
 

3 Dark Matter
3 1 Evidence for DM

Galaxy Rotation Curves
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Conclusion toexplain the large orbital
velocities far away from the Galactic center

postulate existence ofextra matter
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kineticenergy growpotentialShea fromDoppler energyshifts

from brightness

Observation I Ekin 170 I Epot

Universe becomes transparent

Thermal radiation present at this epoch can

still be observed today
T at recombination was 00 lev 13.6ev because

the high E tail ofthephoton distribution combined

with ur upe 101 kept e and pt apart
for layer
Today photons havebeen redshifted to

To 2.73 K



Tiny fluctuations in T across thesky from
primordial quantum fluctuations can be
observed on the CMB

The primordial plasma oscillates as matter

is drawn towards overdense regions falls in

getspushed back by radiation pressure etc

CMB power spectrum
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in galacticcoordinates
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Peaks correspond to maxima minima ofthe

oscillations ofthe primordialplasma



For instance First peal around l 100 corresponds

to an oscillation mode whose oscillations were

interrupted by recombination when it had
reached its

first maximum

More DM tends to suppressthe peals because photons

have to travel out of deeperpotential well
more gravitational redshift

structurefamation

GS.ee Sangam Lecture

Primordial density fluctuations from the CHB

calculate subsequent evolution of
fluctuations

until today wherethey have
evolved into

galaxies

compare predicted
distribution ofgalaxies

to observations to constrain propertiesof DM

Conclusion DM should be non relativistic

early on



3 2 DM candidates Overview

Weakly Interacting
Massive Particles WIMPS

Axions

Sterile Neutrinos

Primordial black holes


