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Abstract:

How did the universe begin? How did it evolve to what we see now?

There was a time when few people believed such questions could even be posed in scien
instruments deliver their treasure trove of data, the answers may be within reach.

On Wednesday, October 25, Perimeter Director Emeritus Neil Turok will tackle this intrig
Lecture, Secrets of the Universe: Hiding in Plain Sight?
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Secrets of the universe: hiding in plain sight?
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ESA solar orbiter

outside
the sun

Pirsa: 23100117 Page 4/51




inside
the bang

Credit: Pablo Carlos Budassi
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COBE 1992
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the solar spectrum
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Planck’s postulate

light
comes in
packets of energy
(photons)

hc
E—hV—T
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ESA Planck satellite

power spectra
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Lambda CDM:

just 5 fundamental parameters
matter/energy

1. cosmological constant A

2. dark matter

3. nucleons

primordial density waves

4. amplitude 107>
5. “red tilt” 0.04

astonishingly simple!

Pirsa: 23100117 Page 12/51




“red tilt”: longer waves are slightly stronger
(7 times* the wavelength = 4% greater amplitude)

suggestive of “critical behaviour”

- |

critical opalescence

*6237
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cosmological constant (aka “dark energy”)

- gravitationally repulsive: causes the universe to blow up
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“seeing” the dark matter with gravitational lensing
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Atacama Cosmology Telescope
(2023)

our galaxy

Projected Dark Matter Mass Density
| High |
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Heisenberg’s

microscope

CRITIQUE OF THE CORPUSCULAR THEORY 21

a) Determination of the position of a free particle—As a
first example of the destruction of the knowledge of a
particle’s momentum by an ap-
paratus determining its position,
we consider the use of a micro-
scope.” Let the particle be moving
at such a distance from the micro-
scope that the cone of rays scat-
tered from it through the objec-
tive has an angular opening e. If €
\ is the wave-length of the light *
illuminating it, then the uncer-
tainty in the measurement of the
z-co-ordinate (see Fig. 5) according to the laws of optics
governing the resolving power of any instrument is:

A
A:’C—;m—e . (I6)

F16. 5

But, for any measurement to be possible at least one
photon must be scattered from the electron and pass
through the microscope to the eye of the observer. From
this photon the electron receives a Compton recoil of
order of magnitude #/\. The recoil cannot be exactly
known, since the direction of the scattered photon is un-
determined within the bundle of rays entering the micro-
scope. Thus there is an uncertainty of the recoil in the
x-direction of amount

Ap,n—»g sin €, (17)

and it follows that for the motion after the experiment

Ap.Ax~h . (18)
:N. Bohr, loc. cit.
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waves spread
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particles kick
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particles kick % fé/p Apy~p 9~70
g

& Ax

= Ax Ap, ~h

Heisenberg’s
uncertainty relation
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the smallest visible length
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the Planck length
10733cm
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the largest visible length: >

Lambda “horizon” ——»

10+32C?’n “«—i
(due to A’s repulsive gravity) y

'/l\‘

L
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Large Hadron
Collider
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all known physics

q,: 7_\\

gravi{y particles Higgs
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maybe that’s all there is...
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all known physics
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maybe that’s all there is...
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Forces Y

Gravity\
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Forces

Gravit\;\

SU3xSU2xU1

clectron neutrine | muon neutring 4 tau neutrino
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heavy right-handed neutrinos:

(H)

1%
Vg5 s

explain the observed light neutrino masses (70’s)
via “seesaw” mechanism
they might also comprise the dark matter
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We found we could explain their abundance if we assumed
the universe to be symmetric under CPT

i |

ast — 0, scale factor a(t) «< t
extends uniquely to negative times
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the big bang is a CPT mirror

Latham Boyle+NT
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Stability of one RH neutrino = lightest neutrino is massless

(H) (H)

Vv 147
L Ve

this is now being tested using EUCLID and LSST surveys
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IH

Consistent with Penrose’s hypothesis: the initial singularity was “conforma
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the big bang was a special type of singularity:
ast — 0, scale factor a(t) o« t

conformal zero
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IH

Consistent with Penrose’s hypothesis: the initial singularity was “conforma
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the puzzling large-scale geometry of the cosmos

.'..';:.-__;-,.,__',._.._. S -:. S s Penrose
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