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nonlinear Gas & Dark Matter Structure in the Cosmic Web the
cluster/gp web “now”, the galaxy/dwarf system “then”
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nonlinear Gas & Dark Matter Structure in the Cosmic Web
clusterlgp web “now” the galaxyldwarf system “then”
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first dedicated CMB conference, exptalists+theorists, primary+secondary ATIT

The focus of the meeting will be how best to mesh theory with results from current and future experiments
to constrain models of the Universe. This is to be an experts’ meeting so we can immediately get down to
business. We believe that there are not enough opportunities for the experimentalists and theorists in this
field to work together intensively on analysis procedures for the experiments which are approaching discovery
level sensitivity for a large class of cosmological models. This workshop is meant to partially satisfy that
A tentative list of topics organized according to angular scale, with theory and observation intertwined,

is:

e very small angle anisotropies - VLA results, secondary fluctuations via the Sunyaev-Zeldovich
effect, primeval dust emission, and radio sources

e small angle anisotropies - current results, optimal measuring strategies, statistical methods for
small signals in larger noise, which universes can we rule out, the reheating issue, future detectors and
techniques, CMB _map statistics, polarization

e intermediate and large angle anisotropies - 5% — 10° results, future experiments at ~ 17, COBE
and other large angle analyses, theoretical C'(f)'s and their angular power spectra, Sachs-Wolfe effect in
open Universes, the isocurvature CDM and baryon stories, Wfrom gravitational waves, the cosmic

string story. §00m 05’ dee
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COSMIC PARAMETERS THEN
in XxCDM

... BBE1987 vary x

for xCDM, predict CMB (6deg, 5min); LSS
cluster-cluster, cluster-galaxy, bulk flows,

08: redshift of “galaxy formation”

X=

14 Gyr, Q1=0.8, HO=75, b~C,

50uK cf 30uK cobe, 08~0.72

s /HO / /A | Openl is lis+ad/ h-c/ h+/ b/ b |

PREDICTIONS FOR MODELS

+b ) Op+b /T /1BSI IBSI2

(CDM +X), (CDM +X),
Parameter OBS CDM €40  VAC/C  OP/C  ISO/C  ISO/AD  HOT HC C+B B+C  BCV BCO  CDM+dec (k' =300) (k' =200)

QQ Hy.ooo.. 1,0.1,50 1,01,40 1,003,50 02,003,50 1,0.1,50 1,0.1,50 1,01,5 1,0.1,50 1,02,40 1,055 1,01,75 020175  1,1,50 1,0.1,40 1,0.1,50
Q) Q,,, ... 09,0 090 017,08 0170 090 09,0 (09,0 05(04,0 080 050 01,08 01,0 1,0 09,0 05,0

................. 1.7 18 1 1 17 1.7 0.53 1.7 1.8 L7 1 1 17 1.8 1.7
to (BY) oo GC:14-22 13 17 2 17 13 13 13 13 17 13 14 1 13 17 13

NC: 13-26

GolR, = 0.35) ... 29 24 27 27 1.6 25 20 13 22 19 24 24 6.8 22 27
2 eeerneeeeanns 37 29 23 40 13 31 1 11 25 20 1.3 20 13 26 34
GolRy = 5) ...... 042 0.39 0.75 0.75 043 042 14 044 040 0.44 0.72 0.72 0.47 041 043
3D DU . 32 31 31 31 30 32 31 29 31 30 28 28 27 3l 31
El20) o 1.5 0.15 026 17 1.7 0.70 035 11 10 049 13 22 22 1.8 10 085
Ef25) v 1.0 0.08 0.15 1.2 12 0.42 021 0.45 051 031 0.93 17 1.7 0.92 083 0.68
Ea(30) oo 0.72 0.03 007 085 085 025 0.11 020 024 020 061 14 L4 0.49 064 051
Eol50) oo, 0.29 —001*  —0006* 024 024 002  —001* —0009* —002* 004 023 0.59 0.59 0.16 028 021
£ 100 ... 0.08 ~0002* —0003* 002 002 —0003* —0003* —0003* —0009* —0007* —001* 036 0.36 0.02 0.08 0.06
£420) 049 0.13 017 0.57 0.57 032 0.19 0.96 044 023 0.50 0.76 0.76 0.70 0.39 032
EL25) o 0.33 0.04 0.06 037 037 0.16 0.08 035 023 011 0.32 0.54 0.54 042 026 020
ELB0) 0.24 001 0.02 0.25 0.25 0.09 0.03 0.12 011 006 0.22 041 041 024 0.19 0.15
ELl40) 0.14 —0003 0002 0.13 0.13 003 0006  —0.001 002 003 0.13 026 0.26 0.09 0.12 0.10
WR, =32)...... 610+ 50  136-654 134-650 166-797  157-752  172-824 148-709 594-2850 185-889 149-714 208-1000 232-1120 218-1050  293-1399  280-1331  241-115]
WR, = 15) ...... 599+ 104 71-340  76-365 134-639  126-601  114-544 86409 387-1850 124-587 95450 154-735  206-987 . — 250-1190  202-970
WR, = 25) ...... 53-250  56-269 115-550  108-516  89-421  64-309 419-1350 91-435 71-342 119-573  186-894 . 233-1106  185-882
WR, = 40) ...... 970 £300 35180  40-192 95456  90-430  66-315  47-221 200958  65-311 S$2-251 87419  160-771 214-1016  165-787
AT/T (45) ...... <25 5 6 20 70 20 6 8 10
x10° (67) ....... <48 7 8 20 40 60 30 20 8 8 15 25 72 (98) 40 (64)
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BOOM

2000

TOCO, Boom test 1999
Maxima 2000
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z~ 1100
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WMAP-BOOM-ACBAR-ACT:
the high resolution frontier
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dark matter abundance €2,=0.268 +.012 -.012

January 2000  January 2002  June 2002 January 2003  March 2003

Oeamh?®  0.108F0:088 @motg-_gg;) 0.12410:026 () 195+0.021 () 1y +0.010

CMB-only history (weak-h prior). LSS-then drove to near current
(0.1145 +-0.0023) CMBall+WL+LSS+SN+Lya

Q24 0.34102% 0.5210 37 0.53101% 0.571015 0.7315%%
CMB-only history (weak-h prior). LSS-then drove to near current value

dark energy abundance €2,=0.736 +.012 -.012
&Ho=72+-1 CMBall+WL+LSS+SN+Lya

‘ c=-dInH/dIna=1+q: now =3/2[Qmo +(1+w)(1-Qmo)] ~0.407?, to 0? ‘




What is the Universe made of?

NOW: baryons + (cold-ish) dark matter + dark energy/inflaton + tiny curvature
energy (+light neutrinos+photons). ?7a bit of strings/textures/PBHs??

THEN: coherent inflaton /“vacuum” energy plus zero-point fluctuations in all fields.
& then preheat through mode coupling to incoherent cascade to thermal equilibrium
aka quark-gluon plasma

very early U early to middle to now U very late U

string theory/landscape/higher dimensions
inflation cyclic baryogene3|s dark matter BBN ydec dark energy

Vet (wlnf) 4 ' | Vet (wmf) 4

CBI 30 GHz

Keff (Yinf) ? - P Rt | Ketf (Yinf) ?

6000

WMAP 5-year

4000
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INFLATION THEN
PROBES NOW

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

N(kp)=-962 +-.013 (+-005 Pranck) .959 +- .011 all data

=P /P (kp>) < 0.40cmb 95% CL (+-.03 P1, +- .01 Spider+P2.5)

dn, /dIn k (kp) =-.016 +- .019 (+-.00s prancki)

\_

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




INFLATION THEN

WHAT IS PREDICTED?

Smoothly broken scale invariance
by nearly uniform braking (standard
of 80s/90s/00s) r~0.03-0.5

or highly variable braking r tiny

(stringy cosmology) r<10-1°




Old view: Theory prior = delta function of THE correct one and only theory
New: Theory prior = probability distribution of late-flows on an energy LANDSCAPE
6/7 tiny extra

1980 w COld Inflation dimensions
haotic inflation

New Inflatlon \
Double |nf|at|0 Power-law mﬂatlon @RA m@

Radical BS! inflatiohX o110 w inflation > < Extended infafon™>
1990
@pNGB@ Hybrid inflation

Assisted inflation
SUSY F-term C_>
SUSY D-ter
inflation Brane inflation
2000 SUSY P-ter Super-natural
Inflatlon -

2003 KKLT ekpyrotic.

cyclic
DBI mflatlon y
arped Brane
achyonlnﬂanon inflation
Racetrack |nflat|on

oulette inflation Kahler moduli/axion




very early U early to middle to now U very late U
inflation string theory/landscape/higher dimensions dark energy
Veff ('(/Jinf) ! partial shape reconstruction reconstruct gradient Veff (’(/}inf) ?

Keft (Winf) ? Keft (Winf) !
trajectory probability trajectory probability

-dinptot/dina 2 => P Py Ve (K), -dinpg /dina /2
Yint (K) =Egp(a)=(1+w)3

V(0) = ' (1+cos(4/f))

u 1= 2.41Vh meV [ - 2
14 0|, =0.24nf , €s (d|nV/d1p) 14
| 06 f=12x10"GeV/ @pivot aeq yes

dInV/dy? /4

@pivot aeq no

In k/Mpc ™
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Pillar 7? Gravity Waves
/An ensemble of trajectories arises I
many-moduli string models, whether

braney or holey. Roulette
inflation: complex hole sizes in

6D vy 1<10710 ¢ ng from
data-selected braking!
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(‘theorem’: Ay< 1 -> r<.007)
N /

nearly uniform acceleration)
(power law, exp, PNGB, ..potentials)

20 \r~.03-.3!is Ay~10 deadly?,

Even with low energy inflation, the
prospects are good with Spider plus
Planck to either detect the GW-
induced B-polarization or set a
strong blind upper limit r<0.02
indicating stringy or other exotic
models. Both experiments have
strong Cdn roles. Bpol 20207, to
r~0.002

+ Pillar 4: primordial non-Gaussianity

9<fy, <111 (+-5-10 Planckl)




Pillar 7
SPIDER Tensor Signal Gravity Waves from Inflation
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GW/scalar curvature: current from CMB+LSS: r < 0.3 95%; good shot at 0.02 95%
CL with BB polarization (+- .02 PL2.5+Spider), .01 target; Bpol .001 BUT
foregrounds/systematics? But r(k), low Energy inflation
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INFLATION NOW  PROBES NOW

w(a) = pga; w(a)=w,+w_(1-a)
pla) | 1+wy= -0.01 +/- 0.1
14+Wq = -0.0 +/- 0.06 0= 001+70.19

-05

W, = 0.0 +0.6-0.8

piecewise parameterization
4,9,40 modes in redshift
9 & 40 into Parameter eigenmodes

data cannot determine >2 EOS parameters
DETF Albrecht etal06, Crittenden etal06, hbk08

0:=0.13 0:=0.33 05=0.58

'CMB +SN

-] 5 ] . . 1 i T ’
0.3 0 0.5
Q

a
.E 4 O= 0.0 +/- 0.09 if constant, € 4 0= -0.015 +/- 0.3 if a-linear model

02




Cosmological
Constant (w=-1) I N F LATI N
. 04,
Quintessence V() = w' (1+cos(d/f))
(1<w<1) i =2.41Vh meV |

0l._, =0.24nf
Phantom field 06 f=1.2x10"Ge

(w=<-1)

Tachyon fields P RO B E S 08

-1=w<0)

K avenc NOW

(no prior on w)

trajectory probability: ~1 e-fold => blind is bad => slow-to-moderate roll +

-d/np¢ /dIna /2 €= (d|nV/d1P)2/4 @pivot A,

=Cgp(a) =(1+w)23 Cs= +-1.001d2InV/d? 14 @pivot a,,
= ¢ f(a/a Aeq s a/a a,. q,Cs) Cg =ding, Idina xi2 @pivota_




measuring € Cs a =0 tracking (SNeuwion+CMB

wmapS+acbar+cbiSyr+b03+ +W chhtls+cosmos+ LS SsdssRG+2dF+ Lya)
2

€= (dinV/ dl]))zl4 @pivota,

€ 01 + .25 -28 1

-03+.21-25 3

-.03 + .26 -.30 2
§s= +-1.001 dzll'IV/Ch[)2 /4 @pivot A,

Zs =dIn€g /dIna x1/2 @pivot A
ill-determined now

0.2 0.25 0.3 0.35

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




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
now ESA /Eucid ESA (+NAS CSA)

INFLATION

NOW

PROBES |
TH EN | o

BAO (JDEM) ‘
— +0. 07 [ B Weak Lensing (DUNE, 5 bins) |
s =0.00 : 21 MCMB +SN+WL+BAO ]

N 1+0.6 3 y.
Cs~dlnss/dlna/z U.l_.l7 ~ o 03 0.4

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

Probing the linear &
nonlinear cosmic web
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CMBology
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Standard Parameters of Cosmic Structure Formation

New Parameters of Cosmic Structure Formation:
carly-inflaton & late-inflaton trajectories

¢ (1w

+ subdominant isocurvature/cosmic string/ tSZ ...
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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? ) + Planck1lyr
now ESA /Eucid ESA (+NASA/CSA)

o T a.=0 case
— +0.07 1 S
£,=0.00 0.06

Cs ~din€g /dIna 12 ill-determined

0.1+52

T

Supcmava (JDEM) - no tomography
CMB (Planck) 1 . 2bins
BAO JDEM) 1 i 5 bi.ns
B Weak Lensing (DUNE, 5 bins) | .~ 8bins
MCMB # SN+ WL+BAO - -
03 0.4

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




