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Most of the CMB experiments proposed for the next generation (like the CMB Stage-IV or LiteBIRD) are centered around lensing-related science goals, whether it is just aiming for the reconstruction of the
lensing potential, or attempting to detect the signature that the Primordial Gravitational Wave Background (PGWB) leaves in the B-mode polarization of the CMB. The success of the latter of these endeavors
depends on our capacity to reduce the galactic foreground emission and to delens the secondary B-mode component induced by weak gravitational lensing. In this work we decided to explore the most practical
aspects of this delensing process to determine (through simulation-based predictions) how well would it be possible to reduce the lensed B-mode component in the maps that the next generation of CMB
experiments will provide, and how much will this impact the detection of the PWGB.

INTRODUCTION

To revert the effect that WL has on the CMB it is necessary to know
the matter distribution causing the lensing. That information is con-
tained in the lensing potential map φ(®n), i.e., the projection on to the
sphere of the integrated matter distribution along the line-of-sight
all the way back to decoupling.

Currently, the best probe we have for φ(®n) is the CMB itself, al-
though other large-scale structure tracers like the Cosmic Infrared
Background or galaxy surveys can also be used [1], and quadratic
estimators (QE) are the most extended technique used for internal
lensing potential reconstructions.

Essentially, the angular power spectrum of the φ(®n) recovered with

QE is just the true angular power spectrum of φ (Cφφ
`
) plus some

reconstruction noise (NL). Knowing NL, the detection level at which
the potential would be recovered can be estimated like:
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.

The reconstruction noise that a minimum variance QE (built follow-
ing [2]) could produce from full-sky temperature and polarization
CMBmaps with sensitivities around the µK ·arcmin scale was calcu-
lated using the public quicklens [3] code, and the corresponding
σφ is shown in Figure 1, as a function of the CMB map resolution.

Figure 1

LENSING POTENTIAL RECONSTRUCTIONS

The public code LensPix [4] was used to lens CMB maps. In this
code, lensing is implemented as a remapping of points across the
sphere: X̃(®n) = X(®n+ ®∇φ(®n)). Adopting the antilensing approxima-
tion, lensing would then be reverted by returning each point to its
original position: X̂(®n) = X̃(®n − ®∇φ(®n)).

Figure 2

Two delensing methodologies were explored:
• plain antilensing;
• template delensing, where a template of the lensing induced B-
modes is built by lensing the antilensed E-mode map, and then
removed from the observed lensed B-modes.

Before delensing, both CMB and φ(®n) maps are Wiener filtered.

Defining the delensing fraction as D = 〈CBB
`,delensed/C

BB
`,lensed〉`≤100,

the delensing efficiency of both methodologies can be compared
through the quotient ∆D/D = (DAntilens −DTemp.Delens)/DAntilens.
Figure 3 demonstrates how template delensing has an increasingly
better performance as the quality of the work maps improves.

Antilensing worse performance is caused by the numerical er-
rors remapping codes with bicubic interpolation algorithms (like
LensPix) accumulate in the simulation of lensed B-modes. This
problem could be solved with a more precise interpolation algo-
rithm, like the one proposed by FLINTS [5].

Figure 3

DELENSING METHODOLOGY

Figure 4 Figures 4 and 5 display D as a function of the noise added to CMB
maps and the quality of φ’s reconstructions. Solid lines correspond
to a CMB map resolution of 10′, and dashed lines to 20′.

For delensing to become succesful (i.e.,D < 1), CMB maps should
have an instrumental noise below σn = 4.5µK ·arcmin.

D(σφ) seems to continuously improve towards higher σφ, but it is
in fact limited by:

• numerical errors LensPix accumulates in the lensing process,
which impose a Dmax = 9 × 10−4 restriction even when lensing
and delensing with the exact same φ(®n);

• cosmic variance, since the maximum σφ possible when summing
up to Lmax = 2500 is σφ = 1769.

Figure 5

DELENSING EFFICIENCY

Figure 6 The detectability of the primordial B-mode can be evaluated as a
function of the tensor-to-scalar ratio r through the signal-to-noise
ratio S/N = r/σr . This σr is obtained by building the Fisher matrix
associated to fitting a primordial B-mode, the lensing component,
and foreground residuals to the observed B-mode signal. For the
foreground residual we assumed that component separation reduced
down to its 1% the expected foreground signal for the cleanest 1%
fraction of the sky at 100GHz [6].

Predicted S/N ratios are shown in Figure 6, while Figure 7 displays
the fractional gain G = S/Nw/ delensing

/
S/Nw/o delensing. For refer-

ence, we include our estimate of the S/N of the LiteBIRD[7] sky
delensed with the lensing potential reconstruction provided by the
Stage-IV[8] Deep/Wide survey, and the S/N for the combination of
that delensed LiteBIRD sky and both self-delensed Stage-IV maps.

Figure 7

IMPLICATIONS FOR PRIMORDIAL B-MODE DETECTION
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