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ISW	  effect	  

ü  CMB	  photons	  are	  blu-‐	  (red-‐)	  shiQed	  when	  fall	  into	  (out	  of)	  gravitaHonal	  poteHal	  wells	  

ü  An	  evoluHon	  of	  the	  gravitaHonal	  potenHal	  during	  the	  photon	  crossing	  implies	  a	  net	  
change	  in	  the	  photon	  energy	  

ü  Very	  week	  signal	  that	  can	  be	  detected	  through	  cross-‐correlaHon	  with	  Large	  Scale	  
Structure	  surveys	  (tracers	  of	  the	  gravitaHonal	  potenHal)	  

	  



Methodology	  
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Linear	  Covariance-‐Based	  (LCB)	  filter	  by	  Barreiro	  et	  al.,	  2008:	  CMB	  (T)	  +	  LSS	  tracer	  

Bonavera	  et	  al.,	  in	  prep.:	  CMB	  (T+P)	  +	  n	  LSS	  tracers	  

CMB	  map	  
LSS	  tracer	  

CMB	  signal	  
without	  ISW	  

L	  Cholesky	  of	  C	  
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Coherent	  Gaussian	  simulaHons:	  
•  Planck	  fiducial	  ΛCDM	  model	  
•  Power	  spectra	  calculated	  with	  CAMB	  
•  10000	  simulaHon	  @	  nside	  64	  
•  CMB	  related	  maps	  with	  beam=160	  arcmin	  
•  3	  different	  LSS	  tracer	  with	  
Noise:	  
•  Poissonian	  noise	  for	  surveys	  
•  Gaussian	  white	  noise	  amplitude	  for	  P	  given	  by	  Planck	  

CollaboraHon	  2005	  
•  Gaussian	  noise	  with	  Planck	  amplitude	  for	  lensing	  
Masks:	  
•  GalacHc	  cut	  for	  low-‐	  and	  int.-‐z	  
•  NVSS	  mask	  by	  Marcos-‐Caballero	  et	  al.	  for	  high-‐z	  
•  WMAP	  9-‐yr	  pnt	  src	  catalogue	  mask	  for	  CMB	  and	  

lensing	  
	  

Near	  gal.	  
Luminous	  gal.	  
NVSS	  

Simulated	  maps	  
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Results:	  full-‐sky	  noiseless	  case	  

•  Main	  contribuHon	  from	  the	  cross-‐correlaHon	  between	  ISW	  and	  
LSS	  tracers	  

•  Best	  reconstrucHon	  with	  all	  the	  surveys	  included	  
•  Good	  reconstrucHon	  with	  lensing	  due	  to	  its	  strong	  correlaHon	  

•  Good	  recostrucHon	  with	  high-‐z	  due	  to	  its	  more	  suitable	  redshiQ	  
coverage	  

•  LCB	  filter	  superior	  to	  WF	  of	  CMB	  
•  PolarizaHon	  contribuHon	  very	  modest	  (more	  important	  for	  WF)	  

T+P+LSS	  

T+LSS	  

LSS	  

T+P+low-‐z	   T+P+int-‐z	  

T+P+high-‐z	   T+P+lensing	  

WF:	  T+P	   WF:	  T	  
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Mean	  residual	  dispersion	  map	  

pixel	   simulaHon	   residual	  map:	  	  	  	  -‐	  

Weights	  maps	  

Weighted	  correlaHon	  
coefficient	  

weighted	  dispersion	  

average	  weighted	  dispersion	  of	  the	  residual	  map	  

average	  weighted	  dispersion	  of	  the	  input	  map	  

average	  weighted	  
correlaHon	  coefficient	  

average	  relaHve	  
error	  

Results:	  full-‐sky	  case	  

Noiseless:	  
•  Good	  reconstrucHon	  can	  be	  obtained	  
•  CMB+one	  survey	  degrades	  the	  reconstrucHon:high-‐z	  or	  lensing	  

are	  the	  best	  cases	  
•  CMB	  more	  important	  when	  less	  info	  about	  LSS	  is	  available	  
•  P	  more	  important	  for	  WF	  (15%	  improvement)	  
Noisy:	  
•  Noise	  degrades	  the	  reconstrucHon	  
•  High-‐z	  and	  lensing	  most	  affected	  by	  noise	  
•  CMB	  contribuHon	  more	  significant	  
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noiseless:	  T+P+surveys
+lensing	  

Noiseless:	  T+P	  

noisy	  
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Results:	  full-‐sky	  case	  

Noiseless:	  	  
ü  Unbiased	  Cls	  agree	  with	  fiducial	  model	  
ü  T,	  T+P	  or	  LSS	  only	  give	  similar	  results	  

Noisy:	  	  
ü  CMB	  inclusion	  reduces	  the	  bias	  at	  large	  

scales	  
ü  P	  slightly	  reduces	  the	  bias	  at	  smallest	  

mulHpoles	  
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Apodised	  masks	  
QuanHHes	  computed	  with	  union	  mask,	  
monopole	  and	  dipole	  subctracHon	  

Results:	  incomplete	  sky	  case	  

Noiseless:	  
•  Mask	  slightly	  degrades	  the	  recostrucHon	  outside	  the	  

union	  mask	  
•  Lensing	  survey	  gives	  the	  maximum	  contribuHon	  
•  P	  slightly	  improves	  the	  reconstrucHon	  
	  

Noisy:	  
•  Noise	  degrades	  the	  reconstrucHon	  (like	  fullsky)	  
•  RelaHve	  contribuHon	  of	  the	  survey	  modified	  with	  

respect	  to	  noiseless	  case	  
•  P	  more	  important	  

Surveys	  +	  lensing	  
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intersecHon	  mask	  

•  Residuals	  map	  resembles	  the	  masks	  map:	  lower	  residuals	  where	  more	  data	  are	  available	  
	  

union	  mask	  

Results:	  incomplete	  sky	  case,	  noiseless	  
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•  Leaving	  out	  the	  CMB	  increases	  the	  error	  
•  High-‐z	  survey	  not	  significant	  due	  to	  high	  noise	  

T+P+LSS	  

T+LSS	  

LSS	  

Results:	  incomplete	  sky	  case,	  noisy	  
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Results	  from	  Planck	  

Planck	  SEVEM	  CMB	  map	  (T)	  +	  NVSS	  +	  WISE-‐AGN	  +	  WISE	  GAL	  +	  SDSS-‐CMASS/LOWZ	  +	  
SDSS-‐MphG	  +	  lensing	  
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Summary	  
ü  Extension	  of	  the	  LCB	  filter:	  several	  LSS	  and	  CMB	  polarizaHon	  
ü  Tested	  with	  10000	  coherent	  simulaHons	  whose	  fiducial	  power	  spectra	  are	  obtained	  with	  a	  

modified	  version	  of	  CAMB:	  CMB,	  3	  surveys	  peaking	  at	  different	  z	  and	  lensing	  
	  
Full-‐sky	  noiseless	  case:	  
•  Main	  contribuHon	  from	  LSS	  tracers	  
•  Including	  CMB	  slightly	  improves	  the	  reconstrucHon	  	  
•  CMB	  more	  important	  when	  less	  info	  on	  LSS	  are	  available	  
•  High-‐z	  is	  the	  most	  suitable	  survey	  for	  the	  ISW	  reconstrucHon	  
•  Lensing	  has	  similar	  effect	  as	  high-‐z	  
	  
Full-‐sky	  noisy:	  
•  Quality	  of	  recostrucHon	  degraded	  
•  CMB	  more	  important	  (mainly	  at	  largest	  scales)	  
•  RelaHve	  contribuHon	  of	  each	  LSS	  tracer	  changes	  (different	  levels	  of	  noise	  for	  each	  survey)	  
•  Intermediate-‐z	  (lower	  noise)	  major	  contribuHon	  to	  the	  reconstrucHon	  
	  
Incomplete	  sky:	  
•  Quality	  of	  reconstrucHon	  slightly	  degraded	  by	  the	  mask	  
•  Different	  amount	  of	  degradaHon	  where	  observaHons	  are	  not	  available	  for	  some	  of	  the	  data	  

sets	  


