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Is the Universe

> Open or Closed?

* Bound or Unbound”’ .

Avishai Dekel
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COSMOLOGY

Homaqenuﬁtq > RW metric
ds' = dt - () [dr' 50 du')

o Hubble QXFahS{on; H: a/a

o Deceleration: (i = é’iC’L/C'i\Z
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Dark Matter and Structure Format-on

Table 1.2. Theoretical Framework: GR Cosmology

11

GR: MATTER TELLS SPACE CURVED SPACE TELLS
HOW TO CURVE, MATTER HOW TO MOVE.

(E) R* — 1Rgm = —8xGT™ — Agh

COBE - Copermcus Th: If all observers measure nearly 1sotropic CBR, then
universe is locally nearly homogeneous and isotropic - i.e. , nearly FRW
a? 8« kA
F —=—Gp—- =+ =
RW E(00) i Gp =t 3
2a a k
FRW E(ii) — + & = —8xGp - = + A
@ ¢ ¢ Ho = 100hkms™ Mpc
50hso km s~ Mpc 2

Uil

E(00 k a
___}(v_g)_ﬁ I_Qomgz-}-QAWlthHD“;:; aOEIﬁ QO:p’QA_EﬁT’

pe = 22— 0.70 x 10'1A2Z, M, Mpc—2

E(11) — E(00) = % = _i—er — 8rGp + gz\

.
Divide by 2F(00) = ¢o= — (E a_) - &_ — Q4
0

a a? 2
Y5a [87 k $a[Q Kk 3
E(O’U)'—*to—/o? ?GP——*{— ] - Hy / [ W--HZA
to = Hy' f(Q, Q) Hy' = 9.78h G yr f(1,0) =2
f(0,0) =1
f(0,1) = 00
[E(00)a®) vs. E(ii) = -(:%(pas) = ~3pa® (“continuity”)

Given eq. of state p = p(p), integrate to determine pla),
integrate E(00) to determine a(t)

Examples: p 0= p=poa3 (assumed above in gq, ) egs.)
p

r = g,k:0:>pcxa“4
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Table 1: Estimates of 2y

Global Measures Inflation, Occam Qu + 024 =1 (Qm =1, Q4 =0) H
» Lum. distance SNla —()(% < O — 0 < L (90%) L
Fleat-Q5—019(95%) p.|
s Lens Counts Flat Q,, > 0.34 (95%) H
* CMB Peak Qe + 24 < 1.5 (95%)
Qm + 24 > 0.3 H
s Hoto Qm — 0.7 < 2 (likely ~ 1) H
Virialized Objects . (M/L)L Qm ~ 0.25 (0.1 - 1.0) L
» Baryon fraction thééz ~ 0.3 - 0.5 (low—high €;) L
Cosmic Virial Th. Point mass Qy, ~0.2 (halos — 1) L
Local Group Point mass Q,,, ~0.15 (halos +0.7) L
Large-Scale; Flows # Peculiar velocities Qm > 0.3 (95%) H
Q%02 =08+0.2 (8 ~1.05°
Redshift Distortions (3, ~0.5—1.1 H
* Velocity vs Density 8, ~ 0.5 — 1.0 (scale dependent) H
Bo~ 0.4—0.8

Cluster Abundance  Qm° %05 ~0.5-0.6 (3, ~0.7~0.8°) H

Fluct. Growth Cluster Morphology 2y, > 0.2 (?)
Galaxy Formation ?
Pi(p) vs C CDMn=1b=1: Qnunhes ~ 0.3 L
¢ Pr(v) vs C; CDM flat: Qpuhesn? ~ 0.7 £ 0.1 H

% gg is the rms mass density fluctuation in a top-hat sphere of radius 8 h~!Mpc.
b 3=Q0%%/b, b, for IRAS galaxies, b, for optical galaxies.
©bo/b; ~1.3, b, ~1/0s.
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