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EERUfoation grewin




EERUfoation grewin
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“Dark matter”
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shronologicall overview
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:‘Dark Matter in cluster
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Zwicky (1933): Coma cluster of galaxies

Virial theorem for a bound system in gravitational equilibrium: GM/r ~ <v*>
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Radius R _von _ca. einer Million Lichtjahren (gleich 1024 cm) und
enthilt 800 individuelle Nebel von je emner Masse entsprechend
10° Sonnenmassen. Die Gesamtmasse M des Systems ist deshalb

M ~800 x 10° x 2 X 10% = 1.6 x 1043 gr. (5)
Daraus folgt fiir die totale potentielle Energie £:
2 = SIEL r ol - (6)
o R
I" = Gravitationskonstante
oder :
%, = Q/M ~— 61 x 102 cm® sck~? (7)

und ‘weiter ‘
2 = 07/2 = — £,/2 = 82 X 10'? cm? sek~?

(%)% = 80 km/sek .

\V/I

Rotverschiebung extragalaktischer Nebel. 125
Um, wie beobachtet, einen mittleren Dopplereffekt von 1000
km/sek oder mehr zu erhalten, miisste also die mittlere Dichte
im Comasystem mindestens 400 mal grisser sein als die auf Grund
von Beobachtungen an leuchtender Materie abgeleitete!). Falls
sich dies bewahrheiten sollte, wiirde sich also das iiberraschende

Resultat ergeben, in sehr viel grosserer Dichte
vorhanden ist als leuchtende Materie.

Fic. 3.—The Coma cluster of nebulae

in te Coma, cluster would be of the order

(37)

as compared with about 4’ = 3 for the local Kapteyn stellar system.

Y = 500,




Coma cluster

optical light
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optical (stars) + thermal X-ray (10~keV gas)
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optical (stars) + thermal X-ray (10~keV gas) + radio 0.3-3
mm (SZ Compton upscattering of CMB photons by hot gas)
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90% of baryonic mas
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http://d1jqu7g1y74ds1.cloudfront.net/wp-content/uploads/2012/02/HubbleGalaxyArc.jpg
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http://apod.nasa.gov/apod/image/0909/abell370_hst_big.jpg







A. Tyson
Conclusion: in clusters, M(dark)/M(baryon) ~ 5

N

(stars+gas)
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The “Bullet Cluster”: X-ray gas and dark matter are separated in
collision between two clusters;

Dark matter is weakly interacting, and following the galaxies
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Da[k Viatter in Galaxies

m If only visible matter is responsible for gravity,
v o r—1/2 peyond the visible edge

B Rotation curves tend to constancy beyond the
visible edge p(r) ccr72 = M o r

B Compatible with an isothermal sphere of non
relativistic matter.

20 30
Radius (kpc)
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Elliptical galaxies also have dark halos proportional to
their baryonic mass; would also have “flat” rotation curves
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VaeiRandrERergy, Content of our
Universe

Free Hydrogen
and Helium Heavy

Elements
Dark Matter

Neutrinos

i

Dark Energy
73%0

Quh> .. 0.022032 \0.02205 + 0.00028
AR 0.1199 + 0.0027
....... 1.04131 £ 0.00063

............ . 0.089+0012
........... . 0.9603 + 0.0073

..... . 308970024
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WVIONID - results
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Summary;
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