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  et	
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Planck	
  team	
  2013	
  
Sound	
  waves	
  in	
  the	
  early	
  universe	
  	
  
produce	
  a	
  characteris=c	
  scale	
  in	
  
the	
  CMB	
  anisotropies	
  and	
  a	
  BAO	
  
scale	
  in	
  the	
  clustering	
  of	
  maDer	
  at	
  
later	
  =mes.	
  

The	
  scale	
  can	
  be	
  calibrated	
  to	
  sub-­‐
%	
  accuracy.	
  

Spectroscopic	
  
redshiI	
  surveys	
  
can	
  measure	
  this	
  	
  
scale	
  along	
  	
  and	
  
across	
  the	
  line	
  of	
  
sight	
  at	
  different	
  
epochs.	
  	
  

Observer	
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Iso-­‐correla=on	
  	
  
contours	
  

Small-­‐scale	
  	
  
“spindle”	
  due	
  
to	
  incoherent	
  
virial	
  mo=ons	
  

Large-­‐scale	
  	
  
compression	
  
propor=onal	
  
to	
  f(Ωm)	
  Perpendicular	
  to	
  l.o.s.	
  

Parallel	
  
to	
  l.o.s.	
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4 million LRGs

23 million ELGs

0.6 million Ly-A QSOs 
+1.4 million QSOs

Four target classes spanning redshifts z=0 ➔ 3.5 
 Includes all the massive black holes in the Universe (LRGs + QSOs)

What is DESI?
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LRGs	
  

ELGs	
  

QSOs	
  

Ly-­‐α	
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Euclid	
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Euclid!
Consortium!

Cosmic Shear 
survey 

Galaxy Redshift 
survey 

Cosmological explorer  
of gravity and fundamental physics 

Dark Matter and Galaxy  
Power Spectra with look back time 

Other Euclid 
probes 

Legacy 
Science 

 

VIS Imaging NIR Photometry NIR Spectroscopy 

External Photometry 
External Spectroscopy 

Cosmo. Simul. 

Planck, 
eROSITA, 

… 

Space Euclid VIS and NIR observer of stars and galaxies 
 

The Euclid Machine 
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Y.	
  Mellier	
  –	
  2014	
  EC	
  Mee=ng	
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Euclid!
Consortium!Euclid mission baseline: Launch in 2020 

 

    Shapes  +  Photo-z   of  n = 1.5 x109   galaxies     z of  n=2.5x107  galaxies 

          15,000 deg2    

Ref: Euclid RB  Laureijs et al arXiv:1110.3193 

           40  deg2      

Possibility other surveys:  SN and/or  µ-lens surveys, Milky Way  (TBC): after Mission PDR 

           In ~6 years      

Ground based  
Photometry and Spectroscopy (photo-z) 

 Euclid                                                    5th Euclid Consortium Meeting                   Marseille  May 05-09,  2014 

Y.	
  Mellier	
  –	
  2014	
  EC	
  Mee=ng	
  



Edge of the observable Universe 
at 13.7 billion light years

DESI and Euclid

SDSS-III/BOSS has only mapped <1% of the 
observable Universe

From	
  D.	
  Schelgel	
  2014	
  

….but	
  only	
  0.02%	
  of	
  the	
  observable	
  galaxies	
  



Focusing	
  on	
  the	
  spectroscopic	
  survey	
  

!50

Euclid satellite redshift survey

Technique of slit-less spectroscopy (“objective prism”) 
pioneered by Edward Pickering in 1882 to classify stars 
!
Used very little for the past ~70 years 
… never used for galaxy redshift surveys



Cosmology @ Beach, Jan 2014

Real grism data from duPont telescope 2.5-m 0.64-0.75 micron (Nick Mostek)

emission 
line

!51

Disperse all the light for all objects in your field-of-view
Euclid satellite redshift survey

Complicated: Mixes spatial 
+ spectroscopic info

From	
  D.	
  Schelgel	
  2014	
  

Euclid	
  will	
  use	
  slit-­‐less	
  spectroscopy.	
  	
  
A	
  technique	
  very	
  li=le	
  used	
  for	
  the	
  past	
  70	
  years	
  and	
  never	
  

for	
  galaxy	
  surveys	
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Euclid satellite redshift survey

Why do this crazy prism survey? 
1. Almost no moving parts 
2. Can observe the brightest H-alpha (H 3-2 transition) from z=1-2

DESI uses this 
signature from O+

From	
  D.	
  Schelgel	
  2014	
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Euclid 
Consortium Most updated forecasts on H(z) and growth 

!  Deeper flux limit: 2 x 10-16 erg cm-2 s-1 

!  Up-to-date instrumental configuration 
!  3 up-to-date models for dN/dz by Pozzetti, Geach & Hirata 
!  Forecast code by R. Bean 

Flux>2 x 10-16 erg cm-2 s-1 
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Euclid!
Consortium!Forecasts: Euclid primary cosmology programme  

Assume systematic errors are under control 

Modified 
Gravity Dark Matter Initial 

Conditions Dark Energy 

Parameter  γ m ν  /eV fNL wp wa FoM 

Euclid primary (WL
+GC)  0.010 0.027 5.5 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 ! 
6000  

Current (2009) 0.200 0.580 100 0.100 1.500 ~10 

Improvement Factor 30 30 50 >10 >40 >400 
Ref: Euclid RB  arXiv:1110.3193  

= 1/(Δw0×Δwa)  

 Euclid                                                    5th Euclid Consortium Meeting                   Marseille  May 05-09,  2014 

Update based on  WL, GC, TH SWGs  





Use	
  Zel’dovich	
  approxima=on	
  	
  
sharpen	
  the	
  BAO	
  feature.	
  	
  
BOSS	
  z-­‐survey	
  
Padmanabhan+	
  2012	
  

Use	
  Zel’dovich	
  approxima=on	
  	
  
to	
  iden=fy	
  voids	
  in	
  Lagrangian	
  
coordinates.	
  
Lavaux	
  &	
  Wandelt	
  2010	
  
Elyiv+	
  2014	
  

BeDer	
  methods	
  already	
  available	
  
(e.g.	
  Least	
  Ac=on	
  –	
  based	
  methods)	
  



Handling	
  scale-­‐dependent	
  bias	
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Menegoni+	
  2015	
  (in	
  prep)	
  

Allowing	
  for	
  scale-­‐dependent	
  
Galaxy	
  bias	
  does	
  not	
  have	
  	
  
a	
  drama=c	
  impact	
  on	
  γ.	
  

Fisher	
  Matrix	
  analysis.	
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Handling	
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σγ=0.024,	
  0,025,	
  
0.036	
  
1.1 1.2 1.3 1.4 1.5 1.6

0.6

0.8

1.0

1.2

1.4

1.6

b0

b 1

σb0=0.014,…..,0.028	
  
σb1=0.12,……….,0.24	
  

Menegoni+	
  2015	
  (in	
  prep)	
  

Allowing	
  for	
  scale-­‐dependent	
  
Galaxy	
  bias	
  does	
  not	
  have	
  	
  
a	
  drama=c	
  impact	
  on	
  γ	



Scale	
  dependence	
  can	
  be	
  	
  
detected	
  using	
  galaxy	
  
clustering	
  only.	
  	
  
How	
  effec=vely	
  it	
  depends	
  on	
  	
  
galaxy	
  bias	
  itself	
  

Fisher	
  Matrix	
  analysis.	
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Constraining	
  ns	
  and	
  αsusing	
  galaxy	
  power	
  spectrum	
  

8	
  z-­‐bins	
  z=[0.6,2.0]	
  Δz=0.2	
  
Kmax=0.15	
  –	
  0.23	
  h/Mpc	
  

MCMC	
  +	
  
Fisher	
  Matrix	
  analysis.	
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P(k,µ,z) = D2(z) b + f (z)µ2( )2
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0.96 0.965 0.97 0.975

<0.01

0

0.01
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Planck + LSS
Planck

68%, 95% CLs

Huang,	
  Verde,	
  Vernizzi	
  2012	
  

LSS	
  allows	
  to	
  access	
  a	
  larger	
  	
  
number	
  of	
  k-­‐modes	
  on	
  
smaller	
  scales	
  than	
  CMB	
  

Accuracy	
  on	
  ns	
  and	
  	
  
αs=dns/dlnk	
  improves	
  by	
  	
  
a	
  factor	
  2.2	
  

WORK	
  IN	
  PROGRESS	
  



Constraining	
  non-­‐Gaussianity	
  using	
  halo	
  power	
  
spectrum	
  

V.	
  Desjacques	
  Talk	
  	
  8/1/2015	
  



Constraining	
  non-­‐Gaussianity	
  using	
  halo	
  power	
  
spectrum	
  

Giannantonio+	
  	
  2012	
  € 
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Fisher	
  Matrix	
  analysis.	
  

12	
  z-­‐bins	
  z=[0.5,2.0]	
  Δz=var.	
  
Kmax=0.15	
  	
  h/Mpc	
  

Constraints	
  from	
  2D	
  
clustering,	
  3D	
  clustering,	
  
lensing.	
  
From	
  3D	
  only	
  σfNL=4.4(4.2)	
  
From	
  2D+lens	
  σfNL=2.8(2.6)	
  

WORK	
  IN	
  PROGRESS	
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Simpson	
  et	
  al	
  2012	
  




