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The cosmic microwave background and weak gravitational lensing

Why do we care about CMB lensing? How does lensing affect the CMB? Previously
* Models of dark matter make predictions about the e Weak gravitational lensing re-maps the CMB * Detections h'ave taken advantage of additional correlations introduced

formation of compact structures. temperature field with respect to the lensing by CMB lensing.

ootential (). e These methods are currently sub-optimal for determining the effects
Example: o *** of lensing at small angular scales (< 3 arcmin).
*  High resolution CMB maps (20 arcseconds), and
****** K Ky @ .Lg . Ps (2€ ), an
* ow noise levels (0.5 pK-arcmin) would be optimal.
Cold Dark Matter Warm Dark Matter
Goals

¢ ThEir abundance sets the extent Of IenSing effeCtS. ° Features can be magniﬂed or de_magnified.
e The CMB travels through every compact structure since e Statistically, lensing alters the distribution of e Construct an estimator for the effects of CMB lensing at < 3 arcmin.

recombination. anisotropies.  Characterize its ability to quantify lensing statistics at small scales in
* CMB lensing can be observed at all lines-of-sight. e Effects are dominant at small angular scales comparison to an all-sky average estimate.

Determining local lensing statistics in the cosmic microwave background

Estimator principles Can we do better than an all-sky average? Reduction pipeline Start
*  We will take advantage of the CMB temperature re-mapping. e We construct patches on the sky containing sub-pixels e Start with a CMB temperature map  Compute T
A first order Taylor expansion reveals: used to determine local lensing observables. Objectives: gradient
N -  Alarge sample of local measurements can out-perform 1) Filter maps to select for lensing 6T
ﬂens (n) — TCMB (n) =+ Vlb ' vCFCNIB an all-sky average. effects.

2) Compute local statistics by | 1) Filter

grouping pixels into local patches. = .S g g
3) Correlate gradient and \¥i T
Local statistics

temperature maps. 2) e
: : within patches
4) A linear relation reveals: ‘2 Sg 12
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* Aslope (lensing deflection), and Y e (TRMS)

2 2 —
<frlens> ™ <TCMB> T Vlb VCFCMB
e Anintercept (original CMB \/
variations + non-lensing).

\ We can observe these directly! / e oo 1
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Lensing potential

* And statistically (over the entire sky) at small scales:

Estimator characterization and outlook
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Above: Distribution of local lensing statistics 1 * Further characterize the estimator by applying it to Bigger Angular scales Smaller
from patches of a simulated lensed CMB. 4.0° different simulated CMB maps. . . .
| | | * Apply local statistical estimators to other CIVIB secondaries Above:. Comparison ?f predicted lensing power
0.0 0.5 Lo such as the kinetic Sunyaev-Zel’dovich effect. from different neutrino masses.

Local |VT|? [uK?/rad?]

References:

[1] Alvarez, M. A., Bond, J. R., Stein, G., et al. 2018, In prep

[2] Bond, J. R., & Myers, S. T. 1996, AplJS, 103, 1

[3] Das, S., Sherwin, B. D., Aguirre, P., et al. 2011, Physical Review Letters, 107, 021301
[4] Hu, W., & Okamoto, T. 2002, ApJ, 574, 566

[5] Lewis, A., & Challinor, A. 2006, Phys. Rep., 429, 1

[6] Nguyen, H. N., Sehgal, N., & Madhavacheril, M. 2017, arXiv:1710.03747

[7] Smith, K. M., & Ferraro, S. 2016, arXiv:1607.01769

Canadian Institute for

UNIVERSITY OF DUNLAP INSTITUTE Theoretical Astrophysics

CITA
& TORONTO  for ASTRONOMY & ASTROPHYSICS j ICAT s

d'astrophysique théorique

Astronomy & Astrophysics
%2 UNIVERSITY OF TORONTO



mailto:chan@astro.utoronto.ca
http://www.astro.utoronto.ca/~chan

