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Why delens? i.e. are the effect of lensing limiting our parameter constraints?
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Delensing: demonstrations on data
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Delensing for 7: a BICEP/Keck example
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* We can fit lensing model + r simultaneously, but limited by sample variance of lensing

* Delensing B-modes: using the realization-specific lensing B-mode sky to reduce
lensing sample variance

 Especially important if observing a small sky patch
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Delensing: the idea

1. Use Phi tracer and lensed E map to get estimate of lensing B modes

lensed E map Phi map B template

(i

2. Cross-correlate the lensing B template with observed B mode map to
quantify how much lensing B modes are in the observed map

weighted integral of
gravitational potential

between us and CMB Image credit: Hu & Okamoto (2002)
along line of sight

Observed B map B template Common structure

in both maps!
S
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Lensing template construction

1. Undeflect by —V (o)

Lensed Q/U map

2. Difference the pre- and post-deflected map

Lensed Q/U map
b fa b 4
BT R TR T Q/U maps that
';:r“‘.'::&.; & ':.JZ'E“'J‘ r v .
A e has no lensing
T L ST A Y
A [ty I B-modes
(in ideal, noiseless case)

Q/U maps that
has no lensing
B-modes

(in ideal, noiseless case)

lensing template:
Q/U maps that contain
lensing E /B modes
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Feed the Q/U map through a B-estimator to get the power spectra as inputs to the multicomponent

analysis.
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Inputs to BK lensing template

%+ Phi tracer: Planck’s CIB
map

L)

*  Q/U maps: combination of
BICEP /Keck, SPTpol, and
Planck maps

L)

BK patch; ~500 deg”\2

(plot by Clem Pryke)
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Connecting delensing to o(r)

BICEP /Keck analysis framework:

how is delensing incorporated



BK multicomponent analysis (no delensing)

Maps from Planck

* Input maps to multicomponent analysis

Q U
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BK multicomponent analysis (no delensing)

o® o 10 L s

ool = . oca| ™ ™ ‘A 2|"s""n ' » _l - n 0 “'
* Take the auto- and cross-spectra of the :"":i P P ] o H ”T.:o_“‘“ aary
BICEP/Keck and WMAP/Planck maps  .L__t1.[ 1], P e B
B W, oz |Bx P - B W, o5 o o, 02 ex P e (T
05 e o st tgd a PR W . A.‘! o l"_
. 2 © ‘ﬁ"l 02 o s o ‘* 02 . - {
 To calculate the likelihood, compare the g “Fon 1| “porn e (] “Fome | e |
o.-‘-l'*‘. " o S Y — 0 0 O Pty 4
data bandpowers against the model . LN .. | NIEMELI™ A
. . 2o _»,, 2o i I N b (TP “Mox, o, O o, o2
expectation values of lensing BB, r, and 7 |73t Fogty ] Lon i o] N +
parameter foreground model: e — Pﬂgﬁw = —

o

Adusta O dust Bdusta Async; Qsync 5sync i AR o_.ﬂ,l._| oforiey * o—d-'—'-*— T
dust/sync correlation 1" o @

-
—
'
-
o
-
(=3

- N o ~ (=] o
=
;
o4 B
.
o
b3
- b |
- h
5
—
o
l v
- = X .~
o - i -
z -4
R
[
[~
9
p .4
9
L
-
-‘L_._
= o an
} ]
- =
o
—p—
- o oo (=3 won o N o
p ¥
- s
-
——

- 10 10 1
9‘."“ 2lp @ PP WP WP , WP I
L | a N 4 1 ‘
11 et o A { man. oY LN
2 {
10 1 10
1 . - g
WP WP o W P oo PP I 2P PP
0 LAY S 0 bt i, ° 1 ° A } Py S P ! l
T A T N
2 {
2 -2 -10 o -1
o . lp 2o 39? ' e wp . I 0fp p
n e » * AT (s ) "‘ I wy
° (R ® 0"% ® '.YQ & b { 0 bt ' ° ‘ 7
l +
' i t ' T i
2 -10 -2 .2 ] 10
0s 03 2 05 2 2
L PP PP L L L
x ) x ol 0 AL} ) n a0
Vi 4 ek
] .‘ .AY () tv ’J 0—*—4‘ 0 0 0 ‘%-%
t 1
03 09 -2 25 -2 -2
0 100 200 0O 100 200 © 100 200 0 100 200 0 100 200 0 100 200
Multipole

Kimmy Wu, UChicago 11



BK 15 constraints
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BK multicomponent analysis (+ delensing)

* Input maps to multicomponent analysis i lensn;l% "Eemplate
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Lensing template as input in multicomponent analysis

no delensing

The covariance matrix

that enters the likelihood ia Wlth delenSIng
has information of the ~

covariance between the
lensing BB spectrum and
the observed BB spectrum 0

—> reducing o(r). 9.0 - Simulation
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BK14

Perfect
Phi

BK14
unlensed
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How much do we improve o(r)?

13

With perfect ¢ map (no
decorrelation, no noise), adding
a lensing template to the BK14

data set improves o(r) from
0.025 to 0.018

Using CIB phi tracer to form the
lensing template, o(r) improves
by ~10% from BK14



Checks/tests

How much do we bias the lensing template (and therefore r)
if the polarization calibration is off?

if the bandpasses between BK/SPT/Planck for Q/U combination are
differently sensitive to galactic dust?

if the CIB-phi correlation is misestimated?
if the CIB map is contaminated by dust?

if the Q/U map is contaminated by dust?
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Delensing efficiency

1.0
Cross-correlation of tracer
and ¢-field
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~scales of lenses that source most lensing B-modes

In the limit that the E-mode noise is small, the correlation between the ¢ tracer and the underlying
phi field determines how well the lensing B-modes are estimated —> delensing efficiency
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Forecasts (SPT-3G / CMB-S4)

Cross-correlation of tracer
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CMB reconstructed ¢ will soon be the best lensing potential tracer for B-

mode delensing
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For future experiments

Biases:

Need to control biases from using CMB phi for delensing (e.g. Carron+ 2017,
Namikawa 2017, Sehgal+2017, Teng+2011)

Non-Gaussian foregrounds (galactic and extragalactic) biasing the CMB phi
reconstruction used for delensing (e.g. van Engelen, etc.)

Higher-order lensing/ post-Born effects (e.g. Boehm+ 2018)
Covariances

to what precision will we need to model the covariance amongst delensed
bandpowers (or covariance between lensing templates and CMB spectra)?

Effects from mis-modeling of beam, noise, boundary /source masks...

How do the above translate/accumulate for iterative approaches or for
sampling?
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Delensing improves constraints on parameters like r and Nef.
For BICEP /Keck, we have incorporated delensing into a likelihood analysis for r.

B mode variance is currently dominated by galactic foregrounds; even with
perfect delensing we do not improve o(r) very significantly. For BK14, o(r) is
reduced by ~10% after delensing using CIB as ¢ tracer.

CIB map we use has cross-correlation with underlying ¢ at 60-80%; CMB ¢ from
next generation CMB experiments will have correlation > 90% for large angular
scales.

Much work have been done to understand and characterize potential biases in
high S /Niregime lensing/delensing. Non-Gaussian polarized dust foregrounds
small scales-maybé is the mostumncertain known unknown...
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