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Abazajian et al. 2011

ΛΛCDM+CDM+νν: : WMAP7+BAO+HWMAP7+BAO+H00 �� MM
νν
<0.58 (1.3 <0.58 (1.3 ifif ww≠≠--11) ) eVeV at 95% C.L.at 95% C.L.

EachEach ofof these probes faces technologicalthese probes faces technological,, observationalobservational, and, and theoretical challengestheoretical challenges

0.9



Massive Massive neutrino neutrino effectseffects on the on the matter matter transfer transfer functionfunction ((OnlyOnly 33 active neutrinosactive neutrinos))

CCCC etet al. 2011al. 2011



TheThe largelarge--scalescale redshiftredshift--spacespace

correlation functioncorrelation function of the of the 

SDSSSDSS--LRG LRG samplesample. The . The 

modelsmodels are  are  ΩΩmmhh22=0.12 (top, =0.12 (top, 

green), 0.13 (green), 0.13 (redred), and 0.14 ), and 0.14 

((bottom withbottom with peak, blue),peak, blue), all all 

withwith ΩΩbbhh22 = 0.024 and = 0.024 and nnss=0.98. =0.98. 

The The magentamagenta line line showsshows a pure a pure 

CDM model (CDM model (ΩΩmmhh22=0.105),=0.105),

which lackswhich lacks thethe acousticacoustic peak.peak.

Baryon Acoustic Oscillations Baryon Acoustic Oscillations (BAO)(BAO)

MeasuredMeasured powerpower spectra forspectra for the the 

full SDSSfull SDSS--LRG and SDSSLRG and SDSS

main galaxy samplesmain galaxy samples. The. The solid solid 

curves correspond tocurves correspond to thethe linear linear 

theorytheory ΛΛCDM CDM fits tofits to WMAP3 WMAP3 

alone, alone, normalized to galaxy normalized to galaxy 

biasbias b=1.9 (top) and b=1.1 b=1.9 (top) and b=1.1 

((bottombottom) relative) relative toto the z=0 the z=0 

mattermatter power. Thepower. The dashed dashed 

curvescurves include include nonlinear nonlinear 

corrections withcorrections with at k> 0.09at k> 0.09



Forecast errorsForecast errors forfor EuclidEuclid: : Fisher matrix for Fisher matrix for BAO+P(k)BAO+P(k)--shapeshape

MM
νννννννν
++



EuclidEuclid:: MappingMapping thethe geometrygeometry of the dark of the dark UniverseUniverse

Euclid Euclid is anis an ESA MESA M--class class mission selected for launchmission selected for launch in 2019 in thein 2019 in the CosmicCosmic Vision 2015Vision 2015--2025 2025 

programmeprogramme. The. The mainmain goal ofgoal of Euclid is to understandEuclid is to understand thethe originorigin of theof the accelerating expansionaccelerating expansion

of theof the UniverseUniverse.. To achieve thisTo achieve this goal, goal, it is proposed to buildit is proposed to build a satellitea satellite equipped withequipped with a 1.2 ma 1.2 m

telescopetelescope andand three imagingthree imaging andand spectroscopic instrumentsspectroscopic instruments working in theworking in the visiblevisible andand nearnear--

infrared wavelength domainsinfrared wavelength domains.. These instruments will exploreThese instruments will explore thethe expansion historyexpansion history of theof the

UniverseUniverse and theand the evolutionevolution ofof cosmic structures by measuring shapescosmic structures by measuring shapes andand redred--shiftsshifts ofof galaxies galaxies 

as well asas well as thethe distributiondistribution of of galaxygalaxy--clusters as function clusters as function ofof redshiftredshift 0.5<z<2, over 15000 deg0.5<z<2, over 15000 deg22

of the of the skysky. The satellite. The satellite will be launched by will be launched by aa SoyuzSoyuz STST--2.1B2.1B rocketrocket andand transferred totransferred to the L2the L2

Lagrange point forLagrange point for a 6a 6 years missionyears mission..



NeutrinoNeutrino constraints fromconstraints from the the Euclid galaxy survey Euclid galaxy survey at 1at 1--σσ

Only Only 3 3 active active 

neutrinos for neutrinos for 

MM
νν

errorserrors

CCCC etet al. 2011al. 2011
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CCCC etet al. 2011al. 2011Only Only 3 3 active neutrinos for active neutrinos for MM
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errorserrors



Marginalised Marginalised 11--σσ errors forerrors for MMνν from Euclidfrom Euclid++Planck Planck ((CCCC etet al. 2011al. 2011))

CCCC etet al. 2011al. 2011



Marginalised Marginalised 11--σσ errors forerrors for NNeffeff from Euclidfrom Euclid++Planck Planck ((CCCC etet al. 2011al. 2011))

CCCC etet al. 2011al. 2011



MarulliMarulli, , CCCC etet al. 2011al. 2011

EffectsEffects of of massive neutrinos massive neutrinos on the the on the the halo halo mass mass functionfunction

Only Only 3 3 active active 

neutrinosneutrinos



Nuisance parameters kept Nuisance parameters kept 

fixed to fixed to the the fiducial valuesfiducial values

Correlation coefficientsCorrelation coefficients

CCCC etet al. 2012al. 2012

Only Only 3 3 active active 

neutrinos for neutrinos for 

MM
νν

errorserrors



Confidence contours Confidence contours at 68% C.L. at 68% C.L. forfor galaxygalaxy--clustersclusters ((CCCC etet al. 2012)al. 2012)



Confidence contours Confidence contours at 68% C.L. at 68% C.L. forfor galaxygalaxy--clusters clusters ((CCCC etet al. 2012)al. 2012)



Bird et Bird et al. 2011al. 2011

M
νννν
=0.6 eV

M
νννν
=0 eV

NonNon--linear effects linear effects on the on the matter matter power power spectrum spectrum due due to neutrinosto neutrinos

Only Only 3 3 active active 

neutrinosneutrinos



DensityDensity slicesslices of of thicknessthickness 6 h6 h−−11

comoving Mpccomoving Mpc at z=3at z=3 extracted extracted 

from twofrom two 60 h60 h−−11 Mpc Mpc 

hydrodynamical simulations withhydrodynamical simulations with

gas and dark gas and dark mattermatter and noand no

neutrinosneutrinos. The. The right column showsright column shows

a a simulation that includes neutrinos simulation that includes neutrinos 

withwith MM
νννννννν

=1.2=1.2 eVeV. The. The presencepresence ofof

neutrinosneutrinos ((bottombottom panel, green)panel, green)

clearly affects bothclearly affects both the gas (the gas (redred) and ) and 

the darkthe dark mattermatter (blue)(blue) distributiondistribution..

GadgetGadget--III III modified to modified to include include massive nutrinos withmassive nutrinos with a a particleparticle--

basedbased implementationimplementation..

Viel etViel et al. 2010al. 2010



�� 5x105x106 6 cpucpu--hourshours on BGQ/FERMI at CINECA on BGQ/FERMI at CINECA toto buildbuild up 10 up 10 mixed mixed dark dark 

matter cosmological simulationsmatter cosmological simulations

�� ΩΩΩΩΩΩΩΩmm=0.271, =0.271, ΩΩΩΩΩΩΩΩΛΛΛΛΛΛΛΛ
=0.729, =0.729, ΩΩΩΩΩΩΩΩbb=0.045, h=0.703,=0.045, h=0.703, σσσσσσσσ88=0.809,=0.809, nnss=0.966, 0<M=0.966, 0<M

νννννννν
<0.3 <0.3 eVeV, , 

--1<w<1<w<--0.90.9

�� boxbox--sideside sizesize: 2 : 2 GpcGpc/h (64 /h (64 timestimes largerlarger thanthan MillenniumMillennium))

�� particle numberparticle number:: 2 x 20482 x 204833 (CDM+(CDM+νννννννν))

�� CDM mass: 6.5 x 10CDM mass: 6.5 x 101010 MM
��������

/h/h

�� softening lengthsoftening length: 20 : 20 kpckpc/h/h

�� starting redshiftstarting redshift: : zzinin=99 (=99 (depends depends on Mon M
νννννννν

for particlefor particle--basedbased νννννννν))

�� # # snapshotssnapshots: 64: 64

DEMNUniDEMNUni simulations simulations (PI: C. Carbone)(PI: C. Carbone)



GOALSGOALS

�� mock galaxy catalogs mock galaxy catalogs via boxvia box--stacking stacking and HODand HOD

�� mock shear maps mock shear maps via boxvia box--stacking stacking and and rayray--tracingtracing

�� mockmock CMB CMB weakweak--lensing lensing and ISW/and ISW/ReesRees--SciamaSciama mapsmaps

�� CMB/CMB/shearshear//galaxygalaxy--clustering statistics clustering statistics 

�� reference skies for reference skies for future future galaxygalaxy//shearshear/CMB/CMB--lensing probeslensing probes, e.g. , e.g. EuclidEuclid

TheThe above includesabove includes a a constantconstant DEDE--background and Mbackground and M
νν

effectseffects at nonat non--linear levellinear level


