We shall not cease from exploration
And the end of all our exploring
Will be to arrive where we started
And know the place for the first time

—T.S. Eliot
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reveals primordial sound waves
=> the inharmonious ‘music of the spheres’

7" numbers, 3 densities, 2+1 early-Universe inflation

Temperature changes
in micro-degrees



reveals primordial sound waves

=> the inharmonious ‘music of the spheres’ in 7" numbers
=> |learn matter & energy content & structure at a~e’ 380000 yr
=> infer structure far far earlier a~e'?7~1/10 in 2 numbers

like cIassncaI mu5|c
(all parts of the audible spectrum are used),
with slightly more bass than treble
but also like noise
Planck’s most celebrated ﬁndln

n. =0. ).9608£0.0054 50 from 1

Temperature changes
in micro-degrees



how was matter & entropry
generated at the end o
acceleration = inflation?

Relate it to the Higgs & standard model?
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http://www.youtube.com/watch?v=FW__su-W-ck&NR=1
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best-fit P1.3yr TT model predicts the polarization. works perfectly at all frequency cross correlations
strengthens the case for the Galactic/extragalactic nuisance parameter model being accurate

teaser for 2014

EE polarization
[J. Beringer et al. (Particle Data Group), [Planck 2013 results. XVI.
00 Phys. Rev. D86, 010001 (2012)] Cosmological parameters]
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a long path to constrain the B-mode of polarization atthe r =.02 to .05 levef of P2.5 forecasts

[ o QUAD
o CBI

{(¢+1)CEE /2 (uK?)

CMB Lensing induces B-mode of polarization from E-mode: Detection of B-mode Polarization in the
Cosmic Microwave Background with Data from the South Pole Telescope Hanson+13 using Herschel sub-
mm+SPT-E-mode x SPT B-mode to confirm detection at 7.7sigma



Spider24days+Planck2.5yr:

r-nt matrix-forecast
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CMB Power Spectrum Propaganda
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CMB Power Spectrum Propaganda: best fit basic 6 cosmic parameter model

Angular scale
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CMB Power Spectrum Propaganda: best fit basic 6 cosmic parameter model. Superb fit
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Angular scale
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Excellent agreement between the Planck temperature spectrum at high | and the predictions of the tilted ACDM model.
Checks with polarization data provide full support to this conclusion.

extensive grid of cosmic models strongly constrain the x in tilted ACDM +x, x = subdominant deviations

Planck basic parameters (Q», Ho ...), agree with BBN, BAO measure of acoustic scale. but H, lower than HST, small age change
No evidence for additional neutrino-like relativistic particles beyond the three families of neutrinos in the standard model.

The first 30 multipoles are low for the standard ACDM, with no obvious explanation.

Exact scale invariance ruled out, ns < 1, at >40 Planck alone, >5.4c0 Planck + WMAP polarization

No substantial evidence for beyond basic single field slow roll, Bunch-Davis vacuum, standard kinetic term inflation. fx.
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the sound of the machine: replay
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lensing breaks geometrical degeneracy: WMAP+ACT+ACTlens alone
cf. Planck alone cf. Planck+BAO
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lensing breaks geometrical degeneracy: Planck alone cf. Planck+BAO
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WMAP W—band 7 year
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Boomerang 143 GHz

Boom vs HEI 10 150 K o
SachsWolfe filter -15¢ -100 50 © 50 100 150
low pass filter

Jones13




Boom vs HFI Boomerang 143 GHz
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Boom vs HFI Boomerang 143 GHz
Silk damping filter =~ ~300 me—— 500 uK_cmb
high pass

Jones13




Boomerang 145 GHz
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reveals primordial sound waves

=> the inharmonious ‘music of the spheres’
in 7" numbers

Temperature changes
in micro-degrees



lensing breaks geometrical degeneracy: WMAP+ACT+ACTlens alone
cf. Planck alone cf. Planck+BAO
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lensing breaks geometrical degeneracy: Planck alone cf. Planck+BAO
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lensing breaks geometrical degeneracy:

Planck alone cf. Planck+BAQO
Planck1.3 cf. CMB+LSS
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P1.3: stacked intensity and polarization around hot & cold spots: data vs simulation
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BAO in the CMB - WMAP
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BAO in the CMB - Planck
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COBE 89 launch WMAP 01 launch

Planck 09 launch mgyll_)g Sa ?,u gr-biag olf tlJLSS
: 5 ields modulatin
Full-Sky Map reheating: intermittenq?(
rom rare event nonG tails

a homogeneous, anisotropic Bianchi VIl model:
ultralarge scale rotation/vorticity and shear, fit
parameters require high curvature - crazy

Grand Unified Theory of
Anomalies still TBDA

nomalies



The Cosmic Microwave Background as seen by Planck and WMAP

Planck




SIMPLICITY reveals primordial SOUNA waves in matter

at a~e~7~1/1100 = => learn contents & structure at 380000 yr, a~e"
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CMB Peak CMB Polarization

Statistics @CITA for Planck2014, 2015 ACTpol, ABS, Spider, AdvACT, GLP, ..

polarization rotated & stacked on TiuK Q. (UK
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SIMPLICITY reveals primordial sound waves in matter
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L<I34
anomalies

full Planck resolution Planck smoothed to 1deg fwhm
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L>1]34
o . concordance

Planck — fr;aqu:anc'y maps
Planck — CMB map
WMAPS
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S0 — 200 T{uK)

small scale leftover = where most of Planck’s information resides> 120X, > 4X WMAP9



SIMPLICITY
at a~e~7~1/1100 =>
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reveals primordial sound waves in matter
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COMPLEXITY ata~e™®7"?

Grand Unified Theory of
Anomalies in Polariza}

primordial nonGaussian

fr: 2.7 * 5.8 local for Newton poteﬂntl Ak
=> fyLr =0.44 % 3.5 for phonons/3-curvature o . T e rare
from end-of-inflation & preheating chaos cold spo

intermittent CMB power bursts from super-bias of a
Ab (x),g(x) modulating Gaussian field landscape scan

CNL(X)= Ta(x)+ F(Xb(x).g(x))

ANALYSIS

bubble collisions CVMB WHITEN => MASK => FILTER BANK =>

Euclidean SO(4) => real SO(3,1)=> EXTRACT hierarchical PeakPatches
50(2,1) collisions, oscillon broken f;sc, = oxtra dimension: scale space analysis

hot & cold peaks agree with BE87 Gaussian stats npk(<v)
PLANCK2013: 826°, 105 peaks, coldest -4.970 1:497



reveals primordial sound waves
=> the inharmonious ‘music of the spheres’

in 7. numhers
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reveals primordial sound waves
=> the inharmonious ‘music of the spheres’
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reveals primordial sound waves
=> the inharmonious ‘music of the spheres’
in 7° numbers

zeta uncertainty, 1000 realizations, smooth scale fuhmn = 30 arcmin

+1.42 I

Temperature changes
in micro-degrees



Planck+Herschel Launch May14 09 Fr. Guiana

— . " -
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1.5m telescope, HFI bolometers ACNOSIS
@6freq <100mK, LFI HEMTs@3freq, OB ORI

; ‘f“ " o
some bolometers & all HEMTS are ™ ‘55}? 5
polarization sensitive

HFI+LFI performance to SPec or betterg b@

e Yo

\? HF ». -
v 4

Left earth at ~10 km/s, 1.5 million km in 45 days, cooling on the way (20K, 4K, 1.6K, 0.1K 4 stage).
@L2 on July 2 09 -almost no trajectory correction @operational temp; Survey started on Aug 13 09

spin@1 rpm, 40-50 minutes on the same circle, covers all-sky in ~6 month, ~5 HFI surveys, ~8 LFlI



0.35

0.30F
025}

020}

T
Spider(-like), f,,=0.08 ]
Planck(-like) , fy,=0.75 |

CMBPol(-like), fy,=1 ]

0.15} -
[ with lensing 4
0.10L L
-0.4 0.0 0.4

h

0.05

0.04

0.03

0.02

0.01

testing tensor consistency? .

better fsky=25% for spt3g/AdvACT-like

than current 6% goal for spt3g

0.35

0.30

0.25

A N

Spider(-like), f,,=0.08 ]
Planck(-like) , f4y=0.75 ]

CMBPol(-like), fy,=1 ]

0.20}
0.15}
[ nolensing 4
0.10L 1
-0.4 0.0 0.4

0.4

0.4

AdvACT: Cosmological Forecasts

Inflation
- Planck E
+WP + BAO
- (2013) .
: AdvACT -
o, = 0.003
B aﬁercleaning_
1o
094 096 098
nS
Dark Energy
AdvACT-ALL

AAvACT measurements
CMB Lensing X LSST

ksZ X BOSS

05

1.0

& Planck2.5, Spider, future SPT3g, CMBpol

3.6

Neutrinos
AdvACT-ALL

3.2 AdvACT measurements
% . Clusters + HSC
— 30 ksZ X BOSS
2.8
2.6
2.4 PRl TR P W
0.0 0.2 0.4 0.6
zm, [eV]
]3 - - -
Reionization
12 ~AdvACT
(temperature)
1 1o e with AdvACT low-¢ EE
~ (€, =20)
N
10 WMAP-9 (10 contour)
]




how was matter & entropry
generated at the end o
acceleration = inflation?

Relate it to the Higgs & standard model?

& !
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a=  lwhatis the inflqton’s potential energy? S
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drift

in lattice simulation
detectingr~ 0.2 =>
shape not too flat
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www.youtube.com/watch?v=FW__ su-W-ck&NR=1 ! 5 & 7 8



http://www.youtube.com/watch?v=FW__su-W-ck&NR=1

