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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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Globular Cluster M15
Hubble Space Telescope - Wide Field Planetary Camera 2

et
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Fig. 1.2. Age of the universe ¢y as a function of Hubble parameter Hy in infla-
tion inspired models with Qg + Q4 = 1, for several values of the present-epoch
cosmological density parameter €.
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Figure 2. Empirical family of SN Ia BVRI light curves parameterized by luminosity. This
family of light curves is derived in the same way as the families in figure 1 and shows the
differences in photometric behavior for bright and dim SN Ia. Intrinsically dim SN Ia rise
and fall faster in B and V than intrinsically bright SN Ia. For the R light curve, a “shoulder”
occurs ~ 25 days after B maximum in the bright SN Ia. This shoulder is weaker for dimmer
SN Ia and is absent for the most underluminous ones. In the I band, the bright SN Ia
have two maxima; one early (~ 5 days before B maximum) and one later (~ 30 days after
B maximum). As the luminosity of the SN Ia decreases the first maximum occurs later
and is broader while the second maximum is dimmer and occurs earlier. For the most
underluminous SN Ia, the two maxima merge into one maximum which is broad and occurs
~ 5 days after B maximum. Data shown as reconstructed, 91T=o0, 94ae=0, 86 G=X,91bg=0,
92A=+, 80N=A
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Figure 6: Hubble Diagrams for SN Ia with velocities in the COBE rest frame on the Cepheid
distance scale (Sandage et al 1994, 1996). All velocity errors are 300 km s™! reflecting a plau-
sible estimate of random velocities with respect to the Hubble flow. (a) Distances estimated
with a standard luminosity assumption and no correction for extinction. This method yields
7,=0.52 and Ho=52 + 8 (statistical) km s™' Mpc~!(b) Distances from the MLCS method
which makes a correction for intrinsic luminosity variation and total extinction as deter-
mined from the light and color curve shapes. This method yields 0,=0.12 and Ho=65 + 3
(statistical) km s~ Mpc™!.

39



A. Dekel, SS1 1998

2E

8 £ (a) 3
= E 2
g HE 3
L="1] = ]
s E E
= 25E HST E
3 Ok Tband  :
- = 3
5 26F =
A ~— 1
o E —3
27E =
2t

8 (b) 3
2 _E E
2 24 c
=111 = 3
g c E
w— 25 z— Ground-based —
3 E I band E
z E E
o 26F E
=) = -— E
o £ ~—_]
27 ;__. ettt -;::

g “F M © 3
2 = - 3
‘E 25F g 3
g E y 3
' E 1 E
v 26F i =
= E 3
2 E Rband 3
& 27 fPre-SN | ' =
34 Fobservation 3
! '-

-50 0 50 100 150
Observed days from peak

Figure 2: Photometry points for SN 1997ap (a) as observed by the HST in the F814W filter;
(b) as observed with ground-based telescopes in the Harris I filter; and (c) as observed with the
ground-based telescopes in the Harris 12 filter (open circles) and the HST in the F675W filter (filled
circle); with all magnitudes corrected to the Cousins I or R systems’®. The solid line shown in both
(a) and (b) is the simultaneous best fit of the ground- and space-based data to the K-corrected,
(1+ 2) time-dilated Leibundgut B-band SN Ia template light curve??, and the dotted line in (c) is
the best fit to a K -corrected, time-dilated U band SN Ia template light curve. The ground-based
data was reduced and calibrated following the techniques of ref 5, but with no host-galaxy light
subtraction necessary. The HST data was calibrated and corrected for charge transfer inefficiency
following the prescriptions of refs. 23 and 24. -corrections were calculated as in ref 25, modified for
the HST filter system. Correlated zeropoint errors are accounted for in the simultaneous fit of the
lightcurve. The errors in the calibration, charge transfer inefficiency correction and K-corrections
for the HST data are much smaller (~4% total) than the contributions from the photon noise. No
corrections were applied to the 1IST data for a possible ~4% error in the zeropoints (P. Stetson,
private communication) or for non-linearities in the WFPC2 response?®, which might bring the
faintest of the HST points into tighter correspondence with the best fit lightcurve in (a) and (c).
Note that the individual fits to the data in (a) and (b) agree within their error bars, providing a
first-order cross check of the HST calibration.
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COSMOLOGICAL PARAMETERS
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