
Euclid 
Consortium 

SWG-‐Galaxy	  
Clustering	  
status	  report	  
Euclid-‐France	  meeting	  
Lyon	  5/12/2014	  
	  
Sylvain	  de	  la	  Torre	  
	  

SWG	  leads:	  Luigi	  Guzzo	  &	  Will	  Percival	  



Euclid 
Consortium 

1.	  Is	  cosmic	  acceleration	  produced	  by	  a	  cosmological	  
constant	  or	  by	  an	  evolving	  scalar	  9ield?	  

•  Measure	  expansion	  history	  H(z)	  to	  unprecedented	  
accuracy	  to	  detect	  percent	  variations	  of	  w(z)	  

è Using	  Baryonic	  Acoustic	  Oscillations	  (BAO)	  in	  the	  galaxy	  
clustering	  pattern	  

	  

2.	  Does	  General	  Relativity	  need	  to	  be	  modi9ied	  on	  
cosmological	  scales?	  

•  Measure	  structure	  growth	  history	  of	  structure	  to	  
unprecedented	  accuracy	  

è	  	  Using	  anisotropy	  of	  galaxy	  clustering	  in	  redshift-‐space	  
(Redshift-‐Space	  Distortions,	  RSD)	  	  

	  

Galaxy	  clustering	  and	  Euclid	  key	  ques:ons	  
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Euclid 
Consortium BAO	  and	  RSD	  

(BOSS, Anderson et al. 2013) 

Growth	  of	  structure	  

Anisotropic clustering in CMASS galaxies 5
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Figure 3. Left panel: Two-dimensional correlation function of CMASS galaxies (color) compared with the best fit model described in Section 6.1 (black lines).
Contours of equal ξ are shown at [0.6, 0.2, 0.1, 0.05, 0.02, 0]. Right panel: Smaller-scale two-dimensional clustering. We show model contours at [0.14, 0.05,
0.01, 0]. The value of ξ0 at the minimum separation bin in our analysis is shown as the innermost contour. The µ ≈ 1 “finger-of-god” effects are small on the
scales we use in this analysis.

in Figure 4. The effective redshift of weighted pairs of galaxies in
our sample is z = 0.57, with negligible scale dependence for the
range of interest in this paper. For the purposes of constraining cos-
mological models, we will interpret our measurements as being at
z = 0.57.

3.2 Covariance Matrices

The matrix describing the expected covariance of our measure-
ments of ξℓ(s) in bins of redshift space separation depends in linear
theory only on the underlying linear matter power spectrum, the
bias of the galaxies, the shot-noise (often assumed Poisson) and the
geometry of the survey. We use 600 mock galaxy catalogs, based
on Lagrangian perturbation theory (LPT) and described in detail in
Manera et al. (2012), to estimate the covariance matrix of our mea-
surements. We compute ξℓ(si) for each mock in exactly the same
way as from the data (Sec. 3.1) and estimate the covariance matrix
as

Cℓ1ℓ2i j =
1

599

600∑

k=1

(
ξkℓ1 (si) −  ξℓ1 (si)

) (
ξkℓ2 (s j) −  ξℓ2 (s j)

)
, (7)

where ξkℓ (si) is the monopole (ℓ = 0) or quadrupole (ℓ = 2) correla-
tion function for pairs in the ith separation bin in the kth mock.  ξℓ(s)
is the mean value over all 600 mocks. The shape and amplitude of
the average two-dimensional correlation function computed from
the mocks is a good match to the measured correlation function
of the CMASS galaxies; see Manera et al. (2012) and Ross et al.
(2012) for more detailed comparisons. The square roots of the di-
agonal elements of our covariance matrix are shown as the error-
bars accompanying our measurements in Fig. 4. We will examine
the off-diagonal terms in the covariance matrix via the correlation

matrix, or “reduced covariance matrix”, defined as

Cℓ1ℓ2,red
i j = Cℓ1ℓ2i j /

√
Cℓ1ℓ1ii Cℓ2ℓ2j j , (8)

where the division sign denotes a term by term division.
In Figure 5 we compare selected slices of our mock covari-

ance matrix (points) to a simplified prediction from linear theory
(solid lines) that assumes a constant number density  n = 3 × 10−4

(h−1 Mpc)−3 and neglects the effects of survey geometry (see, e.g.,
Tegmark 1997). Xu et al. (2012) performed a detailed compari-
son of linear theory predictions with measurements from the Las
Damas SDSS-II LRG mock catalogs (McBride et al. prep), and
showed that a modified version of the linear theory covariance with
a few extra parameters provides a good description of the N-body
based covariances for ξ0(s). The same seems to be true here as
well. The mock catalogs show a deviation from the naive linear
theory prediction for ξ2(s) on small scales; a direct consequence is
that our errors on quantities dependent on the quadrupole are larger
than a simple Fisher analysis would indicate. We verify that the
same qualitative behavior is seen for the diagonal elements of the
quadrupole covariance matrix in our smaller set of N-body simu-
lations used to calibrate the model correlation function. This com-
parison suggests that the LPT-based mocks are not underestimating
the errors on ξ2, though more N-body simulations (and an account-
ing of survey geometry) would be required for a detailed check of
the LPT-based mocks.

The lower panels of Figure 5 compare the reduced covari-
ance matrix to linear theory, where we have scaled the Cred

i j pre-
diction from linear theory down by a constant, ci. This compar-
ison demonstrates that the scale dependences of the off-diagonal
terms in the covariance matrix are described well by linear the-
ory, but that the nonlinear evolution captured by the LPT mocks
can be parametrized simply as an additional diagonal term. Finally,

c⃝ 0000 RAS, MNRAS 000, 1–1

(BOSS, Reid et al. 2012) 
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BAO	  in	  the	  galaxy	  power	  spectrum	  	  

Baryonic	  Acoustic	  Oscillations	  
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Consortium What’s	  new	  on	  galaxy	  clustering?	  

(Anderson	  et	  al.	  2014)	  

BOSS	  DR11	  
	  

Largest	  volume	  of	  
the	  Universe	  

currently	  mapped	  

BAO	  Hubble	  diagram	  

Baryonic	  Acoustic	  Oscillations	  
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Consortium What’s	  new	  on	  galaxy	  clustering?	  

(Samushia	  et	  al.	  2014)	  

BOSS	  DR11	  
	  

Largest	  volume	  of	  
the	  Universe	  

currently	  mapped	  

Anisotropic	  galaxy	  clustering	  	  

Redshift-‐space	  distortions	  
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Transverse	  separation	  
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Consortium What’s	  new	  on	  galaxy	  clustering?	  

(Chuang	  et	  al.	  2014)	  

BOSS	  DR11	  
	  

Largest	  volume	  of	  
the	  Universe	  

currently	  mapped	  

Constraints	  on	  gravity	  

Redshift-‐space	  distortions	  
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Consortium What’s	  new	  on	  galaxy	  clustering?	  

(Chuang	  et	  al.	  2014)	  

BOSS	  DR11	  
	  

Largest	  volume	  of	  
the	  Universe	  

currently	  mapped	  

Combined	  BAO	  and	  RSD	  constraints	  	  
on	  Dark	  Energy	  

RSD	  
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Euclid galaxy clustering predictions 

Euclid	   Euclid	  

BAO	   RSD	  



Euclid 
Consortium 

•  Need:	  
–  Angular	  galaxy	  positions	  
–  Galaxy	  redshifts	  

•  Need	  to	  understand:	  
–  Angular	  completeness	  
–  Radial	  completeness	  
–  Radial/angular	  density	  variations	  
	  

à	  This	  is	  the	  hard	  part	  
	  
	  

•  Then	  measure	  two-‐point	  statistics:	  

Euclid	  galaxy	  clustering	  requirements	  

(Credit:	  W.	  Percival)	  

Euclid!
Consortium!

GC SWG meeting     London     21 Mar 2012               

Over-density fields 

� =
⇢� ⇢0
⇢0

⇠(r) = h�(x)�(x+ r)i

“probability of seeing structure”, can be recast!
in terms of the overdensity !

The correlation function is simply the real-space !
2-pt statistic of the field !

Its Fourier analogue, the power spectrum is !
defined by!

P (k) = h�(k)�(k)i

Euclid!
Consortium!

GC SWG meeting     London     21 Mar 2012               

Over-density fields 

� =
⇢� ⇢0
⇢0

⇠(r) = h�(x)�(x+ r)i

“probability of seeing structure”, can be recast!
in terms of the overdensity !

The correlation function is simply the real-space !
2-pt statistic of the field !

Its Fourier analogue, the power spectrum is !
defined by!

P (k) = h�(k)�(k)i

Predicted	  Euclid	  galaxy	  
power	  spectrum	  



Euclid 
Consortium Euclid	  slitless	  spectroscopy	  

•  Slitless	  provides	  an	  a	  priori	  uniform	  sample	  (no	  target	  sample)	  
•  Slitless	  spec.	  means	  that	  almost	  all	  spectra	  are	  contaminated:	  
contamination	  is	  the	  largest	  source	  of	  redshift	  failures	  

•  Uniformity,	  completeness,	  purity	  are	  the	  key	  issues	  to	  be	  kept	  
under	  control	  à	  Simulations	  and	  Deep	  survey	  are	  crucial	  

1	  deg2	  of	  the	  sky	  simulated	  and	  propagated	  through	  end-‐to-‐end	  Euclid	  
spectroscopic	  simulation	  (Garilli,	  Franzetti,	  Ealet,	  Roche,	  Rossetti	  et	  al.)	  



Euclid 
Consortium Update	  on	  SWG-‐GC	  ac:vi:es	  

•  Reorganization	  of	  the	  Work-‐Packages:	  

WP	   Lead	   Task	   Priority	  

Sample	  selection	   Daniel	  Eisenstein	  &	  
Bianca	  Garilli	  

De9ine	  optimal	  galaxy	  
selection	  for	  galaxy	  clustering	  	   High	  

Survey	  mask	   Ben	  Granett	  &	  
Marco	  Scodeggio	  

De9ine	  Euclid	  spectroscopic	  
masks	  and	  random	  catalogues	  	   High	  

Slitless	  
spectroscopy	  

effects	  
Sylvain	  de	  la	  Torre	  

De9ine	  methodology	  to	  remove	  
slitless	  effects	  on	  galaxy	  

clustering	  
High	  

•  These	  WPs	  are	  the	  most	  important	  and	  have	  to	  be	  addressed	  in	  
priority	  

à Understand	  and	  control	  systematics	  on	  galaxy	  clustering	  to	  
very	  high	  accuracy	  
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Consortium Update	  on	  SWG-‐GC	  ac:vi:es	  

•  Reorganization	  of	  the	  Work-‐Packages:	  

WP	   Lead	   Task	   Priority	  

Likelihood	  9itting	   Ariel	  Sanchez	  &	  
Will	  Percival	  

De9ine	  likelihood	  9itting	  
approach	   Medium	  

Reconstruction	  
Nikhil	  

Padmanabhan	  &	  
Francisco	  Kitaura	  

De9ine	  and	  test	  methods	  for	  
reconstruction	  (for	  BAO)	   Medium	  

High-‐order	  
statistics	  

Emiliano	  Sefusatti	  
&	  Cristiano	  
Porciani	  

Quantify	  how	  high-‐order	  stat.	  
can	  be	  used	  to	  improve	  
cosmological	  constraints	  

Medium	  

Additional	  probes	   Juan	  Garcia-‐Bellido	  
&	  Olivier	  Doré	  

Investigate	  new	  (non-‐
standard)	  observational	  

probes	  
Medium	  

Photo_z	  clustering	   Shirley	  Ho	   Investigate	  photo-‐z	  clustering	  
as	  additional	  probe	   Medium	  



Euclid 
Consortium Update	  on	  SWG-‐GC	  ac:vi:es	  

•  WP3:	  Slitless	  spectroscopy	  effects	  

•  Fast	  Euclid	  observation	  simulator:	  quickly	  reproduce	  slitless	  
spectroscopy	  effects	  on	  arbitrary	  Hα	  galaxy	  catalogue	  

à	  First	  step	  in	  the	  characterization	  of	  biases	  on	  galaxy	  clustering	  

First	  attempt	  to	  quantify	  these	  effects	  (Red	  Book)	  



Euclid 
Consortium Update	  on	  SWG-‐GC	  ac:vi:es	  

•  WP3:	  Slitless	  spectroscopy	  effects	  

•  Fast	  Euclid	  observation	  simulator:	  quickly	  reproduce	  slitless	  
spectroscopy	  effects	  on	  arbitrary	  Hα	  galaxy	  catalogue	  

à	  First	  step	  in	  the	  characterization	  of	  biases	  on	  galaxy	  clustering	  

9lux	  in	  10-‐30	  erg/s/cm2/hertz	  

(de	  la	  Torre,	  Zoubian,	  Ealet)	  

Contaminated	  
Hα	  lines	  
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•  Addendum	  to	  the	  Interim	  Science	  Review:	  
	  -‐	  Updated	  modelling	  of	  Hα	  N(z)	  

	  

	  

	  

	  

	  	  

	  

	  

	  

	  	  

à Updated	  Euclid	  
predictions	  for	  the	  
accuracy	  on	  cosmological	  
parameters	  

à Crucial	  for	  spectroscopic	  
strategy	  optimization	  	  



Euclid 
Consortium Status	  of	  SWG-‐Galaxy	  Clustering	  

•  SWG-‐GC/OU-‐SIR/OU-‐SPE/NISP:	  
–  Consolidation	  of	  the	  spectroscopic	  strategy	  (NISP	  con9iguration,	  
redshift	  range,	  etc)	  and	  N(z)	  predictions	  for	  H-‐alpha	  galaxies	  

–  Updated	  forecasts	  on	  cosmological	  constraints	  	  
	  	  

•  SWG-‐GC/OU-‐LE3-‐Int/OU-‐LE3-‐Ext	  
–  New	  baseline	  of	  spectroscopic	  survey	  frozen	  
–  Reorganization	  of	  the	  WPs	  for	  higher	  ef9iciency	  
–  Spectroscopic	  selection	  function,	  masks,	  confusion	  corrections	  
are	  worked	  out	  in	  details	  now	  


