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A quick summary of the current status of cosmology
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CMB lensing

@ Photons from last scattering surface deflected by
gravitational potential of large-scale structure
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CMB lensing

@ Photons from last scattering surface deflected by

gravitational potential of large-scale structure
Lensed Lensed

k 4

> 9
$N"
%

) ! V<d2>n~2.5
2.5° “Ii!
o) =2 | an XU eee) g 5

X (Trec) X (1)

® Typical deflections: ~2.5 arcmin

® Coherent on the degree scale

® CMB lensing induces temperature-gradient correlations

O[a] = O[h + Vé(d)] ~ O[a] + Ve[a] VO[A] + - - -

Lensing potential reconstruction




/&\-‘ The matter in the Universe as seen by Planck
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(noisy) Map of the matter distribution at z ~ 2
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CMB lensing reconstruction
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Best reconstruction
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Large-scale structure needed

@ «Lensing breaks diameter degeneracy»
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Large-scale structure needed o @
OO

@ «Lensing breaks diameter degeneracy»
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@ «Lensing breaks diameter degeneracy»
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@ «Lensing breaks diameter degeneracy»
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Large-scale structure needed
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CMB lensing landscape in the coming years _ g
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+ ACT, ACTpol, Advanced ACT: similar timescale and properties as SPT surveys
+ Possible post-planck CMB mission ESA-M4, USA CMB-S4
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The Planck Collaboration XVII, 2013

(noisy) Map of the matter distribution at z ~ 2



Lensing potential power spectrum | 2

~ X(1 — Nrec) 3
Pn) = Q/dnx(nrec)x(n)qj(x )

Contribution of LSS at different redshifts to the lensing potential power spectrum
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The CMB lensing kernel is wide. Almost all redshift contribute
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Cross-correlations - |
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LSS that causes CMB lensing can be (directly) observed by LSST

@ Galaxies trace the matter distribution (biased!)

@ CMB lensing by all the matter distribution



CMB lensing - External tracers
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+ similar measurements from SPT, ACT, PolarBear
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Cross-correlations - .
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LSS that cause CMB lensing can be (directly) observed by LSST

@ Galaxies trace the matter distribution (biased!)

@ Weak lensing of background galaxy by foreground matter distribution

@ CMB lensing by all the matter distribution



Cross-correlations i .
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Angular power spectrum
of the cross-correlation
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Cross-correlations i .

CXY ~ /O a0 (OPEx )

Angular power spectrum
of the cross-correlation Matter power spectrum
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Similar measurements are underway e Trom LSST seionce book

within the Dark Energy Survey (DES)
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Cross-correlations

o ,

Cit¥ ~ /O X (0w (P x, )

[ 2 Xx — X X g dN
w' (x) o< Qo H, - w9 (x) o< b—
o X« Q dx
CMB lensing Galaxy distribution
. Shear - CMB lensing
T | T B I —
- binl
| - -=- bin2
4 e | | bin 3
. - : - - only 1 bin
% 3 ¢ 1 1.4% 0.8%
S : .
R
5/ N--—_ I
= ‘ 2%
| 7%
0
3%
4% ’
-1 I I l I I
500 1000 1500 2000 2500 3000

{

24

a

X dN v —
w*(x) HngK/ e
X

ax" X’
Weak lensing on galaxies

CMB lensing bring new LSS
observation, with CMB data

These cross-correlation
contain huge statistical power

Next steps: include CMB
lensing in FoOM calculations



Conclusions

CMB & LSS
2 complementary probes

® Arcminute scale CMB experiments provides additional information on the
Large-Scale Structure of the Universe: CMB lensing, SZ effect

® Full-sky CMB & LSS data needed for ISW (not mentioned here)

CMB lensing

® CMB lensing can be considered as a new probe of the matter distribution
® Different systematics, bias free, no observational effects (source distribution)

® Hardly mentioned in LSST Science Book (i.e. detailed forecasts needed)

Item for discussions

@ Other LSS probes from CMB: SZ, ISW
® CMB data around 2025
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