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Euclid

Euclid main scientific objectives Consortium

» Understand the origin of the Universe’s accelerating
expansion

* Probe the properties and nature of dark energy, dark matter,
gravity, and

 Distinguish their effects decisively by:
« Using at least 2 independent but complementary probes
» Tracking their (very weak) observational signatures on the

« geometry of the universe: Weak Lensing (WL) and Galaxy
Clustering (GC)

» cosmic history of structure formation: WL, Redshift-Space
Distortion (RSD), clusters of galaxies (CL)

» Controling systematic residuals to an unprecedented level of
accuracy.



Euclid top science objectives

[Dark Encrgy

Measure the cosmic expansion history to better than 10% for several redshift bins fromz = 0.7
toz= 2.

Look for deviations from w = —1, indicating a dynamical dark cnergy.

Euclid alone to give FoM>400 (roughly comresponding to 1-sigma crrors on w, & w, 0f 0.02
and 0.1 respectively)

Test of Gravity

Measure the growth index, v, to a precision better than 0.02

Mecasure the growth rate to better than 0.05 for several redshift bins betweenz = 05 andz = 2
Separately constrain the two relativistic potentials @ and y

Test the cosmological principle

[Dark Matter

Detect dark matter halos on a mass scale berween 10" and >10" Me,.
Measure the dark matter mass profiles on cluster and galactic scales.

Mecasure the sum of neutrino masses, the number of neutrino species and the neutrino hierarchy
with an accuracy of a few hundredths of an eV

Initial
bonditions

Mcasure the matter power spectrum on a large range of scales in order to extract values for the
parameters o, and r 1o 0.01.

For extended models, improve constraints on » and & with respect to Planck alone by a factor
2

Measure the non-Gaussianity parameter f; for local-type models with an error better than = 2.




Euclid observational probes

' Lcnsing (WL)

Measures the expansion history and the growth |

factor of structure
Palaxy Redshift Survey: Euyonic Acoustic Oscillations casure the expansion history through D(z) and
Analysis of Prk) BAO) (z) using the “wiggles-only”.
Redshift-Space distortions ermine the growth rate of cosmic structures
rom the redshift distortions due to peculiar
s
Galaxy Clustering casures the expansion history and the growth
actor using all available information in the
litude and shape of P(k)
Weak Lensing plus Galaxy Number density of clusters casures a combination of growth factor (from
Ecdsbift survey combined with umber of clusters) and expansion history {from
luster mass surveys lume evolution).
Weak lensing survey plus galaxy Lnu:gmcd Sachs Wolfe (ISW) casures the expansion history and the growth
ift survey combined with  effect
MB surveys
Weak lensing survey plus galaxy Weak lensing on CMB anisotropies Mcasures the high redshift expansion regime and
ift survey combined with owth of structures
MB surveys




Il. Weak Lensing: Cosmic Shear

Background
Dark matter halos a sources

Observer

Spatially coherent shear pattern, ~1% distortion
Radial distances depend on geometry of Universe
Foreground mass distribution depends on growth of structure
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Baryon Acoustic Oscillations: CMB & Galaxies
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2dFGRS: 8 = 0.49 + 0.09




Euclid performance

m Dark Matter [ . omtal Dark Energy
Parameter 7 m/eV S Wy Wy FoM
Euclid Primary 0.010 0.027 3.5 0.015 0.150 430
Euclid All 0.009 0.020 2.0 0.013 0.048 1540
Euclid+Planck 0.007 0.019 2.0 0.007 0.035 4020
Curmrent 0.200 0.580 100 0.100 1.500 ~10
Improvement Factor 30 30 50 >10 >S50 >300




Euclid L1 requirements

D

T.1-1 urvey Arca (A) 15,000 deg >20,000 deg”
WL.1-2 ensity of galaxies (Ng) k30 gals/amin’ 40 gals/amin”
(WL.1-3 {edian redshift (zm) ()8
WL.1-4  [ystematics (o u.) 107
WL.1-5 Redshifts error (o{z)/(1+2)) < (.05 < 0.03
WL.1-6 Catastrophic failures (fcat) 10% 5%
(WL.1-7 Bin mean redshift (52) <().002
IGC.1-1 Burvey Area (A) 15,000 deg” >20,000 dcg’
IGC.1-2 Ealaxy sky density (sd) 500 / deg” 5,000 / deg”
GC.1-3 edshift accuracy b(z)<0.001{1+2)
GC.1-4 Bystematic offset in redshift <1/5 redshift accuracy
bC.l-S hcdshiﬁ range J<z<2 05 also gals 2<0.7
GC.1-6 Median of redshift distribution | =>1. 1
IGC.1-7 JUpper quartile of redshifts >].35
IGC.1-8 [Bias of all galaxies > |
bC.l-9 hias of galaxies, upper quartile in redshift >].3
IGC.1-10  |fraction of catastrophic failures F<20%
bC.l-l | ]fraction of catastrophic failures known to 1%
IGC.1-12  mean redshift in 0.1 redshift bin known to 0.1%




Euclid complementary data

* WL-1.5 & WL-1.6 photometric redshift accuracy requires
complementary data

* WL-1.4 systematics (67)



Euclid complementary data needs

Photometric redshifts

* Need wide area coverage with other bands => photometry
* Need spectroscopic training sets => spectroscopy



DES (e} DES (grir) + R Pr~3TARAS (geay) Pan-STARRE (pizy) + R

Photometric
redshift
simulations

Abdalla et al 2008
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Photometric
redshift
simulations

Bordoloi et al 2010
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Photometric
redshift
simulations

Bellagamba et al 2012
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Euclid complementary data options

Photometric redshifts

* Need wide area coverage at moderate depth 1~24.5
* Default so far: DES and PanSTARRS data
* DES option seems secured
* PS option 1s more complicated
* Other possible options:
* HSC
e LSST
« CFHT
« WHT/PAU



Euclid complementary data options
Photometric redshifts

* WHT/PAU option
e Current corrector: 4 deg?/hr/filter => 200 nights
* New corrector: 12 deg?/hr/filter => 70 nights



Euclid complementary data options
Photometric redshifts

* Need for spectroscopc taining sets

* Main worry completeness and depth

* Cross-coorelation techniques

* Expensive spectroscopoic redshift: WHT/WEAVE, CAHA/
Hexa

* Regions of parameter space may only be accesible with
photometris redshifts themselves: WHT/PAU



Euclid complementary data options
Systematics effects: intrinsic alignments

 WHT/PAU role

* Need redshifts in area where galaxy shears have been measured
with sufficient area coverage and depth



Euclid complementary data needs summary

Photometric redshifts

* Need wide area coverage with other bands => photometry
* wide area brod band survey
* Need spectroscopic training sets => spectroscopy
* alternative with photo-z in some regons of parameters space

Systematics: intrinsic alignments

* Combined wide area lensing and spectroscopic survey with high

compleness
*Well suited for WHT/PAU






