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The web of cosmological tests has grown richer and tighter bv far than anvthing
I dreamed of when I got into this game.

But I doubt physical cosmology at + < 10! is now complete. Here are some
points that argue this is more than wishful thinking.

1. We have no magic bullet. no one test that makes the case for the ACDM
cosmologyv. The case rests on an abundance of redundant tests.

2. We can t conclude that ACDMI. mavbe after fine tuning. is phyvsical reality
— we make progress bv successive approximation — we can onlyv be sure
that when \ACDNMI is replaced bv some deeper theorv the new one will
predict a universe that looks much like ACDMI.

3. The ACDNMI dark sector is vastly simpler than the visible sector. Might this
be because the dark sector phvsics is the simplest approximation we can
get awav at the present — still exceedingly limited — level of the tests?

4. We have no shortage of interesting puzzles to consider and some may lead
s to deeper phvsics. mavbe in the dark sector.
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Here 1s a ghacic bullet for an aspect of the
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Smail et al. WFPC2
image of the -cluster
Cl2244-02 at z = 0.33.
If the gravitational at-
fraction were centered
on the light it surely
couldn’'t produce the
smooth arc 1mage.
This demands dark
matter.

But the arc radius is
“onlv” 150 kpec. Might
Jupiters fill the inner
100 kpe. and a r~! law
explain what happens
at 1 Mpc?

We need more tests.
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Parameter Fiducial Measured iM-R)/o

Barvon density

BBNS k- 0.0227 0.0219 = 0.0015 -

Barvon budget 0 0012 ~ 0.005

Stellar evolurion ages fe. Gvr 13.6 12.34+ 1.0 HEH|
Disrance scale |
Disrance Ladder h 0.72 0.69 = 0.0 -
(Graviratrional lensine h 0.72 0.75 = 0.07 E
SNela distance modulus (= =1} 1.04) (.99 = .03 |—.I-}
Large-scale structure -
Matter power spectrum Q. h 0187 0.213 = 0.023 =N
Barvon acoustic oscillarion 0k 0.50 0.53 = 0.06 B
Drnamical mass estimates '
L

Galaxy velocities g 7 (.26 0.307 5 5~

Lensine around clusters L§ (.26 0.20 = 0.03 5 2l
Lensing autocorrelation ou{2>" .39 0.40 = 0.04 -
Galaxy count fuectuarion Talg) ().=(0) 1.50— .02
Rich clusters of galaxdes
Present mass function ogit = .19 0.43 =0.03 HH
Mass funetion evolurion T3 (.50 .95 = 0.10 -
(.26 .17 =005 = 2!
Cluster barvon fraction BV 2 /0. 0.103 0,007 = 0.004 il |
Barvon evolution Oy +1.112,, 1.03 1.2 +0.2 &
Lva forest 1. .06 0965 =0.012
Neutrino densiry €. h= = 0,02 0.001
ISW detected. at abour the fiducial prediction
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Smail et al WFPC2
image of the cluster
Cl2244-02 at z = 0.33.
[f the gravitational at-
traction were centered
on the light it surely
couldn’'t produce the
smooth arc image.
This demands dark
matter.

But the arc radius is
~“onlv™ 150 kpe. Might
Jupiters fill the inner
100 kpe. and a r~! law
explain what happens
at 1 Mpe?

We need more tests,
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The web of cosmological tests has grown richer and tighter bv far than anvthing
I dreamed of when I got into this game.

But I doubt physical cosmology at z < 10! is now complete. Here are some
points that argue this is more than wishful thinking.

1. We have no magic bullet. no one test that makes the case for the ACDMI
cosmologyv. The case rests on an abundance of redundant tests.

2. We can t conclude that ACDMI. mayvbe after fine tuning. is phyvsical reality
— we make progress bv successive approximation — we can onlyv be sure
that when \ACDNMI is replaced bv some deeper theorv the new one will
predict a universe that looks much like ACDMIL.

3. The ACDAMI dark sector is vastly simpler than the visible sector. Might this
be because the dark sector phvsics is the simplest approximation we can
get awav at the present — still exceedingly limited — level of the tests?

4. We have no shortage of interesting puzzles to consider and some may lead
11s to deeper phvsics. mavbe in the dark sector.
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Smail et al. WFPC2
image of the cluster
Cl2244-02 at z = 0.33.
If the gravitational at-
traction were centered
on the light it surely
couldn't produce the
smooth arc 1mage.
This demands dark
matter.

But the arc radius is
~“onlv” 150 kpe. Might
Jupiters fill the inner
100 kpe. and a r—!
explain what happens
at 1 Mpec?

We need more tests.
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6000: ' ’.' e In the spherical harmonic expansion
E i
5000:= i ] : 2
: ; ' = WMAP 3—year i T{6. o) = Z a; ¥;"(8.0).
‘.__f__uu.ul::_ i L » ACHAR -
& : i BOOMERANGO3 of the 3K CBR temperature as a function
2 3000: : of position i the skv the vanance of the
S a9 3 by skyv Temperature per Iogla.rit hmie %nten-'al of
E | ..." angular scale 3¢ ~ 7/ 1s approximately
1000 T4,
T\Lﬂ‘ﬁj’ _ I+,
0z -t - - — - T Pe= 2 ar ).
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4

2

The curve has 7 parameters: distance scale h. densities (A"

| ]

of barvons. ,,A- of
1 j \ 7 ~ =
dark matrer. and (constant) 2,h- of dark energy. primeval power spectrum power

law index n. and amplitude os. and optical depth o for scattering at low redshift.
The fit is impressive. but consider that

1: if the theoretical spectrum is smooth predictions at neighboring ¢ are not indepen-
dent. though I know of no wayv to quantify this:

2: we had a choice of theories — 1socurvature: strings. explosions — and chose ACDNM.

with dark matter and dark energv. because it is the most successful: we had more
freedom of adjustment than the 7 parameters:

3

3: at 2.3 7 an open CDM model with A = 0 fits as well.

AMight some brilliant iconoclast find another theoryv that fits? It is important that we

have other tests that make this mmuch more challenging.
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Here are 13 statisticallv independent WAAP3
spectrium measiurements with

3y (O — M)?/e” =35

(O - M)/a

is close as one can want to the expected value.

13 — 7. given the freedom to choose
E_}I:.D}\I =2 | ii5 8 QT._, =004 h—=0.72

b —NOE e — N2 - — 004 10 100 500 1(
n, =090, o3 =0.30. 7=0.09. 5000 — . — T

|

But as we have noted this does not mean

o
g . : = 5000 - \
ACDAI has passed 36 independent challenges. o / _
S0 [ propose to consider all the other indepen- Ei / X
dent tests one can think of rhat had a meaning- = — /
ful chance of falsifving this model. reduce each = ¥ _ i ﬂf
to one or a few numbers. and for each estimate 3 000 / L A !
_:E . .:*.-' I‘h-_,.’: ‘E‘J
3 . 2 # 1
0= M)/e. £ 1000 F %= 7
3 et

A caution: some standard deviation estimates el !
2° 0.5° 0.2°

8
M

depend on properties of complex svstems such :
B el L ] & ; . Angular Size

15 galaxies whose behavior cannot be fullv an-

alvzed from first principles: other estimates are

just difficult. You have to deal with judgement

calls.
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The web of cosmological tests has grown richer and tighter bv far than anvthing
I dreamed of when I got into this game.

But I doubt phyvsical cosmology at z < 10 is now complete. Here are some
points that argue this is more than wishful thinking.

1. We have no magic bullet. no one test that makes the case for the ACDMI
cosmologv. The case rests on an abundance of redundant tests.

2. We can t conclude that ACDMI. mavbe after fine tuning. is phyvsical reality
— we make progress bv successive approximation — we can onlyv be sure
that when \ACDNMI is replaced bv some deeper theorv the new one will
predict a universe that looks much like ACDMI.

3. The ACDAMI dark sector is vastly simpler than the visible sector. Might this
be because the dark sector phvsics is the simplest approximation we can
get awav at the present — still exceedingly limited — level of the tests?

4. We have no shortage of interesting puzzles to consider and some may lead
11s to deeper phvsics. mavbe in the dark sector.
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demonsiration of dark matter.
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Smail et al. WFPC2
image of the -cluster
Cl12244-02 at z = 0.33.
[f the gravitational at-
traction were centered
on the light it surely
couldn't produce the
smooth arc 1mage.
This demands dark
matter.

But the arc radius is
~“only” 150 kpec. Might
Jupiters fill the inner
100 kpc. and a r—! law
explain what happens
at 1 Mpc?

We need more tests,
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Here are 13 statisticallv independent WAAP3
spectrium measurements with

N (6F = & 1)2/o0% = 35.

| —

(O — M)/o

is close as one can want to the expected value.

43 — 7. given the freedom to choose
f__il'r:']:;}'_[ —0.21. LT:, =004 h=07T2

r=10.09. i i . ¥

n, = 0.96. 75 = 0.80.

= 2000 T T 1 T TTTE1 T T T T T
=
But as we have noted this does not mean > — oo
= o o . . == o = k.
ACDAI has passed 36 independent challenges. g~ / _
S0 [ propose to consider all the other indepen- z / X
dent tests one can think of rhat had a meaning- = — / |
ful chance of falsifving this model. reduce each = L PR f_l'
= 1 - [ ._. F i " x X
to one or a few numbers. and for each estimate = 2000 / v/ N #\L
= 7 - z
L"I = _'I._ t)/ . = 1000 v‘
2 i

A caution: some standard deviation estimates 0 Ed .
T . = ) 2.5° 0.2°
depend on properties of complex svstems such
1s galaxies whose behavior cannot be fullv an-

=
M

Angular Size

ilvzed from first principles: other estimates are
just difficult. You have to deal with judgement
calls.
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Parameter

Fii ll.lL'i-‘Ctl

_\ [+_ AS11re t

M-R)/o

Barvon densitv

BBNS

Barvon budeet
Srellar evolurion ages
Disrance scale

Disrance Ladder
(Gravirational lensine
SNela distance modulus
Larce-scale structure

Matter power spectrum

Barvon acoustic oscillation

Dvnamical mass estimates
Galaxy velocities
Lensing around clusters
Lensing autocorrelation

Galaxy count fluctuarion

Rich clusters of calaxges
Present mass function
Mass funetion evolution

(luster barvon fracrion
Barvon evolution

Lva forest

Neutrino densirv

ISW

Qyh-

0.0227
TRIEN,
13.6

0.72
0.7

1.4M)

0 1=8T

Lob)

.26
.26
)39
{).=i)

.19
1.={)
.26
0.103
1.03
L) 1

= .02

detected. at abour the

0.0219 = 0.0015

- 0 (05

12.3+1.90

0.69— 0.0
.15 =7

OO0 — 0 0=

0.213 = 0.023
.53 =16

). 30

0.20 = 0.03
040 = .4

(.%0— (.02

043 —0.03
= — ) 11
017 =0.05
O.007 = 0.004
| L ol § B

0.965 = 0.012

(.01

> fiduecial prediction

440 1T
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Paramerer Frducial Measured M —Rj/a

BENS L 00227 0.0210=0.0015  H |
- '_:;J LFEEEY = LS
teliar svohmion ages I¥T 3.6 1232140

USTance SCaMe

Dsrance Ladder .72 169 =0.08
SrasTrarional lensmeer fi 02 078 =007
=Mela distance moduolns M= =1} 1.00 .99 =008

D Gy Steig , BITP & (i Sttt | KTTF ™ewtrim [-22-8 C ing MNewirines with the BBN and the CTHWE 4

i =2 0" s
" 3G 1T-lce |
= i B I“_
[ > hl‘-_
= 1 = rn*.i’tm-.l .
o - = | ae = =
: E= = - o SO0 AO00 o 2
= 08 THSSEE = D H - N
g oo . -~ A
= B et N - o
= 4
. : |
- G . )

WMAPIIT: ol
Qph2 = 0.02273 = 0.00062 | g )

The precision of the WMAPIII meas

: g . ¢ J p .
is the consistency of measures of (2,4~ from such verv different phenomena.
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Parameter Fiducial Measured M—-R)io

Barvon density
BBNS
Barvon budget
Srellar evolurion ages
Disrance scale
Disrance Ladder
(Gravitational lensine
SNela distance modulus
Larce-scale srructure
Matter power spectrum
Barvon acoustic oscillation
Drnamical mass estimates
Galaxy velocities
Lensine around clusters
Lensing autocorrelation
Galaxy count fluctuartion
Rich clusters of galaxdes
Present mass function
Mass funetion evolution
Cluster barvon fraction
Barvon evelution
Lyva forest
Neutrine densiryv
[SW

h- 00227 0.0219 — 0.0015
) 0.012 = UMD
t.. Gvr 13.6 o e |

h .72 DGO — (0 0=
e 0.75 = 0.07

gz —1 1.0M) .99 — U U=

Q. h 0187 0213 +-0.023
)y R 01.350) 0.53 —0.06

& =2 .26 .30 5
i)

j 7% .26 0,20 — .03 -

g3 .39 0.40 = 0.04
T=zlqg) L) =i) .50— (.02

LI

g Dinieald 0.49 0.43 +0.03 L

T4 )_=¢) .05 — .10 .
.26 017 =0.05
O E5Y2/..  0.103 0007 = 0.0041
Oy +1.102,, 1.03 1.2 +0.2

7 ¥ ()16 0965 =0.012

Q.. h- - 002 0.001

detected. at abour the fiducial prediction

.4

LY
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Paramerer Fiducial VM easred M—-Ri/r

Barenn "ﬁ't-.“r.'

BENS (11 10227 0AR10 = 0.0015  He |
Oarson DIETer 1L [LRLES 5 = LS
“rellar evohmion ages a¥T 13.6 23 =10

Di=rance scake

Distance Ladder 1 09.72 .60 =008

SravTrarzonal lensmer A 0. 055 =0.07

=Mela distance moduolins M= =T 1.00 199 £ 0.08
Dr. Gary Steipmas, KITP & Chio State | KTTP Nentrimes 1-22-45) C onnting Sentrines with the BEN and the CMEB 4

Kaminockowski. Spergel and Sugivama 1994

7 30 1o |
— —— : I’l
(1 -
= 3 = .rn"-iﬁ'_ o e
E — M - | cmas l
- = L = SR A000 0 =
- = D H = N
= = - ; -..-F"f’\ 2 =
N 205 \
= L J
] 1 p o .! ‘II
WMAPTIT: i3 et !

A2 = 0.02273 = 0.00062 i

The precision of the WMNAPIII measur

is the consistency of measures of Q3h? from such very {iLEfF*lPH'[ phenomena
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Faramerer Frducial L eastred iM—-Ri

Barson densiwy
ODREMS [ T el TN 0 L1 RSy N 1 0 e
I Barmon badoesr £ 1Y & [ WG |
STITHAl TR D afes Tar LAVT [0 ol e 3
DErancs soake
Distance Ladder F ] et G0 —
wTrarional Ensme fy 1 e 075 =00

Mels inee modnines A= =1} UL I — 0 0S f
Larzer oo 2k OIAT 03 0,023
Barmon aconstie sscillarion LR e .50 053 =006
Cvnamical mass estimares
f = . = T T : 5 -
Salaxy wmlocities ), R . (e measurement is worth listine: the
Lemsine arcund chsters . R 20 =003 - ;

Lensine ammocorreiation observarions could have talsified
_'_:"!".’L_'-'Z_ ~cunr fuctuation Tang) i 30— .02 the model.
Rich clesters of zalasies
Pre=ent mass mncren 1 L 143 = HEH
Las metion —minton T3 R T s =0 1
0 6 1T =006 (=
Barvon [Tt IOn 1Y e 3 1 L% 1T — i O HH
Barmn =wwhmmon 0, + 11582, 1] o
; LOBG = 0012 b g
Nannns densityr k= LR TR 1) ]

W =1 at abomt che Gducial predicticn /

The observed barvons add up to
ten percent of the rotal density
in the standard model. Bur the

- L

]

Lo forest 1)

=W e

\

Barvon rest mass
Warm mersaiscnc piasma i) — D003
Vinairen reesns of galanes 24 = s

[neresiscme D0le = 0DOs

[nrracinsrer piasma

Maip-sequence siars: spheroids ano bulees

Maun-sequencs stars; M=ks ana irepnises

Whire dwarts

Nenmon s
Black boles
Substeiisr obecs

ni 1e 1

Molecuisr oas

DML = D007

[LIMET3
S
RCICAES
LS
KL Ve
A4

P2

AN

= [0
— (D004
= OO0

RE I ¥

= DO
= )T

= [0
= [

L LTI Planos 8
1 i Condepsed marer 1y~ =
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Senpesrered th masive black boles

From Fukugita and Peebles 2004
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Faramerer Fiducial

i hapdoer Py [N &

| = hmon ases Lan O¥T [3.4
L =
e
- i — : T iWi
LY. 8 E-

Barmon aconstie <sciilation L o =i
amical mass =stimares

ey mlocires 1, 3
crsine arcnd chsters
ine almocorrelation
ilawr coume Huctuaton Fai ) 2

Rich clusters of zalasies

IETf DalrvCh TaCTon Dph=r= e

Barmon =wiomoen hy — 1152,

fensirT

e T2 — A7 dsts froom 4 ek L pvoc e woilln rlremeeneal e ) sl syt tee | e o boT i Rurnest e, Peton b e [nbewl im e ivpomeed Dot
== v Sayesbom ol (2T The B oscaek e Ereeom e oo tak-rocy SdAB oembed of = 4.4 Fe 55 phrtied alomecdes ol psocioomes. | S 28 ercineemns enEsioe of Lne
NFRSTIEE NG O ST TSR G ST S

Distances and ages of NGC 6397. NGC 6752 and 47 Tuc™*
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Parameter Fidueial Measured iM—Ri/fo

Baryon density

HBNS

Baryon budger
Stellar esolution
Distapce scale

00F-——-————————————

3 A
_a."IIF‘_ I II.-'..-‘
i {_'r_'\-_f 13.1.'-

0.0219 = 0.0015
= [L005
123+1.0

Distance [adder

L=TAVIIATIONAL |
SNela distance modnlus
Largescale structure

':E' l_l w

A )72 0.60 =0.08 0.1
i T A i [ERIF
wiz=1) 100  0.99£0.08 % "
<
Dk )IST 0213 +0.023 : o

Alatrer power spectrum 0.1
Barvon acouste oscillation U/ B (.50 .53 =0.06
Dvnamical mass estimates
Galaxy veloeities QO 0.26 1 it
Lensing around clusters i 0.26 020 £0.03 -+
Lensing autocorrelation 712,33 0.39 0.40 =004 : 0.3
Galaxy count fiuctmarion Tal g .80 (0.38—0.02
Rich clusters of gzl ; . ! ;
Present mass finetion & i'!'fl;"'_ .49 343 =0.03 . 0.0 0.2 04 06 0.8
Mass fonetion evelumon g .20 0.9% L 0.10 s 3 _Q,L
. .26 17 =0.05 HEH )
Cluster barvon fraction Q:h%2/0, 0103 009T£0004  HE Dunkley et al. WMAPIII
Barvon evolution E'!_-.L + 1.1, 1.03 2-+=02 -
Lva forest Fig .96 0,965 £ 0.012 -

Neurrino density

W

Pirsa: 08060049

(2 < 0.02 0.001
detected. at about the Gdueial prediction

FINAI RESULTS FROM THE HFUBBIE SP4CE TELESCOPE KEY PROJECT TO MEASURE THE
HUBBLE COMSTANT?

Wy L Frespsan ™ Bamry F Mapore ™ Bean K Gmsoi” Larma Feemasers” Danmr. D, KEsosom” SEoko Saxar”
Jeewy B Mo Rossrt C. Koot [o.” Horrano C. Fomn, ' Joe A Gragas” Jogs P Hocemal'!
Spamw M. G Hueess'? Garte D Iimseworre'? Lucas M. Macer!'!' svp Perer B. Stersoest 'S
Recewsd AWl Julv 30 scceprad 200 December | 3

We adopt a distance modulus to the LMC (relative 0 which the more distant galaxies are measured) of
U LMC) = 18.50 + 0.10 mag or 50 kpc New, revised distances are given for the 18 spiral galaxies for
which Cephetds have been discovered as part of the Key Project. as well as for 13 additional galaxies
with pubhished Cepheid data. The new calibration results in a Cepheid distance to NGC 4258 in better
agreement with the maser distance to thus galaxy. Based on these revised Cepheid distances. we find
values (in km s~ Mpe™') of H, =71 + 2 (random) + 6 (systematic) (Tvpe [a supernovae), H,=71 + 3
+ 7 1 Tully-Fisher relation). H, =70 + 5 + 6 (surface brighiness fluctuations), H, =72 +9 +7 (Type II
supernovael, and H, =52 + 6 + 9 (fundamental plane). We combine these results for the different
methods with three different weighting schemes. and find good agreement and consistency with H, =72
+ % km 57" Mpe™'. Fmally, we compare these results with other. piobal methods for measuring H,,.
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This checks consistency of the measured large-scale mass fluctuations with
what is needed to fit the measured fluctuations of the CMNB temperature.

The statistic i1s the rms fractional mass fluctuation

3 : i /9

galm)={((m—0m))" )"~ /im
in randomly placed spheres of radius 347" Mpe. The surrogate is the rms
fractional fluctuation os(g) in galaxy counts on the same scale.

Since stars and DM are segregated we can only expect gs(m) and ox(g) are
about the same. The significance of the test is vour judgement call.
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his checks consistency of the measured large-scale mass fluctuations with
what is needed to fit the measured fluctuations of the CMB temperature.
The statistic is the rms fractional mass fluctuation
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in randomly placed spheres of radius 32~ " Mpe. The surrogate is the rms
fractional fluctuation os(g) in galaxy counts on the same scale.

Since stars and DM are segregated we can only expect gs(m) and ox(g) are
about the same. The significance of the test is vour judgement call.
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The A\CDM cosmology passes an impressive number of independent challenges:
it proves to be a good approximation to realitv.

Bur as I said. one may wonder whether the sector of dark matter and dark
energyv reallv is so vastlyv simpler than physics in the visible sector.

If the dark sector of ACDMI is onlv the simplest approximation we can get
away with at the present level of the evidence then anomalies might point to
something better.

There are problems reconciling the theorv and observations of galaxies. Might
some indicate new dark sector physics rather than the complications of the
phvsics we have now” [ offer an example that fascinates me.
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The late merging puzzle. Burt early-tvpe galaxies give the impression of island universes.

M. Bernardi et al. (2006) study of
the effect of environment on the fun-
damental plane for SDSS early-tvpe
galaxdes. Dashed contours: galax-
ies at higher ambient densitv; dotted.

lower density.

The red line is the relation
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Late merging puzzle. The line — the early-tvpe red sequence — is insensitive to environ-
ment. which again is more suggestive of island universes than the considerable exchange of
matter with the surroundings predicted bv the ACDM cosmology.
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The late merging puzzle. But early-tvpe galaxies give the impression of i1sland universes.

M. Bernardi et al. (2006) study of

the effect of environment on the fun-

»i ] damental plane for SDSS early-type
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[ 1 ies at higher ambient densitv; dotted.
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Late merging puzzle. The line — the early-tvpe red sequence — is insensitive to environ-
ment. which again is more suggestive of island universes than the considerable exchange of
matter with the surroundings predicted bv the ACDM cosmology.
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The late merging puzzle. But early-tvpe galaxies give the impression of island universes.

M. Bernardi ef al. (2006) study of
| the effect of environment on the fun-
1 damental plane for SDSS early-tyvpe
galaxdes. Dashed contours: galax-
ies at higher ambient densitv; dotted.
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Late merging puzzle. The line — the early-rvpe red sequence — is insensitive to environ-
ment. which again is more suggestive of island universes than the considerable exchange of
matter with the surroundings predicted by the ACDM cosmology.
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[ offer the i1sland universe puzzle to illustrate the point that there is no shortage
of interesting problems In cosmology at modest redshift.

A problem assignment: determine whether this puzzle points to new phyvsics.
mayvbe In the dark sector. or to the complexity of the physics we alreadyv have.
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Late merging puzzle. The line — the early-tvpe red sequence — is insensitive to environ-
ment. which again is more suggestive of island universes than the considerable exchange of
matter with the surroundings predicted bv the ACDM cosmology.
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The A\CDMI cosmology passes an impressive number of independent challenges:
it proves to be a good approximation to realityv.

Burt as I said. one may wonder whether the sector of dark matter and dark
energyv reallv is so vastly simpler than physics in the visible sector.

If the dark sector of ACDMI is onlv the simplest approximation we can get
away with at the present level of the evidence then anomalies might point to

something better.

There are problems reconciling the theoryv and observations of galaxies. Might
some indicate new dark sector physics rather than the complications of the
phvsics we have now” I offer an example that fascinates me.

Migtss LUNCLION evOoOlleion

Cluster barvon fraction
Barvon evolution

Lva forest

Neutrino density

ISW

detected. at

u.ou U.¥0 T U. LU
(.26 017 =0.05
0.103 0.097 +=0.004
1.03 1.2 +0.2

0.96 0.965 = 0.012

< 0.02 0.001
about the fiducial prediction
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Parameter

Fiducial

Measured (M—R)/o
Barvon densitv
BBNS Oy b2 0.0227 0.0219 =0.0015
Barvon budget 2 0.042 > 0.005
Stellar evolution ages Gvr 13.6 12.34-1.0 &+ For these 16 measure
Distance scale _ =
Distance Ladder h 0.72  0.60 = 0.08 -k il
Gravirational lensing h 0.72 0.75 = 0.07 | = a? 3
SNela distance modulus Ylz = 1 1.00 0.99 = 0.08 e =
Large-scale structure T,h‘m - torma.lgl_*r b
Matter power spectrum O 0.187  0.213 +£0.02: @ Pig. but considern
Barvon acoustic oscillation Qi B® 0.50 0.53 =0.06 -mi rhe dicev estimates
Dyvnamical mass estimates some of the o's I thin
Galaxy veloclties Qe 0.26 0. EU_::,I,’ My it's remarkably good
Lensing around clusters Qs 0.26 0.20 = 0.03 -
Lensing autocorrelation o272 0.39 0.40 = 0.04 &
Galaxy count fluctuation 72(g) .20 0.89+ 0.02
Rich clusters of galaxies
Present mass function 393 0.49 0.43+0.03 -
AMass function evolution o (.20 0.98 =0.10 & 3
L§ 8 0.26 0.17 +0.05 HEH
Cluster barvon fraction ﬂ'hh'!‘ 2/ 0103 0.097 = 0.004 &
Barvon evolution 2y + 1.1 Q,, 1.03 1202 i
Lyva forest Mg 0.96 0.965 =0.012 -
Neutrino densitv Q. h* < 0.02 0.001

ISW

detected. at about the fiducial prediction
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