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Why is Cosmic Acceleration / 
Dark Energy Important? 
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Youbetcha 
Katie, I believe 

in Dark Energy – 
we can see it 
from Alaska! 
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The Consensus Cosmology 
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Rests upon three mysterious pillars 
All implicate new physics! 



Cannot Understand Our Cosmic 
Destiny Until We Understand What 

Dark Energy Is! 

In the Presence of Dark 
Energy, a Flat Universe 
Can Expand Forever,  
Re-collapse, or Even 
Experience a Big Rip! 



What do we know? 

with increasing assumptions 

Michael S Turner 



Robertson-Walker metric, no 
Friedmann equation, 
q(z) = -d2R/dt2/RH2 

•  Five-sigma evidence for a period 
with q(z) < 0 (acceleration) 

•  Three-sigma evidence for a 
period with q(z) > 0 

lC. Shapiro & M.S. Turner, Ap J 649, 543 (2006)
rner 
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w = -1.05 ± 0.06 

Sullivan et al 2011 

Constant w dark energy 
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w = -1.07 ± 0.08 

Sullivan et al 2011 

Constant w dark energy 
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Benson et al 2011 (SPT) 

w = -0.97 ± 0.06 

Constant w dark energy 
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wa = -0.98 ± 1.1 w0 = -0.91 ± 0.2 

w = w0 + wa(1 – a) 
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ΩΛ = 0.727 ± 0.015 



So, it’s Lambda??!## 
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Λ 
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Why isn’t lambda good enough? 
Short answer: no good theory for it! 





G + Λ = 8πT 
Geometry          Matter 

 
Einstein added 

optional Λ 
 

Λ  ßà  Tvacuum 
 

QM vacuum energy 
problem known 

since 1930s (Pauli), 
 

Tvac not optional! 



The Gravity of 
Nothing 

Is Repulsive 
 

… But How Much Does 
Nothing Weigh?  

  
Apparently, Way Too Much 

or Possibly Nothing 
 

to be more precise, the 
answer is nonsensical 

(infinite) – not as bad as a 
finite answer that is off by 

orders of magnitude 

ρvac ≈ 3 x 10-11 eV4 



Vacuum Energy and 
Supersymmetry 

•  SUSY à quantum 
vacuum energy = 0 

•  Our world is not 
supersymmetric 

•  Broken SUSY à ρvac ~ 
O(MSUSY

4) 
•  NB:  don’t known if 

SUSY is broken or 
how? 

•  C. Burgess (PI): mm-
size extra dimensions? 



The Cosmic Landscape of 
Superstring Theory  

•  M-theory à 10500 vacua 
•  ρvac~ O(mPl

4) ± O(mPl
4) 

•  Universe has a 
multiverse structure & 
we were lucky 
(narcissistic principle) 

•  Testable?? 
•  Extravagant solution!   



Now we have two puzzles: 
 

Why does nothing weighs so little? 
& 

What is dark energy? 
 

Puzzles could be related or unrelated! 





The theory menu 

•  Vacuum energy (see above) 
•  Rolling scalar field 

(quintessence) 
•  Very elastic topological defects 
•  Modified gravity 
•  Dark energy/dark matter 

models 
•  Hole in the Universe 
•  ?? 
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≈ -1 

Theorists:  
When in 

doubt, just 
add a 

scalar field 
≈ -1 









“Old Gravitational Physics” hitherto 
undiscovered aspects of GR 

•   Primordial inflation explains why the universe is 
accelerating today, E. W. Kolb, S. Matarrese, A. Notari, 
A. Riotto (astro-ph/0503117) 

•   On cosmic acceleration without dark energy, E.W. Kolb, 
S. Matarrese, A. Riotto (astro-ph/0506534) 

•    Comments on Backreaction and Cosmic Acceleration, 
E. Kolb, S. Matarrese, A. Riotto (astro-ph/0511073) 

•  Cosmological background solutions and cosmological 
backreactions, E. Kolb, V. Marra, S. Matarrese, (arXiv:  
0901.4566) 

Hole in the Center of the Universe 
Bondi-Tolman (spherically symmetric soln) 

à Large decrease in H0 at z ~ 1 



Birther:    A conspiracy theorist who believes that 
Barack Obama is ineligible for the Presidency of the 
United States, based on any number of claims related 
to his place of birth, birth certificate, favorite birthday, or 
whether or not he has heard the song Africa by Toto.  
Birthers also believe cosmic acceleration is part of the 
very same conspiracy. 



Generic description 
•  Defining feature of dark energy:  large negative 

pressure, smoothly distributed which leads to 
repulsive gravity 

•  Described by equation-of-state parameter w 

1.  Not necessarily constant 
2.  Vacuum energy = -1 
3.  Quintessence -1 to 1 
4.  Ghostly quintessence < -1 (ρDE increases with time) 
5.  w = w0 + wa(1 – a) 

w   =   pressure/energy density 
 

ρDE  ~  (1 + z)3(1+w) 
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Moving forward: looking for clues 



“Breaking lambda” 

WFIRST 
•  w ≠ -1 (Q, MG, TD) 
•  wa ≠ 0 (Q, MG) 
•  “Early dark energy” (Q, 

MG) 
•  Growth of structure (MG) 
•  Gravitational lensing 

(MG) 

Elsewhere 
•  Solar system anomaly 

(MG) 
•  New long-range force (MG, 

Q) 
•  Clustering dark energy (Q) 
•  Dark matter/dark energy 

coupling (Q, MG) 
•  SZ kinetic (Hole in U) 

Michael S Turner 
Q = quintessence, MG = modified gravity, TD = topological defect 



Important 
clue or 

coincidence? 
At the very 

least, we can 
now say that 
cosmology 
is the battle 
between two 
dark titans 



Dark energy/cosmic 
acceleration is a big deal 

Pillar of the consensus cosmology 
Controls destiny of the Universe 

Involves an age-old problem 
New physics (dark energy) 

New gravity? 
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Could be ours to solve, or 
a problem for the 22nd century discovered 

by accident in the 20th century 


