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When constraining the primordial non-Gaussianity parameter fNL with cosmic microwave background

anisotropy maps, the bias resulting from the covariance between primordial non-Gaussianity and

secondary non-Gaussianities to the estimator of fNL is generally assumed to be negligible. We show

that this assumption may not hold when attempting to measure the primordial non-Gaussianity out to

angular scales below a few tens arcminutes with an experiment like Planck, especially if the primordial

non-Gaussianity parameter is around the minimum detectability level with fNL between 5 and 10. In

future, it will be necessary to jointly estimate the combined primordial and secondary contributions

to the CMB bispectrum and establish fNL by properly accounting for the confusion from secondary

non-Gaussianities.

1 Introduction

The 3-year Wilkinson Microwave Anisotropy Probe has allowed the constraint that −54 < fNL < 114 at
the 95% confidence level 1 for the non-Gaussianity parameter, though a more recent study claims a non-
zero detection of primordial non-Gaussianity at the same 95% confidence level with 26.9 < fNL < 146.7 2.
This result, if correct, has significant cosmological implications since the expected value under standard
inflationary models is fNL ≤ 1 (see Bartolo et al. 3 for a review), though alternative models of inflation
can predict larger values. Most studies that constrain fNL with CMB anisotropy maps make use of an
estimator for fNL of the form 4,5
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N
, (1)
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is the primordial bispectrum with the assumption that fNL = 1. Here, Ŝlin is a linear
correction to account for issues related to the maps (such as the mask) and N is an overall normalization

factor 5. In equation (2), σ2 is the noise variance to the bispectrum. In general B̂obs
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is the shape of the non-Gaussianity with an

overall normalization given by bps and BSZ−κ
l1l2l3

and BISW−κ
l1l2l3

are additional foreground, secondary non-
Gaussianities from the SZ and ISW effects correlating with CMB lensing. When estimating fNL, it is
usually assumed that B̂obs

l1l2l3
≈ fNLB

prim
l1l2l3

but this leads to a biased estimate because of the contributions
from secondary anisotropies.

2 Analysis

To highlight the bias introduced to fNL when the estimator ignores secondary non-Gaussianity covari-
ances, we calculated f tot

NL = fNL+fbias where fbias is the bias that is generated artificially by the correlation
of modes between the primordial bispectrum and secondary bispectra. To properly normalize the relative
contribution from secondary non-Gaussianities, we assume normalizations for the point-source bispec-
trum consistent with WMAP with bps = 3 × 10−25, consistent with Q+V+W residual foreground 1, and
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Figure 1: The maximum non-Gaussianity measured with an optimal estimator for the primordial bispectrum ftot

NL
, which

includes the true underlying primordial non-Gaussianity with fNL as labeled on the figure and the bias correction coming

from the unaccounted secondary anisotropies.

Planck with bps = 5 × 10−27. Finally, to illustrate our results, we assume fNL consistent with roughly
the minimum detectable primordial non-Gaussianity with WMAP and Planck with fNL = 20 and 5,
respectively.

We summarize our results in Fig. 1, where we plot f tot
NL which can be thought of as the total primordial

non-Gaussianity parameter that one will extract with the above estimator for fNL when no attempt has
been made to separate out the confusion from secondary anisotropies. For the most part, the bias is
negligible and becomes only important when l > 500. For WMAP, shown with a dashed line in Fig. 1
with the assumption that fNL = 20 if non-Gaussianity measurements are attempted out to l > 700,
capturing basically all information in WMAP maps, then one finds a bias between a factor of 1.5 to 2 if
fNL ∼ 20. If fNL > 30, then the relative contribution from secondary non-Gaussianities are subdominant
compared to the primordial non-Gaussianity. Alternatively, if WMAP data are used to constrain that
fNL < 30, then such a constraint must account for the covariances from secondary non-Gaussianities,
especially those involving CMB lensing.

With Planck, non-Gaussianity estimates can be extended to lmax ∼ 2000, but at such small angular
scales, one finds a bias higher by a factor of more than 2 relative to the lowest value of fNL that can be
reached with Planck (dot-dashed line). In return, if Planck data were to constrain fNL to be below ∼

20, then such a constraint must account for the confusion from secondary anisotropies to the “optimal”
estimator of fNL, since lensing non-Gaussianities produce a correction to fNL with fbias ∼ 10.

To account for secondary non-Gaussianities, one can modify existing “optimal estimators” for fNL

and jointly fit for both the primordial non-Gaussianity and the secondary non-Gaussianities.
To conclude, the secondary non-Gaussianities could impact the significance of any detections of

primordial non-Gaussianity, especially if the detection is marginally different from zero2. For such studies,
the exact significant of the detection should include an accounting of the secondary non-Gaussianity and
the overlap with primordial bispectrum in the “optimal” estimator used to establish fNL.
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