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Observational Tests

Five Classic Tests

Luminosity-redshift relation D, -z Standard Candle

Angular size-redshift relation D, -z Standard Rod
Number-redshift relation N(z) Source counts with redshift
Number-magnitude relation N(m) Source counts with magnitude
Tolman test >(2) Surface brightness not distance independent

in Robertson-Walker geometry

Other tests are possible. E.g., one could in principle make an age-redshift test - if one could confidently measure ages of objects at cosmic distances.



* Luminosity-redshift relation
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Luminosity Distance-redshift relation
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During
Supernova

Example Standard Candle: ‘

Supernova

* Type la Supernovae Before

(as seen from:
Hubble Space
Telescope) °

- .
S V
Survey wide swath of sky, imaging
repeatedly over many nights,

looking for change. If you look at

enough galaxies, you'll see SN go
off.
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Perlmutter et al. (1998)
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* Luminosity-redshift relation

Hubble diagram

apparent magnitude vs. redshift

equivalent to distance modulus for standard candle

(M constant)

This example for Type la SN from the
Supernova Cosmology Project
(won the Nobel Prize in Physics in 2011)
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* Luminosity-redshift relation
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excluded non-zero cosmological constant,
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* Luminosity-redshift relation

Type Ia SN Hubble diagram
(more recent data)
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There is a LOT more to the history of this subject; see
https:/tritonstation.com/2019/01/28/a-personal-recollection-of-how-we-learned-to-stop-worrying-and-love-the-lambda/



* Angular size-redshift relation

Ideal case:
a Standard Rod

af Ob]eCt Of COﬂStant, knOWﬂ SIZC f ANGULAR-DIAMETER DISTANCE 137

angular extent & size

0=—
D A
Angular size distance Note that [
D, D,
DA D n Figure 7.3: An observer at the origin observes a standard yardstick, of known

(1 + Z)2 proper length ¢, at comoving coordinate distance 7.

" (1 +2)



* Angular size-redshift relation

Ryden Fig.

6.4

(2nd ed)
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Note that the
angular diameter
distance never
exceeds the Hubble
length.

Sometimes has a
maximum!

Figure 7.4: The angular-diameter distance for a standard yardstick with
observed redshift z. The bold solid line gives the result for the Benchmark
Model, the dot-dash line for a flat, lambda-only universe, and the dotted line

for a flat, matter-only universe.



Angular size can
have a minimum in
non-Euclidean
geometries because
of the divergence of
light rays. Beyond
the distance
corresponding to
this minimum size,
objects start to look
bigger again!

/‘

Observer

(H,/c)d,

For LCDM, the
minimum angular size

occurs aroundz ~ 1.6
at D, ~ 1.75 Gpc
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* Angular size-redshift relation Peebles Fig. 13.5

Angular Size-redshift relations

Flat cosmologies | Zero cosmological constant
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Initially objects decline in angular size with increasing distance, but this trend reverses at high redshift in the Robertson-Walker geometry!



¢ Aﬂglllar Size—redShift relati()n L..I. Gurvits et al.: The “angular size — redshift” relation f

Vedion ong. size vs. redshift
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Gurvits et al. (1999)
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angular sizes of compact
radio sources
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Fig. 10. Median angular size versus redshift for 145 sources (binned
into 12 bins, 1213 sources per bin) with —0.38 < a < (.18 and L -
10%° W/Hz. The solid lines correspond to the linear size parameter [h
22.7 pc, the Steady-state model (SS) and models of a homogeneous,
isotropic Universe with A = 0 and various shown values of ¢.. None
of the solid lines represents the best fit.
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* Number-magnitude relation

Hubble Ultra Deep Field
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Cosmic Volume

Robertson-Walker metric

d 2
ds? = = i+ (1) | - rk ~ + r2(d6” + sin® 0dgp?)
— Kr

Volume

\ r del’ T | 27
V=a sinf@df | dg¢
0\ 1 —kr2 Jo 0

An open universe (2, < 1) is “bigger” than a closed universe (€2, > 1)

3 | sin7!r \/1—r2
2

integrates to 5 3 1
r r
dr ;
V= ?(di’) J(r) f(r) = 1 for k=< 0
3 [vV1+7r2 sinh!'r 1
2 r2 r3 B



Cosmic Volume

in terms of the proper distance

h ” o dr
=a
’ Jo /1 — k2
we can make the Taylor expansion Sandage (1988, ARA&A, 26, 561)
) L /D 2 »\*
T k
V = —Dg l——( =) +0| £ — is the curvature
3 S R R R of space

Note that the volume increases as the curvature becomes more negative,
so a closed universe is “small”
and an open universe is “big”



Cosmic Volume

OBSERVATIONAL TESTS OF WORLD MODELS 575
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Note: decelerating cosmologies have “less”
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% — g < 0 to be a physical possibility

Figure I Theoretical N(z, ¢,) relations for three values of g,. Plotted is the integral count,
i.e. the total number of galaxies in a complete (volume-limited) sample that have redshifts
smaller than z. Parts (@) and (b) are the same function but plotted as log z (@) and z (b).



* Number-redshift and Number-magnitude relations

Since the volume depends on curvature, source counts N(m) provide a test

For sources of luminosities L and constant comoving number density ®(L),

et

homogeneity, no evolution

Number-redshift:

dL

4 L [T 3
N(<2z) = Z J O(L) 1+Ez(1+q0)

Number-magnitude:

o0

NC< ) = a2

1/2
L 3/2
d(L)|1-3H, [ — L34l
0

4rf

Historically, radio source counts in the 1960s played an important role in excluding the Steady State cosmology.



Peebles 13.8

Figure 138.
Counts as a
function of red-
shift. The ver-
tical axis is the
dimensionless
function F aﬁ?) in
dN[dz in equa-
gon (13.61).
The parameters
are arranged as
in figure 13.1.
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Yoshii & Peterson (1993)

No. 1, 1995 K-BAND FAINT GALAXY NUMBER COUNTS 19
TABLE 1
18 YOSHII & PETERSON Vol. 444 PrEDICTED NUMBER COUNT SLOPE AND REDSHIFT DISTRIBUTION OF BLUE-SELECTED FAINT GALAXIES"
COuNT SLOPE MEDIAN 2 4 Maxivum z__
6 | L A L L L e | 6 | I L O AL L I L PARAMETERS (B, - 17-24) (BJ = 23-24) (B, = 23-24)
5 3 arcsec aperture magnitude i 6| 3.5 arcsec aperture magnitude Q, Ao h No Evolution Evolution No Evolution Evolution No Evolution Evolution
§,=23.5 mag/arcsec’ | 5,-23.5 mag /arcsec? Model Predictions with No Isophotal Selection Effects
4 Dewa=1 arcsec D=1 arcsec 1 0 05...... 03822 043*992 0494290 0857024 176789 298* 120
secing=1 arcsec FWHN N 4" seeing=2 arcsec FWHM . 02 0 06...... 0.39'38} 043°5:8! 047139 06929 139299 256038
gb %" 5 . 02 08 08.... 04033} 044331 0452573 0627213 12523% 2347032
E, 3 n E S - Model Predictions with the Isophotal Selection Effects®
N
® B 1 + ‘ +0. -0. * *
an 2 . S — “3 5 : — 1 0 05...... 036993 0.40'993 0411590 062759 1152000 241041
g 1.6F 7] g 2 : i - 02 0 06...... 0371301 0407552 040370 0542903 1040 0% 1.53203%
- = | | ; - = I 02 08 08... 039391 0421598 0.3915-%0 0.50:%-92 097:2% 1254092
- S 3 * b b
a 1 x [ - w 1 o '; 1 - Observational Results®
2 § [ 2 a - 3
o 08¢ i s 05 1 7 042 + 0.01 047 + 0.05 1-1.5
O l . v | : 1 _
i. o} 0 z  oF 3 * The range of uncertainty in predicted quantities is set by separate sum of ( + ) and ( —) changes of each quantity due to the
= [ g g : { changes of input parameters from our standard choice in the model, i.c., the redshift of galaxy formation z, = 5 - 10, the UV
-1 -05 . ~05f R strength parameter x = 0.2 — 0, the UV SED N3379 -+ N4649, the Pence's galaxy mix — the Tinsley’s mix, the luminosity
! T T L ahalalalad N function slope index @ = — 1.1 <+ — 1.3, and the Hubble constant h — 1.
8 10 12 14 16 18 20 22 24 ﬁ L B 10 12 14 16 18 20 22 24 ® The isophotal magnitude scheme and the observational conditions of 1°S FWHM secing, S, = 27.5 mag arcsec %, and
- i i | L's 1993 i '
_28 ll0 . 112 \ 114 N 1l i ,116,1 210 L 2% ] 2l4 ) 216 _28L _;110. 2 112 . 114 , 11 ) 118 ) 210 . 212 , _21; . _2|6 g;;,puz;ma:ne:::g::‘z;;h;gror:zz:‘n;o:ﬁ;T with Colless et al's LDSS-2 redshift measurements of galaxies
K (m a ) ¢ y is taken from Jones ct al. 1991 after their estimate on the total magnitude scheme is converted into that on the isophotal
e K (mag) magnitude scheme using y{total) — yisophotal) = 0.02. z,._, and z,,,, are taken from Colless et al. 1993,
FiG. 2a FiG. 2b

“we find that these number count data favor a flat, low-density {2, ~ (.2 universe with a nonzero cosmological constant.”




