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CIFAR Cosmology & Gravity Program: >1985, Bond Director 2002-17 20 Sr Fellows &
Fellows (5@UofT), 21 associates + 6 Advisory Board members; CITA: 6+ faculty, >20 PDFs &

Sr RAs + ~15 grad students; Bond: projects 3 grad students, 2 SrRAs, 2 (++) PDFs

Cosmic standard model SMc = xCDM, x=dark energy-tilt: what is U made
of? Planck15 dark energy, dark matter, baryons, CMB, CIB, CnuB, GW: Pdm/pPb=5.43

Ode/Pdm =2.593 Q1=0.32 £.009, Q,=0.68 +.009 =>

BSMc Beyond the SMc g €2 (t,X), neutrino properties, inflation anomalies

How Structure in the Universe Arose?: fluctuation generation in curvature from
an early inflaton: POWERIna,isoc,GW(k): isocurvature, Gravity Wave;

(coherence + quantum noise => incoherence via entrop¥/lnformatipn generation) via_
nonlinear lattice simulations of multiple scalar fields at the end of inflation & “ballistics

=> CMB/LSS Anomalies and intermittent non-Gaussianity cf. perturbative non-
Gaussianity, correlated & uncorrelated. probe with CMB + LSS large surveys
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CMBology precision cosmic parameters Planck 2013-15-17 intensity + polarization
+ ACTpol + BKP +SPT +LSS => Spider, Advanced ACTpol => Simons Obs => CMB Stage 4, ..

LSSoIogy CHIME, COMAR, Euclid ... cross correlations: CMBxLSS )
morphs into the nonlinear Cosmic Web: clusters SZ, filaments, voids; galaxies Mass-
peak-patches, N-body, gas to “Mock Heaven” tSZ, kSZ, CIB,CO, Hl, optical (HOD), CIB,CO,HI

What is the fate of the U: (coupled?) dark energy driving late inflation
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- : : : sigh, Mother Nature puts her
BSMc = SMc + primordial anomalies Pl @ ey e Gl

variance => tantalizing ~ 20’s?

early Universe maps of curvature fluctuations from CMB data

( < T,E>+5(, {=Ina(x,t)|n Planck 2015 XVIl nonGaussianity paper )
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Planck 2015XX Inflation-paper or
CMB anomaly in power sQo\» L~20
Planck 2015 XVI Isotropy & Statistics paper eoo\e’ LSS
hemisphere difference in \\\e‘q" void?

power ~7% at low resolution
intermittent?



Compton Scattering (Sunyaev-Zeldovich)
Simulations for ACT, Planck, Simons Obs
& CMB Stage 4 Cluster Observations
Using high res Gas Hydro Sims

HI Intensity Mapping
simulations of CHIME / HIRAX ..

z=0.8-2.5, ~(8 Gpc)®

0.00 < z < 1.25
8Gpc, 4096° Box

Gaussian
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Dick Bond, CITA & CIFAR

SuperWeb of ultra-Ultra Large Scale Structure of the Universe
a highly strained & stressed state in the universe at large (very, very). it is randomly
simple in our Hubble patch, but highly NL-entangled in the small to medium scale
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