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CMB ~2012: Planck2.5+WMAP9+SPT/ACT/Quiet+Bicep/QuAD/Keck/ABS +Ebex/Spider

0.3

Planck', Isky=0.75 Pillar 7? Gravity Waves

Spider, faky=0.15 r<0.1V /(10"6Gev)*
pider+Planc = 168 ~ 'Bnt

0.2 . .
nearly uniform acceleration
.. r = 0.13 dinVidiny?
~ ~0.03-0.3 80s-90s-03
0.1 string-based many-moduli
’ inflation: roulette (hole sizes in a
compactifying manifold) & brane
inflation (separations), cyclic
rto+x0.02 ensemble of trajectories
0.0 r tiny < 10°"%, but some
models give ~.03-.05
-0.5 0.0 0.5 J
—_— n, r<0.02 95% CL

| ¥ | + Pillar 4: primordial non-Gaussianity  -9< fy; <111 (+- 5-10 Planckl)
Wednesday, June 9, 2010




acceleration trajectories then & now
(14W) = - dinptot / dIna® = 2/3 €

0.1 |
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T bestfit T (1+W)3/2 now] -

— 1o trajs \ ]
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[ bestfit N
e 005 \ - 1o trajectories 3\ 1
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PRIMARY END

CMB ~2011+ Planck1+WMAP9+SPT/ACT/Quiet+Bicep/QuAD/Quiet +Spider
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PRIMARY END

CMB ~2009+ Planck1+WMAP8+SPT/ACT/Quiet+Bicep/QuAD/Quiet +Spider+Clover
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Pillar 7? Gravity Waves
GOOOA" ensemble of trajectories arises I\
many-moduli string models, whether

4000braney or holey. Roulette
ogoginflation: complex hole sizes in
0 |6D TINY r<10-10 ¢ ng from
data-selected braking!

0 |(theorem”: Ay< 1 -> r<.007)
—100K <

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

20 I~.03-.3!is Ay~10 deadly?/
10
0 Even with low energy inflation, the
prospects are good with Spider plus
0.1 Planck to either detect the GW-
induced B-polarization or set a
0.05 [strong blind upper limit r<0.02
indicating stringy or other exotic

0 models. Both experiments have
strong Cdn roles. Bpol 20207, to
r~0.002

+ Pillar 4: primordial non-Gaussmmty

-4< fnL<80 (+- 5-10 Planckl)
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Pillar 7
SPIDER Tensor Signal Gravity Waves from Inflation

Dec [Deg]

60 |

80 =

100 0

100 200
RA [Deg]

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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Pillar 7
SPIDER Tensor Signal Gravity Waves from Inflation
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v T T T T T T T T ¥ v v T ] NObel
Baryometers Prize 84
CMB/LSS P .
e Willy
Fowler +
N 3 Chandra
e -sekhar
¥
Steigman07,
BBN Ann Rev =+
e 1
1 .; e‘i fi o 1(')]() / — 94 /2
N = (ng/mn,) =274 Qb
S 2 h Janmary 2000  January 2002 § June 2002 Januarv 2003  March 2003
!-'LP‘ 0.0339700546  0.022275:0037 J 0.022175:0050  0.022170:0058  0.023375:0033

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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How the First Cosmic Light llluminates
the Dark Universe
the dark seen from the 70s, 80s, 90s, 00s

** the high resolution frontier: the insides of clusters via SZ (SuZie,..,
Acbar, QUaD, ... CCAT, CARMA++,ALMA,GBT.... ACT, SPT, Planck)

the polarization frontier: down the damping tail, through Planck (and
ACTpol, SPTpoal, ...)

the CMB computational horizon: simulations & Monte Carlos

the CMB computational horizon: optimal de-nuisanced maps from
large-format arrays; algorithmic advances, foreground/source issues

** Theory of inflation & dark energy: the non-Gaussian frontier
%eyond fnL templates -4< fn<80 now to fn ~ £5 Planck; will Gravity
ave B be big enough to detect r(k)? DE w (z|V(y),IC) trajectories

NC Yy ViU UIC JiVl: 111 UTOL VI UIC uNM UviTidiie & uic dnviilidivuo

** the polarization frontier: the quest for B-modes and primordial
gravity waves - small-sky (Bicep, KECK, Spider), Planck+small-sky;,
need for a CMBpol??
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CBI pol to Apr'05 @chile CBIZ Quiet] Quiet2

QUaDb @sP @Chile 1000 HEMTs
500MO03@LDB Bicep @SP Bicep2 Keck/Spud@s
EBEX ABS@
WMAP @L2 to 2010 Planck09.4 @LDB___Chile
iaer

52 bolometers

DASI @SP ' 2312 bolos
+ HEMTs @L2 ! Mo 05
CAPMAP 9 frequencies 0
Herschel CHI
BLAST W01
2004 2006 2008 LHC Bpo
2005 2007 2009 @L2
Dotos  BLASTROl  Couer
SZA @SPole Polarbgalr
Cal 300 bolos
@ @Cal/Chile
s 3000 bolos SPTool
i “ APEX 3 freqs @Chile CToo
A ~400 bolos SCUBA?2 d AILMA
GBT @Chile 12000 bolos CCAT@Chile
JCMT @Hawaii LMT@Mexico
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L)
.40 5 C o C 0 JIC o Uclc AllOI1 U U Jdl ¢

dark matter abundance (),,=0.268 +.012 -.012

Janmary 2000 January 2002 June 2002 Januarv 2003 March 2003

2 <+0.0 oany+0.031 ’ § +0.026 o= +0.021
.(_)q'|h“/' ‘, l()\ =0 "- l"'-‘. "-‘.'-].\‘ l'-l.}l (|.“-)". "-l—" ,:'.“-—,--y ‘. IJ l )‘ l

CMB-only hlstory (weak-h prior). LSS-then drove to near current

dmh2 0.1145 +-0.0023 CMBall+WL+LSS+SN+Lya
(Qph? 0.0233 +- 0.0005 ordinary matter abundance (baryons)

<=> Qdm/pb =5.1 >

5 +0).28 )+ l )+‘ 17 "'"+“ 14 )+(
‘(')-1 (.")l—llq.fl ' ~—0.,20 ll 0. 1¢ |, —0.19 ’ 0, l”

CMB-only history (weak-h prior). LSS-then drove to near current value

dark energy abundance Q24=0.736 +.012 -.012

& Ho=72 +-1 CMBall+WL+LSS+SN+Lya
= pm/Pde =300

c=-dInH/dIna=1+q: now =3/2[Qmo +(1+w)(1-Qmo)] ~0.407?, to 0?
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standard inflation space: n, dn/dInk r =T/S @k-pivots

WHAT IS PREDICTED?

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

large field inflation (field moves > Planck mass)

(stringy cosmology) r<10-1°

small field inflation (field moves < Planck mass => r<.007)
Bond, Kofman, Prokushkin,Vaudrevange 07, Roulette Inflation with Kahler Moduli and their Axions
Barnaby, Bond, Zhigi Huang, Kofman 09, Preheating after Modular Inflation

monodromy (V=cosine+linear) & fibre inflation give larger r

current r constraints (95%CL) - prior sensitive
r<0.16 (no running, all data sets)
r < 0.32 (no running, CMB-only data sets)

inflation conmstency
r < 0.27 (with running, all data sets)

-n: =r/8 =2¢&(K
1-ns =2&+dIing/dinHa
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PRIMORDIAL GRAVITATIONAL WAVE DETECTABILITY WITH DEEP SMALL-SKY CMB EXPERIMENTS
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Spider-24d (fsky) cf. Planck-2.5yr. QUIET/KECK/ABS/EBEX... similar

Planck f,,=0.75 (no fg)

Planck f,,,=0.75 (fg)
| Spider f,,,=0.75 (fg)

06 0.08

Planck, f4,=0.75
Spider, f,,=0.75

0.5 0.0

foreca;;.‘ing QU not EB 20, “:b. 02 for 0.02 < fsky 3<0 15
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0.3

0.2}
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0.1

0.0

-0.5

Planck f,,=0.75 (no fg)

Planck+Spider éno fg)
Planck+Spider (fg)
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7

Planck, fsky=0.75
Spider, fsky=0.15
Spider+Planck
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Planck f,,=0.75 (no fg)

Planck+Spider (no fg)
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standard inflation space: n, dn/dInk r =T/S @k-pivots

What can be observed?

forecasting QU not EB

Spider 20,~0.02 for 0.02 < fsky 0<0.15
Planck2.5yr 26,~0.02 => ~0.05 (foregrounds)

Marzieh Fahrang, Bond, Dore & Netterfield 2010

What is predicted? ???
0<r<0.5, -12<log(r)<-0.3




compress data onto non-top-hat k-modes oo e

. . p p totCls, best—fit
partially-blind scalar In-power trajecteries & usual P tgtCIEI, 1]05;’8t f‘.t :
- - ensCls, best—I1
r-n: tensor - no consistency relation. Nov09 data [ tensCls, 1 o 1
| DATA: WMAP-5yr TT |
100 i T T | T T T | T T T | T T T | T T T | T T | 7 knots, cubic sp]ine
L 7 knots lo 2 ] %4000 i
: cubic spline — best—fit #, : € I
i lo 2, | <
I A¢* model P, — best—fit P, | X 1
=2000 =
“““ A¢* model 2, m2¢$? model Pg
T m?@? model 2, i
Q;.. B ] 0 HETTTTTTRRRTRTeTITY s - Ll .
5 1000
&,
° 0l v T T
=) * I ]
= 1w} . [ :
L \ - 0.08 - totCls, best—fit =
B . F totCls, 1 o b
R - — : tensCls, best—fit :
i ] §0.06 I tensCls, 1 o i
& r 7 knots, cubic spline
- -1 \'-. -
2 -
" 1l Too4f
1 1 I 1 1 1 I 1 1 1 I 1 ] 1 i 1 1 L I 1 1 0 02 __ B i
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compress data onto non-top-hat k-modes -
partially-blind acceleration trajecteries obeying |
tensor/scalar consistency relation. Nov09 data t
100 i 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 ] z‘:‘nr‘“:‘ ‘:‘““ d ok ||‘
5 7 knots lo 2 - . —— .i
B cubic spline best—fit 2, < :
I lo 2, | TT |
i —— best-fit ?, | : |
m2¢? model Pg :_
i m?¢2 model P, 7
o | ' L
o r
Sé 10 T S B —] 0.1 »-- Rttt B e S
B T 0.08 } totCls, best-fit
B b totCls, 1 @
L _ tensCls, best it
;‘; 0.08 | tensCls, | ¢
i ] ? scanning d Ine/d Ink
_-_: 7 pivols
i l : 0.04
0.02 | BB
In [k/ Mpec!] |
100
|
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compress data onto non-top-hat k-modes

Planck2.5 7 knot forecast W|th n}flgtlon
con3|stency, |nput r=0

100 I I I T T I T T T I

lo Pg4
7 knots

best—fit Py
lo 2,

best—fit 2P,
fiducial #g
““““ fiducial P,

10_—

10

1010 |27, 2P,
ey 2
8 ® H

0.05 01 0.15 0.2
1(0.002Mpe ™ 1)

K = 0.002 Mpc-!

In [k/ Mpc-t]
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compress data onto non-top-hat k-modes

Spider-24days + Planck-2.5yr + ... 7 knot InPs
1o forecast for =0 (+ fgnds)

SPIDER + PLANCK + EUCLID + CHIME

- 7 knots, cubic spline 7
T
L ; I -

2 Y
10 | = ol -
C 3] = 3
o [Te)
S S
o o
I I
— 4 x 10 ?s
& best—fit #g
s 10 91
S 1F best—fit £,
o ]
S
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EUCLID
-—-- WL Pk
BAO
RN --- WL Pk + BAO
— Target (BAO + WL Pk & bk)

DE EOS & the CMB -

constrains Qm

BAO with BOSS prior N \\\
All with PLANCK2.5yr prior AN N
-0.5] N
\ \
\\ \\
\\ \
< N
~ N\
N _,'
| l . I
-1.2 -1 0.8

Wednesday, June 9, 2010




Quintessence V(1)
& KE<0 Phantom?
3-parameter paving of trajectories

w(z|€g O Cg )
Huang, Bond, Kofman 10

€g= (dInVldw)2/4 @pivot A,

=.00 + .18 -.17 current
to =.005 + .031 -.025 future

Prior: Planck2 Syr ’,’/ WL,/’

O.¢ ~tracking parameter

=.00 + .21 +.58 current €,
to =.00 + .034 +.093 future

Cg ~d4InVidy?

~ not constrained
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Window functions for the dr/r- response to relative uncertainties in EE,BB
power spectra: complementarity of Planck & small-sky Spider etal

1072

107° -
f.,=100%
f=25%
f-ky:?% X=B
X=E -eoeennees
10-8 PR R A A 1 I B
10 100

Wednesday, June 9, 2010



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 - COld Inflation) dimensions
Chaotic inflation

New Inflatlon
Double |nf|at|o Power-law mﬂatlon @RA m@
87/03 adical BSI inflation @ee variable Mp) inflatio Extended |nf|at|on

1990
@pNGB@ < Hybrid inflation >
KLS94 preheat"‘SUSY S Assisted inflation
SUSY D-ter
inflation Brane inflation
2000 SUSY P-ter Super-natural
Inflation

2003 KKLT (N-flation ekpyrotic/

D3,D7 brane w@ DB mflatlon cyclic

moving brane arped Brane
separatlons Racetrack |nflat|on Tachyon inflation inflation

moduli fields monodrom /m inflation Kahler modulllaX|o
Q;g f|bre inflation
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large-field

small-field

0

n )G foecast for r=0

S Al
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Standard Parameters of Cosmic Structure Formation

ns"":At A

°ldn g /dIink T
| +W0, Wa 0 ~ Cs_l @ ~ ang

new parameters: trajectory probabilities for early-inflatons|& late-inflatons

artially) blind cf. informed ‘‘theory” priors

primordial non-Gaussianity

D(x)= Dg(x)+ faL (Pc*(X)-<Ds?>) 2 INnF
local snidoth 8 .

DBI inflation: non-quadratic kinetic energy € x2/3= 1+W( a)
cosmic/fundamental strings/defects ¢ 3
from end-of-inflation & preheating = - dlnp(l)/ dina

®(x)= Do(x)+ FNL(p)-<Fni> ] + subdominant
, isocurvature, cosmic string,
resonant preheating & fends, tSZ,kSZ, ...
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. : acceleratio
trajectories
J dark ener ia
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Ina

03 reconstruction o' directV to 4th
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& : = L Y R

e 0L 2 ol e 2|

= — best fit = " —best fit ol
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S S
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0.3

0.2

I +W

-0.1

0.2

] | | I 1 1] ' 1
quintessence/phantom

_—

all current data, Nov 2009

|

3-param E=(dINV/dy)2i4 -

hubble drag g .= d?InV/chp? /4 :
0.1

-

=

ad 1 1

0.2

0.4

oo

o

is the dark energy “vacuum potential energy” ?

a 3-parameter expansion paves
even wild late-inflaton trajectories

semi-blind mode expansion

| ! | 1 | | I 1 ' ] |

" cubic spline, 6 pivots |
: = -
i | W RN
L1l Il | 1 | l | |
0 0.2 0.4 0.6 0.8 1
a

TEST: within errors, energy-density does not change with

expansion =Einstein’s cosmological constant is best fit so far
cannot reconstruct the quintessence potential, just the slope €_ & ~hubble drag
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is the dark energy “vacuum potential energy” ?

I LI B | I LI l |} l LI I LI ] 1

§ - all current data, 2009 . 0.1 i— future data, ~2012
+ OO0 [ Hitthitiitisnid + 00 Eij
; 1 -1 E 3
05 = SN+cMB+Lens = 02 E_LenS+PIanck+SN_§
v by by 7 C oo b Ly
0 l 2 0 1 2
z z

TEST: within errors, energy-density does not change with
expansion =Einstein’s cosmological constant is best fit so far
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CMB DATA ANALYSIS
Computing Life with

~3000 detectors
ACT ~200 GB/night -
WMAP - 50 GB/7 yrs, poas A oo 0
Planck 2-4 TB total : 3780 negem Ll AR
306 TFI d t as #16 in Top500
2 weeks of ACT=all of . 4 oy — Op
Planck TCS: 104 P6 nodes=3328 cores
60 TFlops debut as #53 in Top500 ->80
+ huge Monte Carlo
simulation needs
hydro etal
25M+5M hours/year
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CMB gets
entangled
e e s DE SRR e in the
400 IR S R e cosmic web

ACDM , aka the

descent

WMAP5 55 S : R o | e into the
‘ RN e W e S real
gas IS SO Te e S astronomy

density of

Gadget-3 LIRS EIWEIDLE gl s PeoSates @ S5 0% B IGM/ISM
S Bt 2

5120 K e e el CSR S U8 turbulent
e B e PSRN NS times

bl Bty LJiJ_ﬂ?l;,:J TN RN L¢)14‘__144_; 1.j;1
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WMAPS

gas
pressure

Gadget-3
SF+

winds

+CRs ;}
5123

SN E+ Mg

CMB gets
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in the

g cosmic web

aka the
descent
into the
real
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IGM/ISM

weather,
dust
storms

&

turbulent
times
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ACDM
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gas
pressure

Gadget-3
formation

shocks 2

only aka

adiabatic K

5123

ELaA ’
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1]_#1-1111'111111’_?1171111_1111_1_171.1121_1111"'
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Variations in SZ with cooling and feedback

® |Ist - adiabatic (no star
formation).

® 2nd - + gas cooling + star
formation +CR

e 3rd-+"“AGN?"” feedback as
well. Note pushing out of gas,
softening of cluster cores

Cooling+SFR+Feedback 2*¥2563 ~20 hours on 96 cores (out of 30240)

All 3 prescriptions have the same basic KE/Thermal Energy content ~20%
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Variations in SZ with cooling and feedback

® |Ist - adiabatic (no star
formation).

® 2nd - + gas cooling + star
formation +CR

Deg

e 3rd-+"“AGN?"” feedback as |
well. Note pushing out of gas, ., S
softening of cluster cores

Cooling+SFR+Feedback 2*¥2563 ~20 hours on 96 cores (out of 30240)

All 3 prescriptions have the same basic KE/Thermal Energy content ~20%

Wednesday, June 9, 2010



Variations in SZ with cooling and feedback

® Ist - adiabatic (no star At
formation).
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Variations in SZ with cooling and feedback

® |Ist - adiabatic (no star .

formation).

® 2nd - + gas cooling + star
formation +CR

e 3rd-+"“AGN?"” feedback as
well. Note pushing out of gas, .s
softening of cluster cores

Cooling+SFR+Feedback 2*¥2563 ~20 hours on 96 cores (out of 30240)
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All 3 prescriptions have the same basic KE/Thermal Energy content ~20%
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Variations in SZ with feedback

< - :
: ) 2 l

3] \
v[h' Mpe | v [ i Mpe ]

+ gas cooling + star formation +CR + “AGN” feedback

high res ICM follow-ups are essential to make a robust
cluster catalogue for cosmology ...
Battaglia, Bond, Pfrommer, Sievers, Sijacki 2010
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the high resolution frontier: SZ power spectra
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ACT@5170m
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v

why Atacama? driest desert in the
world. thus: cbi, toco, apex, asti,
act, alma, quiet, clover

CBi2@5040

e AR,
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| S v T v | v T 1 v Y L v T ' T 1 1 | NN B S )
CMB 2009.1
SL | <ATwM)Z>LL+1)2
3 % CBI
E _ . WMAP S5-year
X o s pillars 1,2,3 } QUaD 2-year
& § - : ACBAR 150 GHz
E 1st 2nd 3rd 4th 5th peak
! A & damping tail __
} \ - |
i pillar 5? “SZ exc?ss”
o E TCOBE
.reg'mel....1‘,..1...,1l‘,.1,..1
O 4 500 1000 1500 2000 2500 3000

pillar 4: as random as can be given this spectrum
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pillar 4: as random as can be given this spectrum
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