


Table 1.1: CosMIC INVENTORY

Component Q (p/pc)

Dark Energy 0.691 + 0.006
Matter (baryonic and non-baryonic) 0.312 +0.009
Baryons (Total) 0.0488 + 0.0004
Baryons in stars and stellar remnants ~ 0.003
Neutrinos ~ 0.001

Photons (CMB) 5x10°




WHERE DID THE MATTER G0O;

e S 7 Betrayed by

Lo AR 4 Astronomers think they may have found where the bulk

f of the normal matter in the universe lurks: not in galaxies

704, S 4 but in a form of intergalactic gas (mostly hydrogen)
LY ’ called the warm-hot intergalactic medium, or WHIM.
B i The name connotes that the gas is less than blazingly
. ' - hot and, consequently, glows too feebly to see directly.

Looking in the interstices of a giant filament dﬁf&i
called the Sculptor Wall, astronomers saw, in essence

ﬁ:eWHIMsshadow-thegasabsorbedx-mﬁunq
badgmundob:ectatadnsumuve vavele gth.
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ROTATION CURVE AND GEOMETRY OF M3l

| =5 BT

200

SOUTH PRECEDING
a OPTICAL, R>12 XpC

RADIAL DISTANCE (kpc)

Roberts & Whitehurst 1975




Rotational speed (km/s)

350

N
o)
o

150

o)
o

NGC 4984

NGC 4378
NGC 3145

\Milky
NGC 1620 Way

NGC 7664

0 O 10 15 20 29

Distance from galactic center (kpc)



V. kms

300

250

200 —

150

100

20

r kpc

60

100

Deason+ 2012







Milky Way globular clusters

MCOs with global mass estimate
MCOs with mass distribution modelling
elliptical galaxies

bulges of spiral galaxies

dwarl spheroidal galaxies
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NASA, ESA, and
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the Hubble Heritage Team (STSCVAURA)
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galaxy

galaxy cluster
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lensed galaxy images
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Gravitational lensing gives extra insight

A Cosmic Eye, z = 3.073
’

-
-

Cosmic Horseshoe, z = 2.379 Smiley, z = 0-97




DEFLECTION OF LIGHT RAYS CROSSING THE UNIVERSE, EMITTED BY DISTANT GALAXIES

SIMULATION: COURTESY NIC GROUP, 8. COLOMBIL, IAP,
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Planet searches

Star and planet act as microlenses
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Gravitational lensing gives extra insight

A Cosmic Eye, z = 3.073
’

-
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Cosmic Horseshoe, z = 2.379 Smiley, z = 0-97
















