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Known Clusters at all SNRs
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X SZ Detection Correlated
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148 GHz SZ Decrements : Previously Known

0 100

OTcem [UK] (Only for top left candidate)
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Some Known Clusters
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partially-blind scalar power trajecteries & usual
r-n: tensor - no consistency relation. Nov09 data
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quadratic potential about a pivot point  same, with a small field constraint
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how do errors in r vary with sky
fraction? (disentangle E/B mixing

by direct Likelihood in Q,U)
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0.5
how do errors in r vary with sky

fraction? (disentangle E/B mixing
by direct Likelihood in Q,U) 0.4
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how do errors in r vary with sky
fraction? (disentangle E/B mixing

by direct Likelihood in Q,U)
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go for low dust patches of sky-  *°f " T T TR

1 k-like (2.5
from ground, e.g., Keck/spud planck-like (26 yrs)
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(.
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go for low dust patches of sky -

from ground, e.g., Keck/spud

or balloons Spider deep/shallow

Planck can use almost all sky

and low-dust patches
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go for low dust patches of sky -
from ground, e.g., Keck/spud

or balloons Spider deep/shallow
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Planck can use almost all sky
and low-dust patches
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is the dark energy “vacuum potential energy” ?

0-3 i | ' | l | ' 1 I | ] ] | ]_1 1 1 1] l 1 1 | | .I 1] | 1 !
- quintessence/phantom - top hat, 6 bins
02 |- 3—param . 2 I~ .
0.1 |- . ! r | I
all current data, 2009 = ] o
L — oot I L ey e e E— N I T e
of [ ....... pd G | f ............. f o
~0.1 | S N i
- SN+cmB+Lens 1 °
02 [ AT TR T AN T TR T S N | I [ T T L1 L 1o |
0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1

a a

TEST: within errors, energy-density does not change with
expansion =Einstein’s cosmological constant is best fit so far
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P A(time,space) ?

is the dark energy ¢“vacuum potential energy” ?
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‘ o :
rTrrr T rrrrrd

0 l 2
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TEST: within errors, energy-density does not ch'z':i’hge wit
expansion =Einstein’s cosmological constant is best fit so far
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Beyond Einstein panel: LISA+JDEM

Forecast: JDEM-SN (2500 hi-z + 500 low-z)
+ DUNE-WL (50% sky, gals @z =0.1-1.1, 35/min? ) + Planck1yr

ESA (+NAS CSA)

now ESA /Euclid

0.2 0.25 0.3 0.35

l-l-Wo = -0.0 £ 0206
(dan/Chl))ZM @pivot a__

=-.03+.26-30 2 °
Ce= E1.001d2nV/dp? /4 =0.120.7

Y et 1 1

4,

Supemov

a (JDEM)

CMB (Planck)
BAO JDEM)

B Weak Lensing (DUNE, 5 bins) |
MCMB +5 y

N+WL=BAO

0.2

£5=0.00""" 5 06

‘(cannot reconstruct the quintessence potential, just the slope € & ~hubble drag

0.3
Q,

C=0.1£0.7

0.4
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very early U early to middle to now U very late U
inflation string theory/landscape/higher dimensions dark energy

Veff (lpinf) ! partial shape reconstruction reconstruct gradient Veff (”q)inf) ?
Keft (Vinf) ? Ketf (Winf) ?

1-ns~2e+ 4, x9999 & I~16¢ slow rol £ .= (dInV/idh)?a @a,,
2 solutions: nearly uniform acceleration & small C¢ €g ™~ -.03 +.26 -.30

g~ .017 +- .007; £, <.025 95% f\rom r | | to+- .07 Planck+JDEM+DUNE

low energy inflation with tiny €
2¢,~ 017 +- .007

errors go to +— .0012 Planck+JDEM+DUNE

blind b-spline blind Chebyshev = | a,<0.36 (z,>2.0)+ to a to <0.21 (z,>3.7)

Ps(Ink)-r(kp) Ps(Ink)-r(kp) | we ignore z_dec and z_bbn constraints on Qg (a
8pt scan 8Pt scan much further trajectory extrapolation needed.

A S e ' itivity sqrt(€): €=0.00 +,09-.13 &
m— | | _ : gg& '('s?rﬁ:r;splhla\rlmltoyrnsig - Ig’aszoq%e): £=0.00+.%8

« .| late-inflaton field is < Planck mass
LM « |coupled-DE 5th force constraints are strong

c.=+1.001d?InV/dp?/4 @a,
Cs~ 0.1+6-7

to +.6-.7; +-.3 Planck+JDEM+DUNE
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INFLATION THEN

PROBES NOW

“standard 1nflation space”: n; dn/dlnk r @k-pivots

N(kp)=-962 +-.013 (+-005 Planck) .959 +- .011 all data
=P /P (kp>) < 0.40cmb 95% CL (+-.03 P1, +- .01 Spider+P2.5)

dn /dln k (kp) == 016 +- .019 (+-.005 Planck)

\- J

(partially) blind trajectories e.g., 1 (K) and Y'(Kp), are better

local quadratic non-G constraint: -9< fni<111= -4< fne<80 WMAPS (+ 5-10 Planck1yr)
CBI10: add a cosmic string template=n <1 @20 & string tension limit G < 2.8 x 1077
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e Weighty Matter of the Cosmos:
what is the Universe made of?

Greek GUT: 4 elements/ 4 qualities+(5th element: quintessence aether)

water (Thales), air (Anaximenes), earth (Xenophanes), and fire (Heraclitus). Empedocles unified theory of all 4.
Plato 4 of 5 geometrical crystal-like solids as atoms. Aristotle prevailed: elements as combinations of qualities

v GAMOW (40s, early 50s)
HOT BIG BANG

v" Hoyle etal (40s, ...) SSM

Eternal Inflation with
PreHeating BANGs

Nuclear Fundamental Physics:
40s-80s.. Hydrogen (75%) &
Helium (25%) Deuterium,

. Lithium from the first

* minutes; Carbon, Oxygen,
Iron,.. from exploding stars

Pomadc Tl fr B Ll of unpen® (0001

b ]
. .

(6 types of quarks up. down,
charm, strange, top and bottom)
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v T T T T T T T T ¥ v v T 4 ] NObel
Baryometers e SOL N prize 84
CMB/LSS He = C,0 ; Iy . .
o CoeNevo . IR ’ L e e Willy
gl ;2 :(‘ o ‘ ‘3 pe FOWler +
Cor e Chandra
. -sekhar
y
Steigman07,

BBN Ann Rev =+

e 110 = 1()“)(/1|.;/l/),) = 27"’ Q]-}/}“

Janmary 2000  January 2002 § June 2002

Januarv 2003  March 2003

990 +0.0443 M (1990 +0.0025 091 +0.0024 N (1991 +0.0023 0ao+0.0013
“-“-"{!ﬂ'_(._“-‘g“; ‘-’-“-)--2_1)_(:(031 “-“-2-|—|,.,un|;_’(| U'“--zl—-n.uuul\ “'“-‘{‘)’—Hc)u)lli

0.0223 + 0.0007 0.0226 +- 0.0006 wmap3+acbar+cbi+... LSS

0.0233 +- 0.0005 wmap5+acbar+cbi+b03+.+WL+LSS+SN | +Lya
cosmic baryon number Np=0.26 +.005 /m?

Qamh2=01145+0.0023 (Qm=0.268+.012 (IA=0.736 +.012
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Recombination Awms fom

Relic radason decougles (CMS)

Matter domination

Oreer of (ravilanona colapse
Nucleosynthesis

Lignteements crealed - U He

Nuclear fusion begins

Quark-hadron transition

Frotons and neuTons fomed

Electroweak transition

Electiromannatic and weax nuclear

forces frst diferentals
Supersymmetry breaking

Axions ete.?

14 bllllon years

11 bﬂllonyem
LA

T—‘ 091 seconds —

Grand unification transition o=

Electroweak and strong nucioar
forees diferentate

|’|”:t'_‘r'
Quantum gravity wall

Spacetime oescnplon brezks down
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14 bllllon years

11 bﬂllonyem
LA

Recombination Awms form Y=
Relic radason decougles (CMS ¢

Matter domination but the Fact

Oneed of ravilalional colapse l N » - . - Wi” remain

Nucleosynthesis

Lgnteements crealed -0 He L
Nuclear fusion begins — 001 seconds——

Quark-hadron transition

Frotons and neuTons fomed

Nobels Fradspris

-

N Ja Andrel Sacharew

Electroweak transition
E leciroma 'l"""l' 1"!’1‘0\"-"( nuclear
.[.('J':Z)l st diferentals

Supersymmetry breaking

Axions ete.?

Grand unification transition =
Electroweak and strong nucioar

e | | 2@ | potential energ

Inflation eI ( y )
Quantum gravity wall x . 0 Z."é — 4 e . density Sakharov~67

Spacetime oescnplon brezks down
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If Dark Matter interacts with ordinary matter by more than gravity, we may “see”
it at the Large Hadronic Collider 2009+ or at SNOlab 2010+ in Sudbury Canada

vent |
ALy

-

2 “‘Supersymmetric’ particles ? Is Dark Matter this
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extra-“ordinary” matter

vacuum potential preheats into

Primordial

\

Prowviges | 00", of 1he mermimasm ety 'ww:‘ fox
2 Pealitvy devedapersg 2 @ DN RNOwn W e v

N “cost ”
| “cosmic’ -...;i\ccelerator dark matter

n 3883822222222 SOUPsesssssss22
e lIeosAcchgCator ~ whatis mass?
3 g — 'newﬁ'f first light” Dec09  vacuum potential
N ./  SNAE s

| antimatter
asymmetry

extra
dimensions
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Radiation:
0.005%

B Chemical Elements:
M (other than H & He) 0.025%

Neutrinos:

9
(N 0.47%

|

Gravity Waves

9
\\\\\\
9

oy
o

Dark Matter:

2

Dark Energy:

=20.7 £ 5%

dm

Qow ~1014-TOPTIGO
7
g2BlackHoles ~10

QA=75:|:3%
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