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dark energy

O Baryons
@ Dark Matter
(O Dark Energy

Sectors of Concordance Model:
(i) Dark Energy, (ii) Dark Matter, (iii) Gravity and (iv) Initial Conditions
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A as a Curvature )

A as a Vacuum Energy )

Quintessence )

Vacuum Energy
( Phantom
Withi

Xperimenta
Systematics

Grey Dust )
Interpretation
Tired Light )

Two effects: Background and structure growth
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Relevant Equation for DE

Dark Energy W = P/p C2

Equation of State
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Geometry:

H2 (Cl) — Hg |:QV€‘[ —3[W(Cl)‘|—1] dlna _|_ Qma—3 —|_ Qra_4 L (Qtotal L l)a—2]
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Growth of
Structure:

51228 =5 (47Gpm — csz/az)
a

ESA/ESO WGFC.: astro-ph-0610906
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Dark Energy Probes T s
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® Measurements of Dark Energy:
Weak Lensing N |
Galaxy correlations (inc BAOs)
Supernovae
Galaxy Clusters
ISW

@ Each probe suffers from different systematics
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iCosmo: g e e
cosmology for every level

@ Repository of web-based resources for cosmology:
WWW.ICOSmMO.org

@ Background material on several topics in cosmology
(wikipages so still growing)

@ Web based cosmology calculations
(very easy to use)

@ Publicly available source code
(transparent box - i.e. opposite of black box)

sCosmo
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Gravitational Lensing
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http://icosmo.org
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Ray Shooting in Lensing
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source plane
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Lensing examples:
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Giant Arcs

Galaxy Cluster Abell 2218 HST » WFPC2
NASA, A. Fruchter and the ERO Team (STScl, ST-ECF) » STScl-PRC00-08
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Lensing examples:
Einstein Rings

Einstein Ring Gravitational Lenses
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Hubble Space Telescope » ACS

J073728.45+321618.5

J095629.77+510006.6

\.

J120540.43+491029.3

»

J125028.25+052349.0

J140228.21+632133.5

.

-

J162746.44-005357.5

J163028.15+452036.2

J232120.93-093910.2

NASA, ESA, A. Bolton (Harvard-Smithsonian CfA), and the SLACS Team
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Observer Image Source
plane Plane Plane
A A
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Equations in Lensing
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Weak Lensing Correlations
and Mass Reconstruction
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Correlation function

Fu et al 2005

Friday, November 20, 2009

Department of Physics/Institute for Astronomy

ETH

Eidgendssische Technische Hochschule Ziirich
Swiss Federal Institute of Technology Zurich

Dark matter distribution

Massey et al 2007
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Lensing Equations
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Lensing Correlation Function:

~qi(X)q; (x)
CE(ZJ) — . X2 PCS(]{: X)d

Lensing Weight Function:

3 H? > s —
(x0) = 39 T2 (14 20) [ malo) B XN gy
0

2

Bridle and King: arXiv:0705.0166
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Weak Lensing BT s
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Temperature map WMAP 3 year data
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1000.0 - mrrrmm T T 3007

@ Dark Energy Figure of Merit: :

FOM=1/(5WndWa)

@ Wide field imaging survey has threeE 100} f 200

basic properties: E ; -

Area (As) o |
Median redshift (zm) | 100 +

. 1o 10® 10° 10* 10° 08 09 10 1.1 1.2 13 14
Number of galaxies (ng) Area [Sauare degrees] Red-shift
1000 o—r——m——r————— 11—
[ [ Area 1
: : L R e
@ Choice between wide and deep _ el ner ]
@ When the median redshift is greater & R
than 0.8 it is always better to go J: g
wide 2 5l ]
@ Constructed a simple scaling = e
L] . 2» -
relation for survey designers 10 | e
10 100 2 4 6 8 10

Galaxies per square amin Factor Change in Time

Amara and Refregier (2007

Friday, November 20, 2009 Department of Physics/Institute for Astronomy



| |
Impact of Systematics BT s
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Cosmic Lensing
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Real data:

g~0.03
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Atmosphere and Telescope

Convolution with kernel

Real data: Kernel size ~ Galaxy size
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Pixelisation

Sum light in each square

Real data: Pixel size ~ Kernel size /2
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Mostly Poisson. Some Gaussian and bad pixels.

Uncertainty on total light ~ 5 per cent
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The Forward Process.

Galaxies: Intrinsic galaxy shapes to measured image:

Intrinsic galaxy Gravitational lensing  Atmosphere and telescope  Detectors measure Image also
(shape unknown) causes a shear (g) cause a convolution a pixelated image contains noise
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The Forward Process.

Galaxies: Intrinsic galaxy shapes to measured image:

Intrinsic galaxy Gravitational lensing  Atmosphere and telescope  Detectors measure Image also
(shape unknown) causes a shear (g) cause a convolution a pixelated image contains noise

Stars: Point sources to star images:

Y

ntrinsic star mosphere and telescope etectors measure mage also
Int t At f d tel Detect I I
(point source) cause a convolution a pixelated image contains noise
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A full weak lensing pipeline:
The broader context typical for cosmological measurements

I Convolution kernel
> (interpolated to the
I positions of galaxies)
Star images. I

I

| — — Shear (g)
| B

l Galaxy images.

— — — — — — — — — — — — —

greatid

Apply statistic
(e.g. correlation of

shear in pairs of
galaxies r apart)

Dark matter
I Dark energy
Cosmological physics

Goodness of fit
(eg- %)

Simulations of cosmology.
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Current and Planned Lensing ?:";gr.z:::&1:::?::;:‘.:,’;:';::::"
Surveys
Survey Diameter FOV Lensing Area Start
(m) (deg?2) (deg?2) (out of date)
DLS 2x4 2x0.3 28 1999
CFHTLS 3.6 1 172 2003
DES 4 2.2 5,000 2008
Pan-STARRS 4x1.8 4 x4 20,000 2008
LSST 8.4 7 20,000 2012
Euclid 1.2 0.5 20,000 2017
JDEM? 1.5 0.5 10,000 ? 2017

Friday, November 20, 2009
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Euclid - Project Status
Wide-field Dark Universe Mission proposed as a Theme to
2004 ; C \Ji
ESA’s Cosmic Vision programme
2005 |DUNE Phase O (pre-study) phase by CNES
2006 Recommendation of ESO/ESA Working Group on Fundamental
Cosmology
June 2007 DQNE and SPACE proposed to ESA’s Cosmic Vision (M-class
missions)
Oct 2007 |DUNE and SPACE jointly selected for an ESA Assessment Phase
Jan-May |Concept Advisory Team (CAT) to define a common mission
2008 |concept
May 2008 |Validation of the merged concept Euclid by the ESA AWG
May 2008 Formation of the Euclid Science Study team (ESST) to replace
CAT
Ma%lo-ojéme Technical study by ESA’s Concurrent Design Facility (CDF)
May 2008 |Call for Interest for instrument consortia and Industrial ITT
Sept 2008 Recommendation from Astronet Infrastructure Roadmap report
Sept 2008 -
Sept 2009 Assessment study phase
Jan < APT .\ clid JDEM interaction - IDECS
2009 uclid J interaction -
2010-201 | |Definition phase (if selected)
2012-2017 |Implementation phase (if selected)
2017  |ESA launch of the first M-class mission

ETH
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Swiss Federal Institute of Technology Zurich

é cnNes

P.l. - A. Refregier
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Euclid - Project Status

Wide-field Dark Universe Mission proposed as a Theme to

2004 ESA’s Cosmic Vision programme
2005 |DUNE Phase O (pre-study) phase by CNES
2006 Recommendation of ESO/ESA Working Group on Fundamental
Cosmology
June 2007 DPNE and SPACE proposed to ESA’s Cosmic Vision (M-class
missions)
Oct 2007 |DUNE and SPACE jointly selected for an ESA Assessment Phase
Jan-May |Concept Advisory Team (CAT) to define a common mission
2008 |concept
May 2008 |Validation of the merged concept Euclid by the ESA AWG
May 2008 Formation of the Euclid Science Study team (ESST) to replace
CAT
Ma%lo-ojéme Technical study by ESA’s Concurrent Design Facility (CDF)
May 2008 |Call for Interest for instrument consortia and Industrial ITT
Sept 2008 Recommendation from Astronet Infrastructure Roadmap report
Sept 2008 -
Sept 2009 Assessment study phase
Jan < APT .\ clid JDEM interaction - IDECS
2009 uclid | interaction -
2010-201 | |Definition phase (if selected)
2012-2017 |Implementation phase (if selected)
2017  |ESA launch of the first M-class mission
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foesa ESA-ESO Working Groups

+E(§+
%

Report No.3 Fundamental Cosmology: September-2006

Chair: John Peacock
Co-chair: Peter Schneider

arXiv:astro-ph/0610906
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Euclid - Project Status

Wide-field Dark Universe Mission proposed as a Theme to

2004 ESA’s Cosmic Vision programme
2005 |DUNE Phase O (pre-study) phase by CNES
2006 Recommendation of ESO/ESA Working Group on Fundamental
Cosmology
June 2007 DPNE and SPACE proposed to ESA’s Cosmic Vision (M-class
missions)
Oct 2007 |DUNE and SPACE jointly selected for an ESA Assessment Phase
Jan-May |Concept Advisory Team (CAT) to define a common mission
2008 |concept
May 2008 |Validation of the merged concept Euclid by the ESA AWG
May 2008 Formation of the Euclid Science Study team (ESST) to replace
CAT
Maélo-ojgne Technical study by ESA’s Concurrent Design Facility (CDF)
May 2008 |Call for Interest for instrument consortia and Industrial ITT
Sept 2008 Recommendation from Astronet Infrastructure Roadmap report
Sept 2008 -
Sept 2009 Assessment study phase
Jan < APT g, clid JDEM interaction - IDECS
2009 uclid | interaction -
2010-201 | |Definition phase (if selected)
2012-2017 |Implementation phase (if selected)
2017  |ESA launch of the first M-class mission
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P.I. A. Cimatti

P.I. A. Refregier

Euclid

-CSa

=T HIENIISDES@ESEIRD
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Euclid - Project Status
Wide-field Dark Universe Mission proposed as a Theme to
2004 ; C \Ji
ESA’s Cosmic Vision programme
2005 |DUNE Phase O (pre-study) phase by CNES
2006 Recommendation of ESO/ESA Working Group on Fundamental
Cosmology
June 2007 DQNE and SPACE proposed to ESA’s Cosmic Vision (M-class
missions)
Oct 2007 |DUNE and SPACE jointly selected for an ESA Assessment Phase
Jan-May |Concept Advisory Team (CAT) to define a common mission
2008 |concept
May 2008 |Validation of the merged concept Euclid by the ESA AWG
May 2008 Formation of the Euclid Science Study team (ESST) to replace
CAT
Ma%lo-ojéme Technical study by ESA’s Concurrent Design Facility (CDF)
May 2008 |Call for Interest for instrument consortia and Industrial ITT
Sept 2008 |[Recommendation from Astronet Infrastructure Roadmap report
Sept 2008 -
Sept 2009 Assessment study phase
Jan < APT .\ clid JDEM interaction - IDECS
2009 uclid J interaction -
2010-201 | |Definition phase (if selected)
2012-2017 |Implementation phase (if selected)
2017  |ESA launch of the first M-class mission
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‘ASTRONET aims to prepare long-
term scientific and investment plans
for European astronomy for the
next 10-20 years.’

‘Among proposed new projects in
[the M Class] category, the dark
energy mission EUCLID and then
Solar Orbiter were ranked highest.’

http://www.astronet-eu.org/IMG/
pdf/Astronet-Brochure_light.pdf
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Euclid - Project Status

Wide-field Dark Universe Mission proposed as a Theme to

2004 ESA’s Cosmic Vision programme
2005 |DUNE Phase O (pre-study) phase by CNES
2006 Recommendation of ESO/ESA Working Group on Fundamental
Cosmology
June 2007 DPNE and SPACE proposed to ESA’s Cosmic Vision (M-class
missions)
Oct 2007 |DUNE and SPACE jointly selected for an ESA Assessment Phase
Jan-May |Concept Advisory Team (CAT) to define a common mission
2008 |concept
May 2008 |Validation of the merged concept Euclid by the ESA AWG
May 2008 Formation of the Euclid Science Study team (ESST) to replace
CAT
Ma%lo-ojgne Technical study by ESA’s Concurrent Design Facility (CDF)
May 2008 |Call for Interest for instrument consortia and Industrial ITT
Sept 2008 Recommendation from Astronet Infrastructure Roadmap report
Sept 2008 -
Sept 2009 Assessment study phase
2009 )
2010-201 | |Definition phase (if selected)
2012-2017 |Implementation phase (if selected)
2017  |ESA launch of the first M-class mission
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Cosmic Vision - M Class

EUCLID

ﬂ\‘wppmg Ihe geometry of the'dark Universe 8

Partnershlps ESA-NASA
To map the geometry of the dark Universe

MARCO _POLO
‘Sample Refurn Mission

: Near Eonh,o
Partnerships: ESA-JAXA
Return to Earth multiple unaltered samples
from a NEO

CROSS-SCALE

Slnvestigoting Multi-Scale Coupling in Space Plasmas

Partnershlps ESA-JAXA-NASA
Quantifying the coupling in plasmas between
different physical scales in order to address

fundamental questions such as: how shocks
accelerate and heat particles; how reconnection
converts magnetic energy and how turbulence
transports energy from source to dissipation.

Friday, November 20, 2009

|
ETH

Eidgendssische Technische Hochschule Ziirich
Swiss Federal Institute of Technology Zurich

PLATO -

Next-generafion Planet Finder
Partnerships: To be confirmed
Discover and characterise a large number
of close-by exoplanetary systems, with a
precision in the determination of mass and
radius of 1%

InfroRed Space TelBbcope
Partnerships: JAXA-ESA
Understanding how galaxies, stars and
planets form and evolve as well as the
interaction between the astrophysical
processes that have led to the formation
of our own Solar System

SOLAR ORBITER

Exploring our nearest star
Partnerships: ESA-NASA
To produce images of the Sun at an
unprecedented resolution and perform
closest ever in-situ measurements

http://sci.esa.int/science-e/www/object/index.cfm?fobjectid=42437

Department of Physics/Institute for Astronomy
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Euclid - Primary Science Goals ETH o

Swiss Federal Institute of Technology Zurich

Issue Our Targets

Measure the DE equation of state parameters w0 and wa
Dark Energy to a precision of 2% and 10%, respectively, using both
expansion history and structure growth.

Distinguish General Relativity from the simplest
Test of General Relativity modified-gravity theories, by measuring the growth factor
exponent Y with a precision of 2%

Test the Cold Dark Matter paradigm for structure
formation, and measure the sum of the neutrino masses

to a precision better than 0.04eV when combined with
Planck.

Dark Matter

Improve by a factor of 20 the determination of the initial

The seeds of cosmic structures .
condition parameters compared to Planck alone.

Friday, November 20, 2009 Department of Physics/Institute for Astronomy
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Euclid Measurement Methods

@ Mission Drives: used for (i) instrument
design, (ii) survey design, (iii) maximising
performance within cost envelope

Gravitational Lensing (Galaxy Shapes)
Galaxy Clustering (Galaxy Distribution)

@ Additional Science: (i) cannot impact
instrument design (ii) may modify survey -
when not in conflict with mission drives
and (iii) should not increase cost

Cluster Counts
Integrated Sachs Wolfe
Supernovae

Legacy Science

Friday, November 20, 2009 Department of Physics/Institute for Astronomy
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Euclid Surveys

@ Wide Survey:
Simultaneous (i) visible imaging (ii) NIR photometry
(iii) NIR spectroscopy
20,000 square degrees
Median redshift z = 1
PSF FWHM ~0.18"
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Euclid Parameter Constraints kSR

Swiss Federal Institute of Technology Zurich

Current +WMAP’ | 0.13 - 0.01 0.015 | 0.0015 0.026 0.013 0.013 ~10
Planck - - 0.008 - 0.0007 0.05 0.005 0.007 -

Euclid Req. 0.018 0.15 0.004 0.012 0.006 0.004 0.007 0.022 400
Euclid Goal 0.016 0.13 0.003 0.012 0.005 0.003 0.006 0.020 500

Euclid +Planck 0.010 0.066 | 0.0008 0.003 | 0.0004 | 0.0015 0.003 0.002 1500

Factor gain on
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Technical Details and Control of Systematics

Friday, November 20, 2009 Department of Physics/Institute for Astronomy



|
Stable and well behaved PSF T e,

Swiss Federal Institute of Technology Zurich

Paulin-Henriksson et al, 2007, 2008

node | of the simulation

i calibration of the PSF,
—3»-| independently on cach
of N star fields SR

node 2 of the simulation
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- . the M galaxy shears =
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Wavelength dependent PSF ETH o
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* Measure the PSF as a function of wavelength using 020
stars
e Considered three contributions to the PSF =
- Diffraction limit § 0.15 | |
- CCD MTF =[] i
- Jitter T -
» We can correct the global effect by measuring the SED i e B
galaxies using photoz (Cypriano et al in prep) L pitter 1
* Work on Colour gradients is still on going X S T
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CCD Effects - CTI

e Radiation damage leads to traps in the CCD

e Through modeling of these traps their impact on lensing
observables can be reduced by a factor of 10 (used on HST)

e We have initiated hardware tests to better understand the
performance of the CCD’s

y [pixels]

s R

0 100 200 300 400 500
z [pixels]

600
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Intrinsic Alignment ETH s
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Treatment:
e Nulling
e Modeling
e Simulations

Z

For examples see
Bridle & King 2007, P
Joachimi & P. Schneider 2008

M. Schneider & Bridle 2009

Joachimi & Bridle 2009 ... II GI
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Guilllet et al 2009 Hahn et al 2009
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