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Cosmic Acceleration is a central
feature of the consensus
cosmqlogy

W
No cosmic accel-eratlon no
consensus,cosmology!
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Two Technological Enablers:

1. Large (100 Mpixel) CCD
Cameras

2. SNe la: Bright,
Standardizable Candles
(1.4 solar mass bomg
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Discovery! i 1998
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Supernova Cosmology Project
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The Discovery Data

Riess et al, 1998




Carl Sagan:

Extraordinary
Claims Require . W
Extraordinary .

Evidence ~ /']

Now Certified by Stockholm!
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1000 SNe from:
the original teams +

SNLS, ESSENCE; SDSS,
CfA CRR.S P é
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33 nearby (JRKO7)

103 SDSS-II (this paper)
56 ESSENCE (WV07)
62 SNLS (Astier06)

34 HST (Riess07)
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Evidence for past acceleration:
Important reality check

always accelerates

accelerates now
decelerates in the past

always decelerates

| 1 |

1 1.5
Redshift z

HST ACS Sample of high-z SNe: A. Riess et al, Ap.J 607, 665 (2004)




Baryon Acoustic Osclllations (BAO):
Zel odovichos St

60 80 100
o-moving separation (h"' Mpc)



New stand alone evidence for
cosmic.acceleration from
clusters observed'by Chandra

v

A.Vikhlinin et al, ApJ 692, 1060 (2009)arXiv:0812.2720]
36 Clusters w/<z>~0.55 and 49 w/<z>~0.05



VIKHLININ ET AL.
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Fra. 2.— Iustration of sensitivity of the cluster mass function to the cosmological model. In the left panel, we show the measured mass function and predicted
models (with only the overall normalization at = = Dadjusted) computed for a cosmology which is close to our best-fit model. The low-z mass function is reproduced
from Fig, 1, which for the high-z cluster we show only the most distant subsample (2 = 0.55) to better illustrate the effects. In the right panel, both the data and the
models are computed for a cosmology with €1, = 0. Both the model and the data at high redshifts are changed relative to the 01, = 0.75 case. The measured mass
function is changed because it is derived for a different distance-redshift relation. The model is changed because the predicted growth of structure and overdensity
thresholds corresponding to A = 500 are different. When the overall model normalization is adjusted to the low-z mass function, the predicted number density
of z = 0.55 clusters is in strong disagreement with the data, and therefore this combination of Cipg and 24 can be rejected.




onsistent with
all observations:

.= 0.71 £ 0.02
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Eddington
Criterion

EdpI0 TN
" NO EXPEIMENTRL RESULT

ClouLd BE ACCEPTED UNTIL-
CONFIMMED BY THEORY




| (SPrduer &%maw}

bLAK Poles wiren
P2 PA

LEPLSIVE GRAVITY
when P<L - LA




Test of (] + 3p) Term In
2"d Friedmann Egn

A ] + p)eipowers acce
ABBN =_test .of the (}
A Neglect 3p (i.e., Newtonian limit)

i Friedmann'Equation becomesgH>= 4~ G} /
insteadof H2= "8 " G

I BBN predictions no long
observations ,

with



Describing Dark Energy

Defining feature of dark energy. large neqative
Dressur(\ PSRV 1 2N (WA FP2N 17 ST V- IRV W1 2SN 2 IAr\dS to

NS

repulsiv
Describ

matter

Log [energy density (GeV4)]

Ghostly quintessence < -1 (} g increases with time)
W=w,+WwW, (171 a)



The Gravity of
Nothing
Is Repulsive

Z 7~ 7~
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/3A|c > Pmc
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dE=-pdV (Firstlew) 8 K ~=
PVAC-d V= ‘RACdV = T’th: -ﬁfkc e —~
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[ same as A )
finite ang wer that is off by
orde “magnitude
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Pzeropt < Pecrit = kma.x < 0.03eV



Vacuum Energy Problem Solved
by Supersymmegry or ?

(5} SUPERSYMMETRY
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Now we have two puzzles:

Why does rgthing. Weighs’ so little?
&1
“What is dark‘efergy?

Puzzles could be relat 'nrelated!
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NN GRadIToNAL
PRYSICS
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Important
clue or
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At the very
least, we can
now say that &
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In the Presence of Dark
Energy, a Flat Universe
Can Expand Forever, “Biepp' | we-t
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DARK ENERGY
MAY BE ThE MosT

ProronD ProkLEM
IN ALL OF JUENE TeDAY
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Youbetcha
Katie, | believe
In Dark Energy 1
we can see it
_ from Alaska!
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