•• Irregular galaxies (~ 5% of the luminous Irregular galaxies (~ 5% of the luminous 
galaxies)galaxies)

•• dwarf galaxiesdwarf galaxies
** dwarf irregularsdwarf irregulars

** dwarf dwarf spheroidalsspheroidals

** dwarf dwarf ellipticalsellipticals

** blue compact dwarfsblue compact dwarfs

** ......
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Toomre Toomre && Toomre Toomre 
(mid 70s)(mid 70s)
•• 11 out of the 4000 galaxies 11 out of the 4000 galaxies 

in the in the New General CatalogNew General Catalog
(NGC) show indications of(NGC) show indications of
recent interactions (e.g. tails)recent interactions (e.g. tails)

•• Those tidal features last a few 10Those tidal features last a few 1088 yearsyears

•• Over the age of the universe, several Over the age of the universe, several 
hundred of those interactions must have hundred of those interactions must have 
taken placetaken place

•• There are several hundred elliptical galaxies There are several hundred elliptical galaxies 
in the NGCin the NGC
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Do Do ellipticals ellipticals form by merging form by merging 
spirals ?spirals ?
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Younger  galaxies should be smaller  ...Younger  galaxies should be smaller  ...
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How good is the assumption of How good is the assumption of 
isotropy?isotropy?
•• CMB: almost perfectCMB: almost perfect

•• but what about the closer neighborhood ?but what about the closer neighborhood ?
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How good is the assumption of How good is the assumption of 
isotropy?isotropy?
•• CMB: almost perfectCMB: almost perfect

•• but what about the closer neighborhood ?but what about the closer neighborhood ?

The great The great 

wallwall
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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  ?


