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Measurements of CMB Lensing on
Large Scales
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ACTPol Season | + Season 2
Forecast
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Delensing Motivation

* Delensing = undo the lensing of the primordial CMB due
to Large-scale structure (LSS)

T"(2) =T (2 + V(i)
\

Projected Deflection angle
lensing potential
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Delensing Motivation

* Delensing = undo the lensing of the primordial CMB due
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Delensing Motivation
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Delensing Motivation

* Delensing = undo the lensing of the primordial CMB due
to Large-scale structure (LSS)
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Shift pixels backward using
LSS map to reconstruct
unlensed CMB

* Need template of LSS from either internal CMB lens map

reconstruction and/or LSS tracer like CIB
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Delensing Motivation

- — Tensor r—0.2
ol Tensor r =0.01

Want to measure the amplitude 107F —— Tensorr=0.001 1
(r) and scale dependence (nT) of | Lensing
. . 1| ® e BICEP2
primordial B-mode power 107 .« POLARBEAR

nt = -r/8 is consistency relation
of single-field, slow roll inflation

B-modes from gravitational
lensing are a contaminant

10’ 10° 10°

Simard, Hanson, Holder 2014, 1410.069 |
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Delensing Motivation

* Error on r proportional to B-mode lens power

2 BB,lens BB
o) x 3 \/ Ty (O NE)

* With map of LSS and CMB E-mode map, can
estimate CMB B-mode map from lensing

* Need range of scales (100 <1 < [000), including
small-scales as they contribute to large-scale
B-mode power

Neelima Sehgal, Stony Brook
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ACTPol Season | + Season 2
Delensing

* Delensing has not been demonstrated yet

* Want to demonstrate this with temperature data first

Can show we have delensed by undoing lensing-induced
peak smearing in temp power spectrum

Unlensed Simulation

Lensed Simulation
- Unlensed Theory
Lensed Theory

10°
Subtle effect, but existence of

peak smearing has already been
detected by ACT, SPT, and
Planck

¢ C,/(2n) (uK)
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500 1000 1500 2000 2500 3000 3500
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AdVACT: Inflation Forecast

AdvACT will survey
50% of sky

have 5 frequency
channels
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AdVACT: Inflation Forecast

AdvACT will survey
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AdVACT: Inflation Forecast

AdvACT will survey
50% of sky

have 5 frequency
channels

have a HWP to get to
ell ~ 50

have small-scale CMB
to delens
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Inflation
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CMB Lensing on Small Scales

Unlensed CMB

Noiseless unlensed CMB sim I‘
20’ x 20’ patch
Mostly gradient .
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CMB Lensing on Small Scales

Lensed CMB

Noiseless lensed CMB sim '
20’ x 20’ patch

Lensed by Mjgo = 2 x 10> Msun

Lensing signal on Mpc / arcmin

scales
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CMB Lensing on Small Scales

Difference Map
Difference of lensed and
unlensed CMB '
20’ x 20’ patch
Characteristic dipole along the .

direction of gradient

Dipole signal is of the order
of ~1-10uK
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Stacked ~12,000 CMASS
Galaxies

Galaxies from
SDSS-I/BOSS DR10

CMASS (“constant mass”)

galaxies have similar
selection as LRGs
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Stacked ~12,000 CMASS
Galaxies

Galaxies from

SDSS-1I/BOSS DR10
Weak lensing using CFHTLS

CMASS (“constant mass”) a

=~ = 1-halo central .
: . - - | Miyatake et al., 2013
galaxies have similar W | Lhdlo satelite| 73052 o

= = = 2-halo

selection as LRGs

10' b

Galaxies chosen
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weak lensing mass -
estimates i
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ACTPol: First Detection of Lensing of the

CMB by Dark Matter Halos

Madhavacheril, Sehgal, et. al., 2014, PRL in press, arXiv: 1411.7999
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ACTPol: First Detection of Lensing of the
CMB by Dark Matter Halos

Madhavacheril, Sehgal, et. al., 2014, PRL in press, arXiv: 1411.7999
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We detect halo lensing from 12,000 stacked CMASS galaxies
at S/N of 3.2 sigma

Best fit: My = (2.0 +£0.7) x 10°°A~ M, and c200 = 5.4 £ 0.8
See Mathew Madhavacheril’s talk on Friday




AdvACT: Dark Energy Forecast
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AdvACT: Dark Energy Forecast
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Conclusion

ACTPol - 3rd year of observations now
AdvACT - observing next year, for 3 years
Detect neutrino mass with CMB Lensing

Probe r ~ 0.01 with AdvACT

Many techniques to explore Dark Energy
including new CMB Halo Lensing



