the universe is comprehensible!!!

Gravity=Geometry=Mass-Energy

cosmological constant 1917

Qdm = dark matter (in
labs?)

Q = ordinary matter
kntz)w at 3 — 1917

Sipples In spacetime moving at the speed of

QBH & neutron stars ~2011, from the

J| quantum early Universe ~2010? {25/



CIfAR Cosmology & Gravity Program

12 fellows (all but 3 new/repatriated Cdns)
1 institute fellow
6 scholars (all new/repatriated Cdns)

all in Canada (UVic, UBC, UofA, McMaster, PI, UofT, CITA, Queens, McGill)

22 Associates
US, UK (4), Canada (3, incl 2 ex-fellows)

7 Board Members (treated as associates for interaction)
To 04/07 US (4), Germany (1), Canada (2)
Now US (5), Germany (1), Canada (1), UK(0)

+ 47 PDFs, 51 grad students (+ undergrads) in Canada
Review Committee, Jun 06, Part 1 and 2; Bibliometric Assessment of CIAR’s Cosmology & Gravity

Program [Science

CIfAR YES decisions Research Council Oct 06, CIfAR Board Nov 06




String theory
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Magnetars, double pulsars Gravity Waves
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“The most beautiful
thing we can
experience is the
mysterious. It is the
source of all true art
and all science. Those
to whom this emotion
IS a stranger, who can
no longer pause to

- wonder and stand rapt

In awe, are as good as
dead: their eyes are
closed.”

Albert Einsteln



The
Universe

s Radiant

Arno Penzias [
Robert Wilson &+




The Nobel Prize in Physics 2006
(also Gruber Prize in Cosmology 2006 for Mather + the COBE team)

"for their discovery of the blackbody form and anisqjtgopy of the cosmic rp_icgowave background radiation”

John C. Mather 1946- George F. Smoot 1945-

CosmiC MICROWAVE BACKGROUND SPECTRUM FROM COBE

THEORY AND OBSERVATION AGREE

Dipole: flow of the earth in the CMB
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Nasa’s WMAP satellite @ L2: launch
2001.5, 1yr data 2003.2, 3yr 2006.3

-

Planck satellite @ L2: launch 2008.
T ESA+NASA+ Cdn Space Agency

MAP & Planck orbit @ L2, |
the 2nd earth-sun Lagrange point |




Chemical Elements:
(other than H & He) 0.025%

Radiation:
0.005%

Neutrinos:
0.47%
Stars:
d 0.5%
B A Free
e H & He:
Cad S 490
Dark Matter:

chm:22'5 + 3%
Dark Energy:

(), =73+3%

Gravity Waves

Qe ~1014-10011Go
~10-7

QBIackHoIes 10




large halo of dark matter
70s/80s

relics or remnants?
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Hubble “Cosmic Evolution Survey”

* 2 deg” Hubble Space
Telescope data
(largest ever Hubble
program)

* > 2 million faint

galaxies with
measurable shapes

Hubble: JWST [ ®
(+TMT+)



EINSTEIN ... 1905 international year of phy
v NEW LAW OF GRAVITATION (1916)

v speed of light is the ultimate speed (HOR
v Space is curved by mass

v Lightwaves bend, wavelengths change, u

Gravitational lensing of
deep galaxies by
clusters

s CIARto RCS 2001
KECS2 now
Weak lensiqgavi Canada
11

- W

Legacy Survey 2002-08

Hoekstra, van
Waerbeke

#7 CIAR




a starless

y y Cluster Lens Locates ey

dark age Farthest Known Object N
before the : ; A SR
most distant R L
galaxies PR g

dwarflets &

the 1t stars o0 thousand

T z=1100

~750 million

form at z=7

compression 13

T

~2.1 billion
z=3

~11.2 billion ‘ "
z=0.18 : "

1°¢ [ight:
Cosmic
Microwave
Background

released at t
. ~13.4 billion
CompTeSSI on years since Big Bang

Zz=0 Kneib & Ellis with Caltech Digital Media Center
1100; formed at

~10%°



Galaxies at compression 10

ver the years I have been
! _harshly critical of the scientif
.1c commumty for wasung |

at the prestlglous CrlL ‘, )bserv-

: & rono- | “UtraDeep” work of Richard Ellis et al. CIfAR Associate
| mers at the nval Fendleman Observato-

1y charged matwhatﬂlqu;éyfmkle | TMT: Thirty Metre Telescope %

naise on the lens. Both groupé of as-

tronomers say they plan touse these | JWWST: James Webb Space Telescope
new ﬁndmgs to obtam even larger tele;-
'scopes "

SKA: Square Kilometre Array
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How will Accelerators cast Light |
on the Dark Side of the Universe? |

Carrl's Acealareief
2008

i uhl—'o”“ Accelerator:

If Dark Matter interacts with ordinary matter by more than gravity, we may “see”
It at the Large Hadronic Collider 2008+ or at SNOIlab 2008+ in Sudbury
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ACCELERATING

LINIVERSE

Braaltbersigh of the Year

CFHT
SN
Survey

Carlberg,
Pritchet,

et al.

Y now
300 SN1a

oyr
500



“To me every hour of
the light and dark is
a miracle. Every
cubic inch of space
IS a miracle.”

— Walt Whitman

Every cubic inch of
space is a miracle!
e cOsmic radiation
o dark matter

e dark energy

* Neutrinos

e gravity waves

e virtual particles

* Higgs potential

e extra dimensions




Worldwide Interferometer
Network

DANGER:
BLACK HOLES

MERGING *‘-..

Now-2013+

~km scale

detect .001 nuclear
radius




LISA

W#I

201777 DANGER:
L0 SuperMassive
~5 million km scale BLACK HOLES

detect .001 atomic radius MERGING



e Cesm ology today - |
1) Space and trme geometry shapec by mass energyﬁ
2) Ongrn oa brg bang 13. 7 aeons ago g
3) Evglution: ?",#'_W expandrng coolrng acceleratlng
4) Arrangement | gataxres |n the cosmrc web :
5) Composition: - * dark matter and dark en-ergy

> i * B

: - z [ = -. - _E'"
- 4 = = T, e,

ﬁ'Ifhe‘re issgrandeur in this view ... from .
so simple a'beginning.eneliess forms -~ -
most beautiful and most V\#Dnderful have
been, andﬁre berng evolved. -
P - Charles Darwin

. The Orrgrn of Specres




detect £, in lab; detect primordial €25y
QA (time,space)
Then (103/s) inflation ,
Now (13.7 x 109yr)
dark energy mystery

our CIfAR future: to the
early & late Universe thru

Experiment + Theory
(CMB+Lens+SN+clusters + S
LIGO/LISA/BBO for gravity waves + gli—= A
SNOIlab/CERN/ILC for dark matter) &=




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

It is primarily for
this knowing & its
Inspiration to young
minds that the world
IS spending tens of
billions of dollars on
the cosmic quest for
fundamental physics

The world wide web,
technological space
spinoffs, amazing detector
& computational advances,
are (important) asides




(L ' EATE U inflate (again)
IT fro o B IT a cold death? reheat/rebirth?

? o \NOW 14Gyr1

Pythagoras formed

Inflation fluctuations
form: quantum jitter

103 sec 10%°

Galaxies Cluster
Cosmic “web” of
vast filaments +

membranes

Protons/Neutrons Life forms on
form arth
Helium forms o) Gyr 1.4
100 sec 10 .
carbon/oxygen/etc
F} form
Cosmic background &Galaxies form
radiation released from
matter ? Gyr 4

carries imprint of
fluctuations in matter which ‘ _ ,
grow to generate galaxies etc. The ‘Meaning’ may change

0.4 Myr 1100 But the facts will remain
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