the BOUNDed fiow of information =~ “To me every hour of the light

the BOUNDIess thought and dark is a miracle. Every
T

W ¥ ] cubicinch of space is a miracle.”
P B L MO, R — Walt Whitman

c= ot w2 din every teaspoon ~ 5 cubic cm
el 1. Ordinary Matter 0.7 amu nm-3 in air
« cosmic photon radiation 412 cm-3

* cosmic Neutrinos ~cosmic photons
* gravity waves << cosmic photons

« Dark Matter ~amu m= ~5xOrdinary

compressed in MilkyWay ~0.1 amu cm3;
for LHC-type relics ~1 every 10 cm

 Dark Energy ~vacuum potential
~ 3 amu m= ~ 2.3 x <matter-energy>

 vacuum fluctuations virtual particles
the origin of all the cosmic structure we see

- Higgs vacuum potential
« extra dimensions here, now? 62
www.cita.utoronto.ca/~bond/bondtalks/bond TEDxUofT_13_05_18.pdf
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http://www.cita.utoronto.ca/~bond/traj/talks/bond_rci_public_09_11_01.pdf
http://www.cita.utoronto.ca/~bond/traj/talks/bond_rci_public_09_11_01.pdf

Milky Way 1953-55 in stars: a disk galaxy

halo of Dark Matter

1970s/80s around galaxies;
1930s around clusters.

mass in Dark Matter =5.36 +0.12 X
mass in Ordinary Matter (stars+gas)
on average in the Universe
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Compiexity of here & now May 14, 2009

French Guiana

the Primoraial 1ignt,
released 13.8 billion years ago,
380000 yrs after the “Big Bang-s\gss

7 veils

Milky Way 2013 in dust. rain, radlo-wave “carbon monox:de
emissions,; plus stellar, X-ray, gamma ray, cosmic ray emissions .

The Planck one-year all-sky suruey Eesa

(c) ESA, HFI and LFI consortia, July 2010
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me primordial light unveiled, SIMPIICItY of there & then st

released 13.8 billion years ago, 380000 7.|. num bers
years after the “Blg Bang” b S T LS T o
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in micro-degrees
scale = 1 now when we observe this 1st light
scale = a~e"7~1/1100 smaller when the 1st light was released, billion X denser

1
QD
L
D
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cosmic web of nearby superclusters < 1000 million light yrs: local complexity

a~e01=1/1 1 IR

. RN, P .
Sakis : Ce ore r:E neslis
Capricomus ;

Sugmchsen P " Supercit we observe
?,w FE TG L g alaxies out
78 DA SEARICEAL o i S 0 a time
)‘ S A Jr‘ BEA T == ECA \Vhen the
: ¥ |4 . R 3 universe was
R EE R RS e R a=e 23=1/10
7§ "“"ﬁ , Sl BN 11l in
W, oL *%:”' ik SR A R OVverall scale,
‘!&f, i i average

density
1000X larger

o

} I

no galaxies
formed when
the universe
was smaller
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Simulation of the 7 number random mass fields begets
the Cosmlc Web clusters now a~1 & galames “then” a~1/5

1300 BB AR ;
Million E Slmpllcnty to Complex:ty under Grawty ' 2=e%=1 now

light |
years

state of A
the art §

simulation
of

0aS
density SRCRRCESOPIC Il SIS T SRt an
matter SEERERENIES RO Bl
& dark S
energy B




Simulation of the 7 number random mass fields begets
the Cosmlc Web clusters now a~1 & galames “then” a~1/5

1300 BB
Million E Slmpllcnty to Complex:ty under Grawty i a=e%=1 now

light

years simulates gas

state of Pueest e SBEIER: R i R = 2y from 1 to

the art HERITERRRE- % fllament; B o, PO TN i (s o 0.1

simulation | ' & a~e - ~1/1.1
of

gas EEERN
density SEEEEC.S
& dark &%

matter SRS

& dark S
energy B

5120 S
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Simulation of the 7 number random mass fields begets
the Cosmic Web o clusters now a~1 & galames “then” a~1/5

1300 P
Million E Slmpllcnty to Complex:ty under Grawty a=e%=1 now
light EEES

year simulates gas

state OF s T00 BATRN o e o e Ry oy SN
R . s filament! o oo teh T 0.1
simulation | " 3z a~e - ~1/1.1
of

Genslly Rty i M D e i, LY, ~ 111030425
& dark B e S e
matter SEIENS w0

& dark SSe

energy BEEE

5123

Friday, 17 May, 13




" " he N ke
the primordial || ®eewtorkEmes Space & Cosmos

March 21, 2013

Google Planck
Satellite 2013
results: yields
926,000 links

I* Government Gouvernement
of Canada  du Canada

EMVIRONMENT SPACE & COSMOS

Universe as an Infant: Fatter Than Expected and Kind of
mpy

Canadian Space Agency

Home > Audiences > Media > News releases > 201
> Canadian astronomers reveal surprising new portr

Canadian astronomers reveal surj
Planck space mission sheds light on tI

Longueuil, Quebec, March 21, 2013 - Th
ever made of the most ancient light in the U
& and that the

UNIVERSITY OF

% TORONTO *

rse

Euwrop=an Spaps Agency; Flanck Colabombon
A view of the cosmic microwave background collected by fhe European Space Agency's Planck satellite. The heat map of
the cosmos was imprinted on the sky when the universe was jusi 380,000 years old.

By DEMMIE CWERBYE
Plancking at U of T: space | Pubilshed: March 21, 2043 345 Comments

Astronomers released the latest and most exquisite baby picture yet FACEDOOK
PLANCK of the universe on Thursday, one that showed it to be Bo million to TWITTER
CITA-ICAT | Light 100 million vears older and a little fatter than previously thought
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SIMPLICITY

at a~e""~1/1100 =>
at a~e 87+60.9/1(30+25

reveals primordial sound waves in matter

=> learn contents & structure at 380000 yr, a~e
-67+60

7

=> jnfer the structure far far earlier a~e

observation

]
G (dEg)

Intensity (hot spots)

theory

-1

e
“‘5*.‘?"‘ gt
w3 .,‘}

2 1 o -1 -2
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SIMPLICITY

at a~e""~1/1100 =>
at a~e 67+60.4/1(30+25

e

]
G (dEg)

Intensity (hot spots)

-1 -z

2 1o
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reveals primordial sound waves in matter

=> learn contents & structure at 380000 yr, a~e
-67+60

-7

=> jnfer the structure far far earlier a~e
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SIMPLICITY

at a~e""~1/1100 =>
at a~e 87+60.9/1(30+25
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reveals primordial sound waves in matter

=> learn contents & structure at 380000 yr, a~e
-67+60

-7

=> jnfer the structure far far earlier a~e

SRR 7+ numbers
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SIMPLICITY reveals primordial sound waves in matter

-7
at a~e""~1/1100 =>
=> learn contents & structure at 380000 yr, a~e
at a~e07+60~1/1030+25 67+60

-7

=> jnfer the structure far far earlier a~e
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d d aAL.dlde dlC 2 peyvyonda o 0 U d €a Ud oliei UUd Ul d

Multiverse?

P Horizons: the ultimate-speed constraint on light & information

NIVERSE VERSE

®

-

-

, higer
dimensions 67

NIVERSE

IVERSE

o

QJNIVERSE  '.:.<-.-. :

=~ our
horizon

~1 Giga light yrs
our current horizon

~50 Giqa light yrs
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Let there be vacuum potentiq)l
energy Dark Energy to e 1707

Let there be the cosmic web

quantum jitter e 127 4, 67

Let there be Heat: matter &
radiation forms a~e'67

Let there be Dark Matter, light
nuclei a~e21 0 e73°

Let there be Light: 1st Ii%ht
released, 1st atoms a~e”

Let there be 1st stars a~ ™3
1st heavy nuclei (0, C,Fe,..)
We shall not cease from exploration galaxies form e 1-2 (5 22
And the end of all our exploring | et there be earth a~e-0-34

Will be to arrive where we started
And know the place for the first time | (110 ko Bty
—T. S. Eliot

Let there be Dark Energy toe™* ™™
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,,,?% we think most | [ERULICRLREIGN o] iE]

. of the Volume energy Dark Energy to g 1707
of the Universe Let there be the cosmic web
has not Banged 127 Y 4

- quantum jittere " <" to e
; Let there be Heat: matter &
_ Our ’? ;ang radiation forms a~e®7
(72 AN Let there be Dark Matter, light
a "5- nuclei a~e 21 1o e73°
P Let there be Light: 1st Ii%ht
released, 1st atoms a~e”

Let there be 1st stars a~ e
_ 1st heavy nuclei (0, C,Fe,..)
We shall not cease from exploration galaxies form e 12, g2-2
And the end of all our exploring | et there be earth a~e-0-34

Will be to arrive where we started
And know the place for the first time | (110 ko Bty
— T. S. Eliot
will our patch re-Bang? No Maybe SV, W Energy toe***
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