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Sunyaev-­‐Zel’dovich	
  Effect	
  

•  Eew	
  hundred	
  stacked	
  clusters	
  
(516	
  total)	
  from	
  DES	
  Science	
  
VerificaFon	
  data	
  

•  SensiFve	
  to	
  pressure	
  profile,	
  
which	
  in	
  turn	
  depends	
  on	
  mass	
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Lensing	
  of	
  the	
  CMB	
  by	
  Large	
  Scale	
  Structure	
  

Planck Collaboration: Gravitational lensing by large-scale structures with Planck

improve on this first full-sky map of the CMB lensing poten-
tial. As is illustrated in the simulated reconstruction of Fig. 4,
there will be clear visual correlations between this map and fu-
ture measurements.

In Fig. 10 we plot the power spectra of our individual 100,
143, and 217 GHz reconstructions as well as the minimum-
variance reconstruction. The agreement of all four spectra is
striking. Overall, our power spectrum measurement is reason-
ably consistent with the ⇥CDM prediction, given our measure-
ment error bars. Dividing the L ⌃ [1, 2048] multipole range into
bins of �L = 64 and binning uniformly in [L(L + 1)]2C⇥⇥L , we
obtain a reduced ⇤2 for the di⇤erence between our power spec-
trum estimate and the model of 40.7 with 32 degrees of freedom.
The associated probability to exceed is 14%. On a detailed level,
there are some discrepancies between the shape and amplitude
of our power spectrum and the fiducial model however. Our like-
lihood is based on the multipole range 40 ⌅ L ⌅ 400, which
captures 90% of the available signal-to-noise for an amplitude
constraint on C⇥⇥L . This range was chosen as the region of our
spectrum least likely to be contaminated by systematic e⇤ects
(primarily uncertainties in the mean-field corrections at low-L,
and uncertainties in the Gaussian and point-source bias correc-
tions at high-L). Estimating an average amplitude for the fiducial
lensing power spectrum for a single bin over this multipole range
using Eq. (25) we find an amplitude of Â40⇧400 = 0.94 ± 0.04
relative to the fiducial model (which has A = 1). The power in
this region is consistent with the fiducial model, although 1.5�
low (the corresponding probability-to-exceed for the ⇤2 of this
di⇤erence is 15%). The low- and high-L extent of our likelihood
were deliberately chosen to have enough expected lensing signal
to enable a 10� detection of lensing on either side, bookending
our likelihood with two additional consistency tests. On the low-
L side, we have a good agreement with the expected power. As
will be discussed in Sect. 7.4, our measurement at L < 10 fails
some consistency tests at a level comparable to the expected sig-
nal. The L < 10 modes, which we suspect are somewhat con-
taminated by errors in the mean-field subtraction, are neverthe-
less consistent with the fiducial expectation, as can be seen in
Fig. 10; we measure Â1⇧10 = 0.44±0.54. Extending to the lower
limit of our likelihood, with a single bin from 10 ⌅ L ⌅ 40 we
measure Â10⇧40 = 1.02 ± 0.12. On the high-L side of our fidu-
cial likelihood, there is tension however. Extending from the fi-
nal likelihood multipole at L = 400 to the maximum multipole
of our reconstruction, we find Â400⇧2048 = 0.68 ± 0.13, which
is in tension with A = 1 at a level of just over 2.4�. The rel-
atively low power in our reconstruction is driven by a dip rel-
ative to the ⇥CDM model spectrum between 500 < L < 750,
as can be seen in Fig. 10. We show this feature more clearly
in the residual plot of Fig. 11. This deficit of power is in turn
driven by the 143 GHz data. For an estimate of the power spec-
trum using only 143 GHz, we measure Â143

400⇧2048 = 0.37 ± 0.18.
The 217 GHz reconstruction is more consistent with the model,
having Â217

400⇧2048 = 0.82 ± 0.17. These two measurements are
in tension; we have Â217�143

400⇧2048 = 0.45 ± 0.18, which is a 2.5�
discrepancy. The error bar on this di⇤erence accounts for the ex-
pected correlation between the two channels due to the fact that
they see the same CMB sky. A larger set of consistency tests
will be presented in Sect. 7. We note for now that the bins from
40 < L < 400 used in our likelihood pass all consistency tests,
and show better agreement between 143 and 217 GHz. Although
L < 40 and L > 400 are not included in our nominal likelihood,
when discussing the use of the lensing likelihood for cosmo-
logical parameter constraints in the following section we will

⇥WF(n̂)

Galactic North

⇥WF(n̂)

Galactic South

Fig. 8. Wiener-filtered lensing potential estimate
⇥WF

LM ⇤ C⇥⇥L (⇥̄LM � ⇥̄MF
LM ) for our MV reconstruction, in Galactic

coordinates using orthographic projection. The reconstruction
is bandpass filtered to L ⌃ [10, 2048]. The Planck lens recon-
struction has S/N ⌅ 1 for individual modes on all scales, so
this map is noise dominated. Comparison between simulations
of reconstructed and input ⇥ in Fig. 4 show the expected level
of visible correlation between our reconstruction and the true
lensing potential.

Galactic South - 143 GHz Galactic South - 217 GHz

Fig. 9. Wiener-filtered lensing potential estimates, as in Fig. 8,
for the individual 143 and 217 GHz maps.
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Will	
  teach	
  us	
  about	
  galaxy	
  bias	
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  and	
  
CMB	
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•  LRG	
  
•  Clusters	
  
•  Galaxies	
  in	
  SPT	
  	
  Selected	
  

Clusters	
  

Clusters	
  

Shear	
  Map	
   DES	
  cosmic	
  
shear	
  with	
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map	
  

Might	
  pick	
  up	
  
ISW	
  and	
  
Diffuse	
  SZ	
  

This	
  would	
  probe	
  <Phi	
  x	
  
Pressure>	
  

Might	
  be	
  
interesFng	
  to	
  
think	
  about	
  this	
  

TangenKal	
  
Shear	
  [g-­‐g	
  
lensing;	
  cluster	
  
lensing]	
  

Might	
  be	
  
interesFng	
  to	
  
do	
  “CMB	
  
kappa”-­‐
lensing	
  

	
  Probes	
  	
  
<\Delta\Sigma	
  
x	
  Pressure>	
  

Cluster	
  lensing	
  of	
  SZ-­‐
detected	
  clusters:	
  



•  Simply	
  mulFplying	
  likelihoods	
  is	
  incorrect:	
  all	
  probes	
  are	
  
correlated	
  with	
  one	
  another	
  

•  Canonical	
  example:	
  Lensing	
  and	
  Large	
  Scale	
  Structure:	
  
	
  
δκ = δ fgκbg + δbgκ fg + δbgκbg + δ fgκ fg

Galaxy-­‐galaxy	
  lensing:	
  
Foreground	
  over-­‐

density	
  responsible	
  for	
  
lensing	
  of	
  background	
  

galaxies	
  

MagnificaKon:	
  
Background	
  over-­‐density	
  

is	
  (de-­‐)magnified	
  by	
  
foreground	
  and	
  

background	
  kappa	
  maps	
  

Lens-­‐Source	
  coupling:	
  
Background	
  over-­‐
density	
  affects	
  

background	
  kappa	
  map	
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Can	
  explain	
  acceleraFon	
  without	
  dark	
  energy	
  (w)	
  by	
  modifying	
  GR:	
  

Many	
  ways	
  to	
  modify	
  gravity	
  to	
  fit	
  expansion	
  history:	
  Trodden,	
  
Matas,	
  Stefanyszyn,	
  Park,	
  Salgado,	
  Erickcek,	
  …	
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Fix	
  expansion	
  
history:	
  
differenFate	
  
between	
  DE
+GR	
  and	
  MG	
  
using	
  growth	
  
of	
  structure	
  

Huterer	
  et	
  al.	
  2014	
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Lensing	
  +	
  LSS	
  as	
  a	
  probe	
  of	
  Growth	
  	
  
(Yoo	
  &	
  Seljak;	
  Oguri	
  and	
  Takada;	
  van	
  den	
  Bosch,	
  More,	
  Cacciato,	
  Mo,	
  Yang)	
  

•  Use	
  shear	
  of	
  background	
  galaxies	
  to	
  esFmate	
  mass	
  of	
  
foreground	
  galaxies	
  

•  There	
  is	
  a	
  theoreFcal	
  predicFon,	
  calibrated	
  off	
  simulaFons,	
  
for	
  b(M)	
  

•  Use	
  the	
  large	
  scale	
  distribuFon	
  of	
  the	
  foreground	
  galaxies	
  
(whose	
  mass	
  is	
  now	
  known)	
  to	
  infer	
  the	
  majer	
  power	
  
spectrum	
  

P(k, z) =
Pgg(k, z)
bg
2 (M )

P(k, z) =
Pgg(k, z)
bg
2 (M )

Amplitude	
  of	
  fluctuaFons	
  
as	
  a	
  funcFon	
  of	
  redshil	
  



Measure	
  the	
  mean	
  
mass	
  of	
  a	
  sample	
  
using	
  g-­‐g	
  lensing	
  in	
  
a	
  given	
  redshil	
  bin	
  

Compute	
  b(M,z)	
  

Measure	
  the	
  
clustering	
  of	
  the	
  

sample	
  Infer	
  clustering	
  
as	
  a	
  funcFon	
  of	
  

redshil	
  

Lensing	
  +	
  LSS	
  as	
  a	
  probe	
  of	
  Growth	
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Data	
  Vector	
  

Measure	
  the	
  
clustering	
  of	
  the	
  

sample	
  

Theory	
  
PredicFon:	
  	
  

γt(M,	
  c,	
  Ωm,	
  h),	
  	
  
w(θ;	
  Ωm,	
  h,	
  σ8)	
  

Input	
  
parameters:	
  
P(M|L),	
  c,	
  Ωm,	
  

h,	
  σ8	
  

Likelihood	
  

Covariance	
  
Matrix	
  

Lensing	
  +	
  LSS	
  as	
  a	
  probe	
  of	
  Growth	
  	
  
	
  



Galaxy-­‐Galaxy	
  Lensing:	
  SimulaFons	
  



Galaxy-­‐Galaxy	
  Lensing:	
  SV	
  Data	
  



Galaxy	
  Clustering	
  Data	
  

See	
  Talk	
  by	
  
Flavia	
  Sobreira	
  
on	
  Friday	
  for	
  
details,	
  further	
  
results	
  



Preliminary	
  ProjecFons	
  on	
  SimulaFons	
  

See	
  Poster	
  by	
  Youngsoo	
  Park*#	
  



Preliminary	
  ProjecFons	
  on	
  SimulaFons	
  

Aim	
  to	
  constrain	
  growth	
  at	
  the	
  10%	
  level;	
  should	
  
get	
  compeFFve	
  constraint	
  even	
  with	
  SV	
  data	
  



CosmoSIS:	
  Cosmological	
  Survey	
  Inference	
  System	
  

•  Designed	
  by	
  Theory	
  &	
  Combined	
  
Probes	
  Working	
  Group	
  in	
  DES	
  to	
  help	
  
the	
  collaboraFon	
  work	
  together	
  to	
  
extract	
  Fghtest	
  constrains	
  on	
  dark	
  
energy	
  

•  Solware	
  Framework	
  that	
  empowers	
  
mulFple	
  users	
  to	
  develop	
  and	
  share	
  
code,	
  combine	
  analyses,	
  and	
  produce	
  
robust	
  cosmological	
  parameter	
  
constraints:	
  cosmoMC	
  on	
  steroids!	
  

•  Already	
  in	
  use	
  in	
  DES,	
  but	
  gaining	
  
tracFon	
  with	
  the	
  broader	
  community	
  
(breakout	
  workshop	
  in	
  May;	
  talks	
  at	
  
DESI,	
  LSST,	
  FNAL	
  Users	
  meeFng)	
  

hjps://bitbucket.org/joezuntz/cosmosis/wiki/Home	
  or	
  contact	
  me	
  
	
  


