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Next…. 
 

PAST of the Universe:  
structure formation 
 
FUTURE of the Universe:  
what is its fate?  



Both our past and our future 
depend on amount of matter 

in Universe 
•  Past: Birth of galaxies and clusters 

– Matter provided the first tugs to assemble 
galaxies and clusters out of protogalactic 
clouds. Most of the mass is in dark matter. 

•  Future: Fate of the universe 
–  Is there enough total matter in the universe 

to reverse the expansion and pull the 
universe back together again? 



Formation of Structure 

•  In the beginning: 
– Density distribution mostly smooth but very 

small “ripples” exist in density 

– Gravity pulls together dark matter in slightly 
denser regions to form dark halos 

– “Light” matter radiates energy and sinks to 
the middle to form galaxies 



Numerical simulations of 
structure formation 

•  Simulations show that gravity of dark matter pulls 
mass into denser regions – universe grows lumpier 
with time 
–  Those “lumps” are galaxy clusters 





vs Real data Computer  
simulations 

• Agreement is generally pretty good! 
• Despite the fact that we don’t know what the DM is! 



Structures in galaxy observations look very similar to the 
ones found in models in which dark matter is WIMPs 



MILLENIUM 
SIMULATION
     movie 
https://www.youtube.com/watch?v=UC5pDPY5Nz4 



Lessons from Imaginary 
Universes 

•  Cold (Slow) dark matter 
works better than hot (fast) 
dark matter 

•  Neutrinos are too fast–  
structure would be 
smeared out 

•  What is slow and dark 
enough? We don’t know 
yet! 
–  Particle experiments under 

way….. 



What do we mean by “large-scale 
structures?” 

A.  Massive central dominant elliptical galaxies. 
B.  Massive spiral galaxies with star birth rates 

more than 100x that in the Milky Way 
C.  Supermassive black holes that reside at the 

centers of galaxies 
D.  Huge walls of galaxies and clusters of galaxies 
E.  The architectural structure that is the 

engineering building on SBU’s campus 

Clicker Question 
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The Fate of the Universe 

•  Expansion begins with the Big Bang (we’ll talk 
about this next week) 

•  At that point, everything in the universe is flung 
apart at outrageous speeds! 

 
•  Several different models for Past and Future 

depending upon the amount of dark matter 



 Some say the world will end in fire 
 Some say with ice 
 From what I’ve tasted of desire 
 I hold with those who favor fire 
 But if I had to perish twice 
 I think I know enough of hate 
 To say that for destruction ice 
 Is also great 
 And would suffice 

 --  Robert Frost (1874-1963) 

National Poet Laureate 



Predictions of General Relativity Theory (GTR) 
•  Einstein in 1917 realized GTR predicted universes in motion, 

but preferred `steady state’ – added `cosmological 
constant’ (CC) as repulsive force in space-time to counteract 
attractive force of gravity (A fudge factor!) 

•  Willem de Sitter (A, Dutch, 1917) solves GTR equations with 
no CC and low density of matter: showed universe must 
expand 

•  Alexander Friedmann (M, Russian, 1920) solves GTR with no 
CC but any density of matter: universe can expand forever, or 
collapse again, depending on mean matter density 

•  Georges Lemaitre (P, Belgian, 1927) rediscovers Friedmann 
solutions, told Hubble (observing redshifts since 1924) that 
cosmic expansion suggests more distant galaxies should have 
greater redshifts (Hubble publishes V = Hod  in 1929) 

•  Einstein visited Hubble in 1932, said CC was “the greatest 
blunder” of his career 



Very important diagram 
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The expansion rate of the universe is 
not necessarily constant for all time 

•  GRAVITY should SLOW 
expansion rate à 
deceleration 

•  Different models for 
different amounts of dark 
matter 
–  Let’s ignore accelerating for 

now 



Since gravity is what pulls everything 
back in, there must be a magic number 

•  Just the right amount of mass (in our current universe) to 
pull everything back together in an infinite amount of time 

•  Just like the exact escape velocity for a rocket fired up 

•  We call this exact amount of matter, the CRITICAL 
DENSITY 
~10-29 grams/cm3 = a few atoms in a closet 



Critical Universe 

•  Density of 
matter = 
“critical 
density” 

•  Will expand 
forever, but 
more and 
more slowly 
with time 

Flat Universe 



Recollapsing Universe 

•  Dark matter 
density is 
greater than 
“critical 
density” 

•  Expansion will 
stop in the 
future, will 
collapse back 
in 
–  Big Crunch 
–  Oscillations? 

Closed Universe 



Coasting Universe 

•  The universe 
has always 
expanded at the 
same rate  
(no deceleration 
due to gravity!) 

•  The age of the 
Universe = 1/Ho  

Open Universe 



Three models for fates of universe 

CLOSED 

OPEN 

FLAT 



Which model predicts the largest age for 
the universe today? 

A.   Recollapsing  
              (closed) 

B.   Critical 
              (flat) 

C.   Coasting 
              (open) 

Clicker Question 



• C.   Coasting 

•  Age of universe 
is how far to left 
curves hit 
horizontal axis 
(distance 
between 
galaxies = 0) 



Which model predicts the youngest 
age for the universe today? 

A.   Recollapsing  
              (closed) 

B.   Critical 
              (flat) 

C.   Coasting 
              (open) 

Clicker Question 



•  A.  Recollapsing 

•  Age of universe is 
how far to left 
curves hit 
horizontal axis 
(distance between 
galaxies = 0) 



Which model has the slowest future rate of 
expansion? 

A. Recollapsing 

B. Critical 
 
C. Coasting 
 

Clicker Question 
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•  Recollapse:  
– Crushing heat   
– Destruction of all matter    
– Rebirth? 

 
•  Eternal expansion:  

– Cold, galaxies dimming 
– Star formation slowing  
– Everything winds up as a brown dwarf, black 

dwarf, neutron star or black hole 

What is the fate of the Universe? 



Is there enough dark matter 
to recollapse the universe? 

Baryonic matter: only a few % of critical density 

Dark matter: only about 25% of what is needed 

 
The Universe will expand forever 

Which solution is realized? 

… and with an unexpected  twist… 



A New Twist for the 21st 
Century 

•  Scientists using white 
dwarf supernovae to 
measure distances 
discovered something 
quite strange 



Using supernovae to determine 
the fate of the Universe 

•  Redshifts of the 
supernovae gives 
their vertical 
position 
–  Space has 

stretched since 
they gave off their 
light 

•  Apparent 
brightness gives 
their horizontal 
position 
–  Dimmer=more 

distant = high 
lookback 



Supernovae are not consistent even with  
the expectations of a coasting universe!!! 

Universe is accelerating?!?! 



How can the universe be 
accelerating??? 

A force that counteracts gravity? 
 
“Dark energy”– outweighs every other form of 

mass/energy! 
 
Truly an unknown force in all of physics 
 
The Cosmological Constant actually exists! 

(“Einstein’s Greatest Blunder” ) 



Four models for fates of universe 

CLOSED 

OPEN 

FLAT 

ACCELERATING 



 
 Eternal expansion:  
 

– Cold, galaxies dimming 
– Star formation slowing  
– Everything winds up as a brown dwarf, 

black dwarf, neutron star or black hole 

The Fate of the Universe 



What is meant by “dark energy”? 

A.  The energy associated with dark matter through 
E=mc2 

B.  An unknown form of energy that counteracts 
gravity and causes the expansion of the 
universe to accelerate. 

C.  Any unknown force that acts like gravity 
D.  Highly energetic particles that are believed to 

constitute dark matter 
E.  The total energy in the universe after the Big 

Bang but before the first stars 

Clicker Question 
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At LAST: In the very Beginning… 


