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Velocities: Observed vs.
Expected from Light
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DARK MATTER

Distance from Galactic Center
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CosMIC EXPANSION

coordinate coordinate
position x; v+ position xi

/

time t; : distance is a1 | xo-x1 |
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CosMIC EXPANSION
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t,>t; : distance is a» | x2-x1 |
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COSMOLOGICAL DISTANCES
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Ax:/ —dt:/ — da
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In an accelerating Universe, the distances between
objects are greater for a fixed factor of expansion
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SUPERNOVA |IA DISTANCES
REVEAL ACCELERATION
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DARK ENERGY

. Interstellar Pianos
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DARKS ENERGY

PHEN O M N (o) Fle)ch ¢

e o

Einstein’s cosmologlcal constant Or a vacuum
energy with P=—g¢raremdistinguishable

For lack of theory, cosmologists benchmark
experiments by their ability to measure w=P/o

The dark energy density dilutes as poca=!"""

Time dependence is usually constrained using
a Taylor expansion, w(a) = wy + (1-a)w,




CONTEMPORARY DARK
ENERGY CONSTRAINTS
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® wis best
measured at a

w=-1 when z=0.3 -
(or a=(1+z)'1‘=0.75) :

when

* Best current limit on w=-1 and constant is 6iv = 0.15

Sunday, September 5, 2010 15



Sunday, September 5, 2010

16



Dark Energy: Harder than catching Bin-Laden
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ON THE COSMOLOGICAL DISTORTION EFFECT

JEROME KRISTIAN
Washburn Observatory, University of Wisconsin

Recetved August 25, 1966

ABSTRACT

Detailed equations for the effect are given, and an unsuccessful attempt to measure it on 200-inch
photographs of clusters of galaxies is described. The results give an upper limit of 2 X 1078 yr~2 for all
components of the incident magnetic-type gravitational field and 0.6 X 10718 yr—2 for at least some
of them. These numbers are not very stringent tests of the Friedmann and steady-state models, but
seem to be about the best that can be done with this kind of measurement.
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JA GRAVITATIONAL LENS

IMAGE OF SOURcE’f”i‘i‘:ﬁi*- =
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0= 9 % LENS MASS

ACTUAL SOURCE

D;s: Lens- Source ( s
Distance Dor: Observer-Lens
Distance

Amount of Shear ~ Mass x Dis Dot1/Dos
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WEAK LENSING
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CMB POWER

TEMPERATURE SPECTRUM

AN ANALOGY:
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AN ANALOGY: CMB POWER
TEMPERATURE SPECTRUM
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ACDM

0,=0.26
0,=0.74

1.0<z2,<1.5
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NEXT GENERATION
EXPERIMENTS

Joint Dark

Dark Energy S b N Missi
2. : ner ission
Survey (DES) Large Synoptic ]DEgl%’/I/SN AP
Survey Telescope
First Light ~2011, (LSST) >2019 ?
First Results ~2013 First Light ~2015,

First Results ~2017

Sunday, September 5, 2010 29



1.5

0.5

WEAK LENSING

CONSTRAINTS ON DE

ACD

0,=0.52
w=-0.6
w=-1.4

0.5

Sunday, September 5, 2010

1

0.8

ACDM

0,=0.52

0.5

1 1.5

2
Z

2.9

3

3.5

4

30



ACDM

0,=0.26
0,=0.74

1.0<z2,<1.5
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DES: 0.057
SNAP: 0.051
LSST: 0.012
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HOoOW GALAXIES AFFECT
SHEAR SPECTRA

e 0.2 T B T
D = L

) £ .

- * Can lead to ~60
A “bias” in inferred
E ! logical
b | €0smologica
i
= parameters (wo,wa)!

o

O \

ik =)

- 0 B= ' * How can we test
,L = = Non—Radiative Gas - dark Cnergy Oor our
=~ o
il Galaxy Formation = thEOl‘y of grav1ty?
Bl = 2
'—'_O 1 e | i Sty e

1) 1@

Sunday, September 5, 2010 35



PROGRAM?

Sunday, September 5, 2010



o
o
o
Y
o}
S
©
Qo
S
)
2
Q
[y
w
=
®©
e
c
>
w



AWESOME
XPERIMENT
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BIASES

UNACCOUNTED
BIAS PUTS YOU
HERE

| — —. —:"' !

AWESOME
XPERIMENT
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- UNACCOUNTED
= BiAs PUTS YoU
HERE

AWESOME
EXPERIMENT

“DEGRADE”
EXPERIMENT FOR
SYSTEMATIC ERROR :
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= | UNACCOUNTED
= BIAS PUTS YOU
| HERE

AWESOME
EXPERIMENT

CALIBRATE
BIAS?

“DEGRADE”
EXPERIMENT FOR
SYSTEMATIC ERROR :
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PARAMETER BIASES
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o QNFW o (C R/RVIR) (1 +C R/RVIR)
® “c” IS DIMENSIONLESS HALO “CONCENTRATION
PARAMETER”
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THE HALO MODEL

.3

galaxies galaxies

* Compute correlation statistics using halos as
the fundamental unit of structure
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Modity Halo structure,
account for contraction,
compute lensing spectra

D

galaxy formation

, 1000 — non-radiative Gas =

dissipationless n-body - Halos in baryonic

simulations look like

10 N NFW halos with
1 L Il modified concentrations

100

0.1
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Dark Energy
Parameter
Estimation

Ba—

- ===(Galaxy Formation Mosdel

- N—-Body Simulation
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Gray: After
Calibration
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c(M)=cy(m/m, )*(1+z)*#

c(M)=c,,(m/m_ )*
<[(1+z,,)/(1+2)]f

1. .
piv iv
— 7
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SNAP 9.0 x10'3 h-1M,
DES 1.1 x10% h-1M,
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SHEAR TOMOGRAPHY
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Halo Model Smith03

EG(Wa)/aperf(Wa)

* Treatment of nonlinear structure influences the
goals and approaches of forthcoming experiments
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1. Develop a better understanding of nonlinear
cosmological structure growth, including:
1.1. Galaxy Formation Processes
1.2. Energy injection by Supernovae & Active
Galaxies ...
2. A Simulation program is necessary
and will broaden the scope of
future missions

3. We may soon have unprecedented constraints
on
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