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Milky Way in infra-red:

half a billion stars, a disk galaxy

£ Sagtiarius

in 3D: large dark matte



Cosmic Web of 60,000 nearby galaxies:

exhibits “local” COMPLEXITY
a~e0.1=1/1.1 je 0.1 e-folds

~1 billion light yrs

Uies Corona
Borealis

s cluster

Coma

Yirgo
Cluster

2

o
¥i-superclus

Horologium Pavo-lndus

Pisces-Cetus Sculptor
observational emergence of the web = ~80s tour de force, e.g., Coma supercluster ++. voids
interconnected structures from a Gaussian random adiabatic field under gravitational instability
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Earth under Strain: £=strain tensor Universe under Strain:
earthquakes, seismic waves space-quakes, gravity waves

. . . . : . - i i
elastic deformation dxi=ejidreq’ eji=a, /<a> scale-deformation ay

anisotropic strain, shear waves €=Trace(€)/3 SULERUCILE ST, EHEA] TS

isotropic strain, sound Trace(€ OGRS SF: e : :
: linear: strain « tide

osmic web story

light and gravity are entangled: wavelength stretches under space-strain: redshift CMB

inflation theory = vacuum deformation under strain, condensate(t) + quantum fluctuations

Hawking BH evaporation = vacuum deformation under strain, condensate(t) + quantum fluctuations
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BICEP3

California+
South Africa

C-BASS 5 GHz

Tenerife (+South Africa?)

QUIJOTE 11, 13, 17, 19 GHz
(2015/16 - 30, 40 GHz)

California
B-Machine 40 GHz

& futures CMB-S4, more ballooning, back into space
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why Atacama? driest desert in the world. thus: cbi,

toco, apex, asti, act, alma, quiet, polarbear, CLASS,

CCATp@5600m, Simons Observatory, CMB Stage 4
also @South Pole - water vapour sublimates out
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Comparison of CMB Space Experiments: Resolution, 420°, 12.5’, ~5-7’
COBE 89 launch WMAP 01 launch Planck 09 launch

Planck

goal: high enough resolution to plumb all cosmic parameter information. but high L foregrounds,
extragalactic sources => higher L expts ACT (1.4°), SPT (1’) => SO/S4 (1’)



Comparison of CMB Space Experiments: Resolution, 420°, 12.5’, ~5-7’°
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Comparison of CMB Space Experiments: Resolution, 420’°, 12.5%, ~5-7’

COBE 89 launch WMAP 01 launch Planck 09 launch
Planck +ACT
3 : *

goal: high enough resolution to plumb all cosmic parameter information. but high L foregrounds,
extragalactic sources => higher L expts ACT (1.4°), SPT (1’) => SO/S4 (1’)
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Planck’s primordial light unveiled, Mar 2013 => Feb 2015 => pre-2016 => July 2018+ final
reveals the SIMPLICITY of primordial cosmic structure

7t numbers, 3 densities, 2+1 early-Universe inflation
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Planck’s primordial light unveiled, Mar 2013 => Feb 2015 => pre-2016 => July 2018+ final
reveals the SIMPLICITY of primordial cosmic structure

7t numbers, 3 dens:tles 2+1 early-Universe inflation
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Lensing
potential @
a2D
projection

-0.0016 0.0016



Planck’s primordial light unveiled, Mar 2013 => Feb 2015 => pre-2016 => July 2018+ final
reveals the SIMPLICITY of primordial cosmic structure

7t numbers, 3 densities, 2+1 early-Universe inflation
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Planck’s primordial light unveiled, Mar 2013 => Feb 2015 => pre-2016 => July 2018+ final
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reveals the SIMPLICITY of primordial cosmic structure

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

~=>inharmonious, coloured nOISE in the CMB
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MB theorists

vary X in XCDM: find X by the tests



the “Seven Pillars” Bond & Efstathiou 1984/1987 GUCMB =»
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Grand Unlfled CMB Spectra
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inflation 1997/98
cf. inflation 2018
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dark energy from Planck alone! CMB

lensing breaks degeneracy Planck 2018 |

TT,TE,EE+lowE
— +lensing
Bl BAO

—0.10

n, =0.966510.004 P/8VI

— 6l

— 5!

5(

8.80 from 1
Qn =0 6889+0 0034 P/8VI

Wy: -1.04£ 0.1
QK. .0007 £ 0.004



Ol i(r scale-tensor of the Universe

ayl = <a>0j+ gyl
€=strain tensor

; , - . the star of our show

& 3 : - energy-density & gravity are entanglec

. , . « . ., lsotropic strain & energy-phonons
s > AL Btiea VT Traces"] @uniform density



<¢ |lemp, E poI>-WeDSKY reveals early universe phonons
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<¢ |lemp, E poI>-WeDSKY reveals early universe phonons
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Beyond the Standard Model of cosmology? SMc = tilteaACDM +r aka (¢,N+x)
BSMc = SMc + primordial anomalies in the true { -WebSky

< é' | TE- po > anomalies @ low L => sample variance limited ~20’s
J
Grand Unified Theory of Anomalies?

& ~~ >4.50
iz, QO <1%
o o - Q\6 X6 L~20
SeS =S IECC AT

S
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the true quadratic (-VWebsky of the (-SCape

Planck 2018 X inflation: TTTEEE lowL Epol + CMBlens + BK15 BB + BAO
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headline: uniform acceleration ruled out, m2¢p? ruled out
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headline: conformally flattened potentials OK, includes R? inflation & Higgs inflation, a-attractors
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headline: Gravity Waves vs {: apart from the CMB T map, this r-ns map most shown Planck figure

headline: conformally flattened potentials OK, includes R? inflation & Higgs inflation, a-attractors
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relicl: { from inflaton - observable = all cosmic structure CMB&LSS & stars/humans & ..
amplitude & slope <-> acceleration history & Veff simple over observable range 9

relic2: entropy cooled remnant of particle/field plasma post-inflation Stot = ScmB +S cnuB

10886 &

relic3: baryon asymmetry of matter over antimatter Nparyon/Stot 9
10-10.06

relic4: dark matter from quark/gluon plasma - only seen gravitationally WIMPS, axions,..

26.6 £ 0.7%
relic5: big bang nucleosynthesis products H, He, D, Li (influenced by CnuB - weak physics)

relic 6: CM B with all its fluctuations & polarization VvV

relic 7: galaxies & large scale clustering, flows, gravitational lensing - tomography with redshift

relic 8: dark energy - let it be dynamical (few params) & coupled (more params)
68.5 £ 0.7%



SIMPLICITY Planck2018 early U structure map

at a~e~7~1/1100 => + i} L
+tam-B7-55 ~11030+25 2* numbers - red strain-noise

T+E constrained nean of 10”5zeta; fwhn = 15 arcnin

a picture of the quantum phonon field ~ In d(x,t)

-Trace afj from the birth of the universe @ a~1l1 030¥25
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Overall loudness In1Q10 Powers—3 05+O OI4
g bass/treble ng =0.96710.004 8.80 from 1 most celebrated Planck result
=> g(n,) SimonsObservatory 0.002
constant ng is a superb 12-band fit (over k~ .008 to .3 /Mpc) B+Huang in Planck 18 X
Tensor-to-Scalar ratio (GW) r <0.06 P18+BKI15
=2 Za(r) SlmonsO 0.006 CMB S4 0.001 theblrd 0 002 - if dust is not too complex

S ) (M : ‘;"\{“_ e :“ " ey
CMB+LSS =future fundamental physics laborz
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