
Dark Matter
ASTR 333/433

TODAY
WIMP dark matter

Power spectra

Homework 3
Due



CMB temperature fluctuations directly 
related to density fluctuations

Basic problem:  
not enough time for structure to grow.

Gravity will grow the observed large scale 
structure, but it works slowly.  Can’t get here 
from there in a Hubble time: need a factor of 
100,000 but only get 1,000. Cold dark matter 
speeds up the process while not overproducing 
the temperature fluctuations. 

δ ∝ a = 1091 since z = 1090
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There isn’t enough time to form the observed
cosmic structures from the smooth initial conditions unless there 

is a component of mass independent of photons.

t = 3.8 x 105 yr t = 1.4 x 1010 yr

very smooth:  δρ/ρ ~ 10-5 very lumpy:  δρ/ρ ~ 1

δρ/ρ ∝ a ∝ t2/3

a ∝ t2/3 scale factor behaves like Ωm = 1 in the early universe



http://space.mit.edu/home/tegmark/movies.html
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CMB temperature fluctuations directly 
related to density fluctuations

Fits to the acoustic power spectrum of the CMB strongly 
constrain cosmic parameters, assuming GR is adequate 
to describe the universe, which requires accepting the 
auxiliary hypotheses of dark matter and dark energy.

http://space.mit.edu/home/tegmark/movies.html


Acoustic power spectrum of the cosmic microwave background at z = 1090
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Planck CMB TT map



vary baryon density vary CDM density

CMB power spectra



|⌦K | < 0.005
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baryons a net drag CDM a net forcing term

k2Φ = 4πG(ργδγ + ρbδb + ρCDMδCDM)

Poisson equation for acoustic 
oscillations in the early universe (δi ≪ 1)



3rd peak strong evidence
for non-baryonic substance

unbinned data

binned data

Purely baryon-damped spectrum 
strongly excluded



H0
13 < Age < 14 Gyr

Age (open)

Age (flat)

⌦m

Planck constraint: ⌦mh3 = 0.0959± 0.0006

Expansion rate
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73.48 ± 1.66  (direct H0 measurement: Riess et al. 2018)



“Cosmologists are often wrong, but never in doubt”
- Lev Landau

Things we know for sure in cosmology: 

quantity c. 1990
WMAP5

2008
Planck
2018

Ωm 1 0.258±0.027 0.315±0.007

ΩΛ 0 0.742 0.685

Ωbh
2 0.0125

0.02273
±0.00062

0.02237
±0.00015

Ho 50 71.9±2.7 67.36±0.54

dark matter CDM CDM CDM



SUSY, WIMPs, and all that



Supersymmetry: a hypothetical new symmetry of nature

Every Standard Model particle has a superpartner.
The lightest stable massive superparticle is the most favored 
WIMP candidate.  Usually the neutralino (theory dependent).



Freeze out condition: nσ ≈ H

number density x cross-section = expansion rate

Relic density of particles determined by when they freeze out

HOT (relativistic) 
e.g., neutrino

COLD (non-relativistic) 
e.g., WIMP

Tν ≫ mν

TX ≪ mX

so number still around just depends on the photon density

Ωνh2 =
∑ mν

91.5 eV

particle-antiparticle pairs have time to annihilate, so

0.06 ≤ ∑ mν ≤ 0.12

current limits

neutrino 
oscillations

structure 
formation

n ∼ (mXT )3/2e− mx
T

ΩX

0.2
≈

xfo

20 ( 10−8 GeV−2

σ ) 20 ≲ xfo < 50
annoying quantum factor

Lee-Weinberg limit: mX > 2 GeV to not over-produce cosmic mass density

σ ∼
g4

m2
X

where g is the coupling strength 
(e.g., the weak nuclear force)



From review by Feng et al. linked from course review literature page.



From review by Feng et al. linked from course review literature page.

n ∼
(m

X T ) 3/2e − m
xT

strong interactions 
eliminate most particles

⟨σv⟩ “thermal cross-section”


