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Why primordial non-Gaussianity?

Non-Gaussianity currently is the highest precision test of standard 
inflation

with Planck <≈0.01%

For comparison:
– Flatness in second place with now ~0.1%
– Isocurvature constraints ~1%  (hence tight constraints on 

topological defects, such as cosmic strings)

Ben Wandelt, COSPAR 2018, July 2018



Beyond the 2-pt statistics… we 
work with maps!

Ben Wandelt, COSPAR 2018, July 2018
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Fig. 4. Component-separated CMB maps at 800 resolution. Columns show Stokes I, Q and U, respectively, while rows show results derived with
di↵erent component-separation methods. Note that the SMICA maps have been in-painted in a Galactic mask, while no masks are applied to the
other maps.

direct comparisons between the various maps we therefore con-
volve all four data sets to a common e↵ective resolution prior to
analysis, adopting the following procedure. We emphasize, how-
ever, that the released data products are provided at their native
resolution, in order to allow external users to exploit the full res-
olution of each data set, if so desired.

For temperature, the most aggressive smoothing applied by
any of the four pipelines is defined by NILC, for which the e↵ec-
tive high-` apodization kernel reads

B(`) =

8>><
>>:
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i
, ` > `peak,
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where `peak = 3400 and `max = 3999. We therefore apply this
kernel to each of the three other pipelines, on top of their intrinsic
50 FWHM smoothing kernels. (For SMICA we additionally apply
the HEALPix pixel window for Nside = 2048, which is not by
default applied for this code.)

For polarization, the most aggressive high-` truncation is ap-
plied by SEVEM, which enforces a hard harmonic space trunca-

tion at `max = 3000. This same truncation is therefore also im-
posed on each of the three other codes in polarization as a post-
processing step.

4. CMB maps

We are now ready to present the scientific results obtained by the
various pipelines as applied to the Planck 2018 data, and we start
with the CMB maps and associated products; astrophysical fore-
ground results are presented in the next section. For a detailed
analysis of the higher-order statistical properties of these maps,
we refer the interested reader to ?.

4.1. Full-mission maps and comparison with 2015 release

Figure 4 shows the final full-mission Planck 2018 CMB com-
ponent separated maps derived by each of the four pipelines8,

8 The four cleaned frequency maps (from 70 to 217 GHz) provided by
SEVEM are also shown in Fig. C.1.

Article number, page 12 of 70



Beyond the 2-pt statistics… we 
work with maps!
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NG of local type:
• Multi-field 

models
• Curvaton
• Ekpyrotic/cyclic 

models

NG of equilateral type
• Non-canonical kinetic 

term
– K-inflation
– DBI inflation

• Higher-derivate 
terms in Lagrangian
– Ghost inflation

• Effective field theory

NG of orthogonal type
• Distinguishes 

between different 
variants of 
– Non-canonical 

kinetic term
– Higher derivative 

interactions
• Galileon inflation       

Beyond the Cl: CMB bispectrum
fingerprinting with Planck



Bispectrum fingerprinting

Slices through bispectra
of primordial fluctuations
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TTT bispectrum - changes since 
2015

Ben Wandelt, COSPAR 2018, July 2018

Binned
estimator

A statistically 
significant 
change in the 
orthogonal T 
bispectrum in 
the  
Commander 
maps

preliminary



Change in CMB T maps since 2015

Ben Wandelt, COSPAR 2018, July 2018
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Fig. 5. Di↵erences between 2015 and 2018 CMB I maps at 800 reso-
lution. From top to bottom, rows show results for Commander, NILC,
SEVEM, and SMICA.

both in intensity (left column) and polarization (middle and right
columns). Note that SMICA has been in-painted within a Galac-
tic mask (see Appendix D), while the other three maps are not.
All maps are smoothed to a common resolution of 800 FWHM
for visualization purposes.

At least at first sight, the consistency among the various
pipeline maps appears to be reasonable outside the central Galac-
tic plane, and, as expected, more so in temperature than in polar-
ization.

In the polarization maps, however, we can identify several
notable artifacts already at this stage, that prospective future
users of these maps need to be aware of. The visually most strik-
ing features are of course residual foreground contamination in
the Galactic plane. In particular, the alternating sign along the
plane is a classic signature of temperature-to-polarization leak-
age, and the Planck data set is particularly sensitive to residual
CO emission in this respect. These features are extremely dif-
ficult to suppress to the level of the CMB fluctuations at the
processing level, and must in practice be removed by standard
Galactic masking.

The second most striking feature in the polarization maps is
a blue stripe in the upper right quadrant of the Stokes U map.
This stripe corresponds to a few bad scanning rings that ideally
should have been removed by flagging during map making. Un-
fortunately, this issue was not caught at a su�ciently early stage
of the processing, and therefore remains in the final map. We
therefore mask this stripe in the same way that we mask Galac-
tic residuals.

Third, and somewhat less obvious, we observe broad large-
scale structures in both Stokes Q and U aligned with the Planck

scanning strategy. These structures are e↵ectively due to gain
modelling uncertainties coupled to monopole and dipole leak-
age, and corresponding features are present in the associated
simulations. In principle, these should therefore not necessar-
ily need to be removed prior to subsequent analyses, as long as
the appropriate simulations are used to quantify all relevant un-
certainties. In practice, however, we do note that these modes
are associated with significant additional systematic uncertain-
ties. We therefore caution against over-interpretation of the very
largest scales in these maps. In particular, we warn against em-
ploying these maps for auto-correlation type analysis, unless the
statistic of choice is explicitly shown to be robust against this
type of systematic e↵ect based on end-to-end simulations.

In Fig. 5 we show temperature di↵erence maps between
each of the 2018 pipeline maps and the corresponding 2015
pipeline maps. Corresponding polarization di↵erence maps are
not shown, since the high level of large-scale systematics in
the 2015 maps renders a direct di↵erence map comparison non-
informative. In Fig. 5, we recognize many of the features seen in
the raw input frequency di↵erence maps shown in Fig. 1 and 2,
and discussed in Sect. 3.

Starting with Commander, the most striking di↵erence is a
dark blue Galactic plane residual with a clear CO-like morphol-
ogy. This reflects the fact that it is more di�cult for the paramet-
ric Commander pipeline to estimate CO emission from co-added
frequency maps (as in the 2018 processing) than with individ-
ual bolometer maps (as in the 2015 processing). For this reason,
the Commander map adopts a larger Galactic mask in the new
release than in the previous, specifically targeting CO emission;
see Appendix A for further details. The second most notable fea-
ture in the Commander di↵erence map is a . 2 µK blue signal
at intermediate latitude with a thermal dust imprint, and this is
due to the changes in bandpass modelling at the high-frequency
channels.
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Fig. 5. Di↵erences between 2015 and 2018 CMB I maps at 800 reso-
lution. From top to bottom, rows show results for Commander, NILC,
SEVEM, and SMICA.

both in intensity (left column) and polarization (middle and right
columns). Note that SMICA has been in-painted within a Galac-
tic mask (see Appendix D), while the other three maps are not.
All maps are smoothed to a common resolution of 800 FWHM
for visualization purposes.

At least at first sight, the consistency among the various
pipeline maps appears to be reasonable outside the central Galac-
tic plane, and, as expected, more so in temperature than in polar-
ization.

In the polarization maps, however, we can identify several
notable artifacts already at this stage, that prospective future
users of these maps need to be aware of. The visually most strik-
ing features are of course residual foreground contamination in
the Galactic plane. In particular, the alternating sign along the
plane is a classic signature of temperature-to-polarization leak-
age, and the Planck data set is particularly sensitive to residual
CO emission in this respect. These features are extremely dif-
ficult to suppress to the level of the CMB fluctuations at the
processing level, and must in practice be removed by standard
Galactic masking.

The second most striking feature in the polarization maps is
a blue stripe in the upper right quadrant of the Stokes U map.
This stripe corresponds to a few bad scanning rings that ideally
should have been removed by flagging during map making. Un-
fortunately, this issue was not caught at a su�ciently early stage
of the processing, and therefore remains in the final map. We
therefore mask this stripe in the same way that we mask Galac-
tic residuals.

Third, and somewhat less obvious, we observe broad large-
scale structures in both Stokes Q and U aligned with the Planck

scanning strategy. These structures are e↵ectively due to gain
modelling uncertainties coupled to monopole and dipole leak-
age, and corresponding features are present in the associated
simulations. In principle, these should therefore not necessar-
ily need to be removed prior to subsequent analyses, as long as
the appropriate simulations are used to quantify all relevant un-
certainties. In practice, however, we do note that these modes
are associated with significant additional systematic uncertain-
ties. We therefore caution against over-interpretation of the very
largest scales in these maps. In particular, we warn against em-
ploying these maps for auto-correlation type analysis, unless the
statistic of choice is explicitly shown to be robust against this
type of systematic e↵ect based on end-to-end simulations.

In Fig. 5 we show temperature di↵erence maps between
each of the 2018 pipeline maps and the corresponding 2015
pipeline maps. Corresponding polarization di↵erence maps are
not shown, since the high level of large-scale systematics in
the 2015 maps renders a direct di↵erence map comparison non-
informative. In Fig. 5, we recognize many of the features seen in
the raw input frequency di↵erence maps shown in Fig. 1 and 2,
and discussed in Sect. 3.

Starting with Commander, the most striking di↵erence is a
dark blue Galactic plane residual with a clear CO-like morphol-
ogy. This reflects the fact that it is more di�cult for the paramet-
ric Commander pipeline to estimate CO emission from co-added
frequency maps (as in the 2018 processing) than with individ-
ual bolometer maps (as in the 2015 processing). For this reason,
the Commander map adopts a larger Galactic mask in the new
release than in the previous, specifically targeting CO emission;
see Appendix A for further details. The second most notable fea-
ture in the Commander di↵erence map is a . 2 µK blue signal
at intermediate latitude with a thermal dust imprint, and this is
due to the changes in bandpass modelling at the high-frequency
channels.
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Simulations

• We use  the 300 end-to-end noise simulations to calibrate estimators 
and compute error bars.

• The end-to-end simulations have a power deficit when compared to 
half-difference maps; this does not bias bispectrum (and cross-
trispectrum) results but could affect error bars.

• The end-to-end simulations show non-Gaussianity at ! = 2, 3. So 
decided to start analyses at ! = 4.

Ben Wandelt, COSPAR 2018, July 2018



E polarization news

1. The non-Gaussianity constraints from E-polarization alone are in 
the same ballpark as or tighter than the final published WMAP 
constraints

2. They represent an independent view of the primordial curvature 
perturbations

Ben Wandelt, COSPAR 2018, July 2018

Planck E-polarization 
only WMAP
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−151 < $%&/012' < 494
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95%
constraints
SMICA

preliminary



The E polarization bispectrum

Ben Wandelt, COSPAR 2018, July 2018

The EEE 
bispectrum has a 
less than 2"
excess in fNL local

preliminary



Local type EEE is consistent with 
TTT bispectrum at same l-range

Ben Wandelt, COSPAR 2018, July 2018

At lmax=500, TTT and EEE bispectra show a ~2" excess
reminiscent of fNL local excess seen in WMAP

EEE has most S/N up to 
l~500

TTT excess when
limited to same
maximum l

preliminary



The E polarization bispectrum

Ben Wandelt, COSPAR 2018, July 2018

The EEE 
bispectrum has a 
2" deficit 
in fNL orthogonal

preliminary



The E polarization bispectrum

Ben Wandelt, COSPAR 2018, July 2018

At lmax=500, TTT and EEE bispectra show a ~2" deficit
in fNL orthogonal

preliminary



Equilateral E polarization 
bispectrum slightly mask 
dependent

Ben Wandelt, COSPAR 2018, July 2018 preliminary



T+E estimator is more stable

Ben Wandelt, COSPAR 2018, July 2018 preliminary



T+E still more powerful than E 
alone (except for orthogonal)

Ben Wandelt, COSPAR 2018, July 2018



New bispectrum constraints using 
legacy data

Planck Collaboration: Planck 2013 Results. XXIV. Constraints on primordial NG

Fig. 4. Note these are Nominal Mission results only ...
Comparison between the bispectrum reconstruction in the three
alternative basis representations plotted in the signal-dominated
regime with `lmax < 1500. Upper plot is nmax = 301 hybrid
Fourier basis ??, middle is nmax = 601 hybrid polynomial and
the lower is the nmax = 501 sinlog basis. Ten evenly spaced
contours have been plotted ranging from negative (blue) to posi-
tive (red). Although the reconstructions have independent bases
with di↵erent resolutions, the bispectrum signal exhibits qualita-
tively similar features, including the apparent banding or oscil-
lations varying in the quantity ˜̀ = (`1 + `2 + `3)/2. Note that the
sin-log basis has variable resolution which is higher for ˜̀ small.

Table 9. Results for the fNL parameters of the primordial lo-
cal, equilateral, and orthogonal shapes, determined by the KSW
estimator from the SMICA foreground-cleaned map. Both inde-
pendent single-shape results and results with the ISW-lensing
bias subtracted are reported; error bars are 68% CL . The final
reported results of the paper are shown in bold face.

fNL(KSW)

Shape and method Independent ISW-lensing subtracted

SMICA (T)
Local . . . . . . . . . 9.5 ± 5.6 1.8 ± 5.6
Equilateral . . . . . �10 ± 69 �9.2 ± 69
Orthogonal . . . . . �43 ± 33 �20 ± 33
SMICA (T+E)

Local . . . . . . . . . 6.5 ± 5.1 0.71 ± 5.1
Equilateral . . . . . �8.9 ± 44 �9.5 ± 44
Orthogonal . . . . . �35 ± 22 �25 ± 22

8. Other non-Gaussianity Shapes for fNL

This section will present limits on fNL for other shapes:

8.1. Isocurvature non-Gaussianity

We now show the results obtained for a study of the isocurvature
NG in the Planck 2014 Smica map using the binned bispectrum
estimator. As explained in Sec. 2.4, we only investigate isocurva-
ture NG of the local type, and in addition always consider only
one isocurvature mode (either cold dark matter, neutrino den-
sity, or neutrino velocity isocurvature) in addition to the adia-
batic mode. In that case there are 6 di↵erent fNL parameters: a
purely adiabatic one (a,aa, which correponds to the result from
Sec. 6), a purely isocurvature one (i,ii), and four mixed ones (see
Sec. 2.4 for an explanation of the notation).

The results are given in Table 10.7 Looking at these results
we see no clear signs of any isocurvature NG. There are a few
values that deviate from zero by up to about 2.5�, but such a
small deviation, in particular when it is not present in both T
and T+E, cannot be considered a detection. We do see that many
constraints are tightened considerably when including polariza-
tion, by up to the predicted factor of about six for the cold dark
matter a,ii, i,ai, and i,ii modes in the joint analysis.

8.2. Feature models

An interesting class of scale-dependent bispectra is given by lin-
ear oscillations of the shape given in Eq. (11) known as the fea-
ture model. In [Planck 2013 NG] we performed an initial search
for such models by means of the modal expansion. This search
was limited to kc > 0.01 by the native resolution of our im-
plementation of the modal estimator (using 600 modes). With
the improved resolution of the modal estimator (now using 2000
modes) we are able to achieve convergence over a broader range
up to kc = 0.02. We perform a frequency scan of 500 sampling

7 Compared to definitions in the literature based on ⇣ and S (see
e.g. Langlois & van Tent (2012)), here we adopt definitions based on
�adi = 3⇣/5 and �iso = S/5, in order to make the link with the stan-
dard adiabatic result more direct. Conversion factors to obtain results
based on ⇣ and S are 6/5, 2/5, 2/15, 18/5, 6/5, and 2/5, for the six modes
respectively.
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New bispectrum constraints using 
legacy data including polarization 

Planck Collaboration: Planck 2013 Results. XXIV. Constraints on primordial NG

Fig. 4. Note these are Nominal Mission results only ...
Comparison between the bispectrum reconstruction in the three
alternative basis representations plotted in the signal-dominated
regime with `lmax < 1500. Upper plot is nmax = 301 hybrid
Fourier basis ??, middle is nmax = 601 hybrid polynomial and
the lower is the nmax = 501 sinlog basis. Ten evenly spaced
contours have been plotted ranging from negative (blue) to posi-
tive (red). Although the reconstructions have independent bases
with di↵erent resolutions, the bispectrum signal exhibits qualita-
tively similar features, including the apparent banding or oscil-
lations varying in the quantity ˜̀ = (`1 + `2 + `3)/2. Note that the
sin-log basis has variable resolution which is higher for ˜̀ small.

Table 9. Results for the fNL parameters of the primordial lo-
cal, equilateral, and orthogonal shapes, determined by the KSW
estimator from the SMICA foreground-cleaned map. Both inde-
pendent single-shape results and results with the ISW-lensing
bias subtracted are reported; error bars are 68% CL . The final
reported results of the paper are shown in bold face.

fNL(KSW)

Shape and method Independent ISW-lensing subtracted

SMICA (T)
Local . . . . . . . . . 9.5 ± 5.6 1.8 ± 5.6
Equilateral . . . . . �10 ± 69 �9.2 ± 69
Orthogonal . . . . . �43 ± 33 �20 ± 33
SMICA (T+E)

Local . . . . . . . . . 6.5 ± 5.1 0.71 ± 5.1
Equilateral . . . . . �8.9 ± 44 �9.5 ± 44
Orthogonal . . . . . �35 ± 22 �25 ± 22

8. Other non-Gaussianity Shapes for fNL

This section will present limits on fNL for other shapes:

8.1. Isocurvature non-Gaussianity

We now show the results obtained for a study of the isocurvature
NG in the Planck 2014 Smica map using the binned bispectrum
estimator. As explained in Sec. 2.4, we only investigate isocurva-
ture NG of the local type, and in addition always consider only
one isocurvature mode (either cold dark matter, neutrino den-
sity, or neutrino velocity isocurvature) in addition to the adia-
batic mode. In that case there are 6 di↵erent fNL parameters: a
purely adiabatic one (a,aa, which correponds to the result from
Sec. 6), a purely isocurvature one (i,ii), and four mixed ones (see
Sec. 2.4 for an explanation of the notation).

The results are given in Table 10.7 Looking at these results
we see no clear signs of any isocurvature NG. There are a few
values that deviate from zero by up to about 2.5�, but such a
small deviation, in particular when it is not present in both T
and T+E, cannot be considered a detection. We do see that many
constraints are tightened considerably when including polariza-
tion, by up to the predicted factor of about six for the cold dark
matter a,ii, i,ai, and i,ii modes in the joint analysis.

8.2. Feature models

An interesting class of scale-dependent bispectra is given by lin-
ear oscillations of the shape given in Eq. (11) known as the fea-
ture model. In [Planck 2013 NG] we performed an initial search
for such models by means of the modal expansion. This search
was limited to kc > 0.01 by the native resolution of our im-
plementation of the modal estimator (using 600 modes). With
the improved resolution of the modal estimator (now using 2000
modes) we are able to achieve convergence over a broader range
up to kc = 0.02. We perform a frequency scan of 500 sampling

7 Compared to definitions in the literature based on ⇣ and S (see
e.g. Langlois & van Tent (2012)), here we adopt definitions based on
�adi = 3⇣/5 and �iso = S/5, in order to make the link with the stan-
dard adiabatic result more direct. Conversion factors to obtain results
based on ⇣ and S are 6/5, 2/5, 2/15, 18/5, 6/5, and 2/5, for the six modes
respectively.

16

preliminary

lmin=4



New bispectrum constraints using 
full mission data including 
polarization 

Planck Collaboration: Planck 2013 Results. XXIV. Constraints on primordial NG

Fig. 4. Note these are Nominal Mission results only ...
Comparison between the bispectrum reconstruction in the three
alternative basis representations plotted in the signal-dominated
regime with `lmax < 1500. Upper plot is nmax = 301 hybrid
Fourier basis ??, middle is nmax = 601 hybrid polynomial and
the lower is the nmax = 501 sinlog basis. Ten evenly spaced
contours have been plotted ranging from negative (blue) to posi-
tive (red). Although the reconstructions have independent bases
with di↵erent resolutions, the bispectrum signal exhibits qualita-
tively similar features, including the apparent banding or oscil-
lations varying in the quantity ˜̀ = (`1 + `2 + `3)/2. Note that the
sin-log basis has variable resolution which is higher for ˜̀ small.

Table 9. Results for the fNL parameters of the primordial lo-
cal, equilateral, and orthogonal shapes, determined by the KSW
estimator from the SMICA foreground-cleaned map. Both inde-
pendent single-shape results and results with the ISW-lensing
bias subtracted are reported; error bars are 68% CL . The final
reported results of the paper are shown in bold face.

fNL(KSW)

Shape and method Independent ISW-lensing subtracted

SMICA (T)
Local . . . . . . . . . 9.5 ± 5.6 1.8 ± 5.6
Equilateral . . . . . �10 ± 69 �9.2 ± 69
Orthogonal . . . . . �43 ± 33 �20 ± 33
SMICA (T+E)

Local . . . . . . . . . 6.5 ± 5.1 0.71 ± 5.1
Equilateral . . . . . �8.9 ± 44 �9.5 ± 44
Orthogonal . . . . . �35 ± 22 �25 ± 22

8. Other non-Gaussianity Shapes for fNL

This section will present limits on fNL for other shapes:

8.1. Isocurvature non-Gaussianity

We now show the results obtained for a study of the isocurvature
NG in the Planck 2014 Smica map using the binned bispectrum
estimator. As explained in Sec. 2.4, we only investigate isocurva-
ture NG of the local type, and in addition always consider only
one isocurvature mode (either cold dark matter, neutrino den-
sity, or neutrino velocity isocurvature) in addition to the adia-
batic mode. In that case there are 6 di↵erent fNL parameters: a
purely adiabatic one (a,aa, which correponds to the result from
Sec. 6), a purely isocurvature one (i,ii), and four mixed ones (see
Sec. 2.4 for an explanation of the notation).

The results are given in Table 10.7 Looking at these results
we see no clear signs of any isocurvature NG. There are a few
values that deviate from zero by up to about 2.5�, but such a
small deviation, in particular when it is not present in both T
and T+E, cannot be considered a detection. We do see that many
constraints are tightened considerably when including polariza-
tion, by up to the predicted factor of about six for the cold dark
matter a,ii, i,ai, and i,ii modes in the joint analysis.

8.2. Feature models

An interesting class of scale-dependent bispectra is given by lin-
ear oscillations of the shape given in Eq. (11) known as the fea-
ture model. In [Planck 2013 NG] we performed an initial search
for such models by means of the modal expansion. This search
was limited to kc > 0.01 by the native resolution of our im-
plementation of the modal estimator (using 600 modes). With
the improved resolution of the modal estimator (now using 2000
modes) we are able to achieve convergence over a broader range
up to kc = 0.02. We perform a frequency scan of 500 sampling

7 Compared to definitions in the literature based on ⇣ and S (see
e.g. Langlois & van Tent (2012)), here we adopt definitions based on
�adi = 3⇣/5 and �iso = S/5, in order to make the link with the stan-
dard adiabatic result more direct. Conversion factors to obtain results
based on ⇣ and S are 6/5, 2/5, 2/15, 18/5, 6/5, and 2/5, for the six modes
respectively.
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New bispectrum constraints using 
full mission data including 
polarization 

Planck Collaboration: Planck 2013 Results. XXIV. Constraints on primordial NG

Fig. 4. Note these are Nominal Mission results only ...
Comparison between the bispectrum reconstruction in the three
alternative basis representations plotted in the signal-dominated
regime with `lmax < 1500. Upper plot is nmax = 301 hybrid
Fourier basis ??, middle is nmax = 601 hybrid polynomial and
the lower is the nmax = 501 sinlog basis. Ten evenly spaced
contours have been plotted ranging from negative (blue) to posi-
tive (red). Although the reconstructions have independent bases
with di↵erent resolutions, the bispectrum signal exhibits qualita-
tively similar features, including the apparent banding or oscil-
lations varying in the quantity ˜̀ = (`1 + `2 + `3)/2. Note that the
sin-log basis has variable resolution which is higher for ˜̀ small.

Table 9. Results for the fNL parameters of the primordial lo-
cal, equilateral, and orthogonal shapes, determined by the KSW
estimator from the SMICA foreground-cleaned map. Both inde-
pendent single-shape results and results with the ISW-lensing
bias subtracted are reported; error bars are 68% CL . The final
reported results of the paper are shown in bold face.

fNL(KSW)

Shape and method Independent ISW-lensing subtracted

SMICA (T)
Local . . . . . . . . . 9.5 ± 5.6 1.8 ± 5.6
Equilateral . . . . . �10 ± 69 �9.2 ± 69
Orthogonal . . . . . �43 ± 33 �20 ± 33
SMICA (T+E)

Local . . . . . . . . . 6.5 ± 5.1 0.71 ± 5.1
Equilateral . . . . . �8.9 ± 44 �9.5 ± 44
Orthogonal . . . . . �35 ± 22 �25 ± 22

8. Other non-Gaussianity Shapes for fNL

This section will present limits on fNL for other shapes:

8.1. Isocurvature non-Gaussianity

We now show the results obtained for a study of the isocurvature
NG in the Planck 2014 Smica map using the binned bispectrum
estimator. As explained in Sec. 2.4, we only investigate isocurva-
ture NG of the local type, and in addition always consider only
one isocurvature mode (either cold dark matter, neutrino den-
sity, or neutrino velocity isocurvature) in addition to the adia-
batic mode. In that case there are 6 di↵erent fNL parameters: a
purely adiabatic one (a,aa, which correponds to the result from
Sec. 6), a purely isocurvature one (i,ii), and four mixed ones (see
Sec. 2.4 for an explanation of the notation).

The results are given in Table 10.7 Looking at these results
we see no clear signs of any isocurvature NG. There are a few
values that deviate from zero by up to about 2.5�, but such a
small deviation, in particular when it is not present in both T
and T+E, cannot be considered a detection. We do see that many
constraints are tightened considerably when including polariza-
tion, by up to the predicted factor of about six for the cold dark
matter a,ii, i,ai, and i,ii modes in the joint analysis.

8.2. Feature models

An interesting class of scale-dependent bispectra is given by lin-
ear oscillations of the shape given in Eq. (11) known as the fea-
ture model. In [Planck 2013 NG] we performed an initial search
for such models by means of the modal expansion. This search
was limited to kc > 0.01 by the native resolution of our im-
plementation of the modal estimator (using 600 modes). With
the improved resolution of the modal estimator (now using 2000
modes) we are able to achieve convergence over a broader range
up to kc = 0.02. We perform a frequency scan of 500 sampling

7 Compared to definitions in the literature based on ⇣ and S (see
e.g. Langlois & van Tent (2012)), here we adopt definitions based on
�adi = 3⇣/5 and �iso = S/5, in order to make the link with the stan-
dard adiabatic result more direct. Conversion factors to obtain results
based on ⇣ and S are 6/5, 2/5, 2/15, 18/5, 6/5, and 2/5, for the six modes
respectively.
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ISW bispectrum detection robust 
to SZ-removal

Ben Wandelt, COSPAR 2018, July 2018

SMICA (T+E) SMICA-noSZ (T+E)

!"#$%&'()*+,*- = 0.81 ± 0.27 !"#$%&'()*+,*- = 0.90 ± 0.28

• The erasure of structure caused by dark 
energy (late-time inflation) creates a non-
Gaussian signal in the CMB

• This effect manifests as the ISW-Lensing 
bispectrum, detected at 78 in Planck

• This is (also) robust to SZ-removal

preliminary
Binned estimator



Trispectra

Ben Wandelt, COSPAR 2018, July 2018

Trispectrum Value
!"##$% −5.3 ± 9.3 ×10/

!"#1̇
2 (−2.1 ± 2.0)×106

!"#
(71)2 −6.0 ± 5.0 ×106

The temperature maps have a 
trispectrum consistent with zero, 
no major change compared to 2015.
Polarization analysis continues. 

preliminary



Conclusions

1. Temperature error bars comparable to 2015. Temperature 
trispectrum remains consistent with zero.

2. Find small (~1/3 !) shifts compared to 2015, most noticeable in 
Commander T map, most affected by different processing of the data

3. Equilateral EEE only bispectrum somewhat sensitive to mask; T+P 
becomes stable at fsky=0.66.

4. >2! deficit of orthogonal EEE-only bispectrum, but combined T + P 
constraints broadly consistent with 2015.

5. SMICA no-SZ gives consistent results, and leaves the 3! ISW-
bispectrum detection intact.

6. First polarization-only bispectrum results with similar 
constraining power as WMAP.

Ben Wandelt, COSPAR 2018, July 2018 preliminary
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Different estimator pipelines are 
consistent
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Planck Collaboration: Planck 2015 Results. Constraints on primordial NG

Table 1. Results for the fNL parameters of the primordial local, equilateral, and orthogonal shapes, determined by the KSW, binned
and modal estimators from the SMICA, NILC, SEVEM, and Commander foreground-cleaned maps. Results have been determined using
an independent single-shape analysis and are reported both without and with subtraction of the ISW-lensing bias; error bars are 68 %
CL.

fNL

Independent ISW-lensing subtracted
Shape KSW Binned Modal1 Modal2 KSW Binned Modal1 Modal2

SMICA T

Local . . . . . 5.9 ± 5.5 6.8 ± 5.6 6.3 ± 5.8 -1.6 ± 5.5 -0.12 ± 5.6 -0.63 ± 5.8
Equilateral . 13 ± 66 27 ± 69 28 ± 64 14 ± 66 26 ± 69 24 ± 64
Orthogonal . -37 ± 36 -37 ± 39 -29 ± 39 -15 ± 36 -11 ± 39 -3.9 ± 39
SMICA E

Local . . . . . 48 ± 28 49 ± 26 44 ± 25 47 ± 28 48 ± 26 44 ± 25
Equilateral . 170 ± 160 170 ± 140 190 ± 160 170 ± 160 170 ± 140 200 ± 160
Orthogonal . -210 ± 86 -180 ± 83 -210 ± 85 -210 ± 86 -180 ± 83 -220 ± 85
SMICA T+E

Local . . . . . 4.1 ± 5.1 2.2 ± 5.0 4.6 ± 4.7 -0.83 ± 5.1 -2.5 ± 5.0 -0.06 ± 4.7
Equilateral . -17 ± 47 -16 ± 48 -6.0 ± 48 -18 ± 47 -19 ± 48 -8.5 ± 48
Orthogonal . -46 ± 23 -45 ± 24 -37 ± 24 -37 ± 23 -34 ± 24 -28 ± 24

SEVEM T

Local . . . . . 5.0 ± 5.6 6.8 ± 5.7 6.2 ± 6.0 -2.2 ± 5.6 0.01 ± 5.7 -1.6 ± 6.0
Equilateral . 16 ± 66 45 ± 70 39 ± 64 17 ± 66 43 ± 70 33 ± 64
Orthogonal . 1.7 ± 37 -17 ± 39 -4.7 ± 40 24 ± 37 8.5 ± 39 25 ± 40
SEVEM E

Local . . . . . 38 ± 29 56 ± 29 55 ± 22 38 ± 29 55 ± 29 37 ± 22
Equilateral . 180 ± 170 230 ± 160 250 ± 160 180 ± 170 230 ± 160 260 ± 160
Orthogonal . -180 ± 88 -140 ± 88 -160 ± 87 -180 ± 88 -140 ± 88 -170 ± 87
SEVEM T+E

Local . . . . . 3.3 ± 5.1 3.6 ± 5.2 7.8 ± 4.7 -1.7 ± 5.1 -1.2 ± 5.2 1.8 ± 4.7
Equilateral . -8.1 ± 47 1.8 ± 48 4.8 ± 51 -9.1 ± 47 -1.4 ± 48 3.6 ± 51
Orthogonal . -24 ± 23 -28 ± 24 -19 ± 24 -15 ± 23 -18 ± 24 -5.9 ± 24

Commander T

Local . . . . . 4.9 ± 5.6 5.6 ± 5.6 4.5 ± 5.9 -2.4 ± 5.6 -1.3 ± 5.6 -3.0 ± 5.9
Equilateral . 14 ± 66 33 ± 69 33 ± 62 15 ± 66 32 ± 69 25 ± 62
Orthogonal . 2.6 ± 37 3.3 ± 39 14 ± 40 25 ± 37 29 ± 39 42 ± 40
Commander E

Local . . . . . 31 ± 29 43 ± 27 31 ± 21 31 ± 29 42 ± 27 27 ± 21
Equilateral . 170 ± 170 170 ± 150 190 ± 160 170 ± 170 170 ± 150 180 ± 160
Orthogonal . -180 ± 88 -160 ± 85 -180 ± 85 -180 ± 88 -160 ± 85 -190 ± 85
Commander T+E

Local . . . . . 3.0 ± 5.1 2.3 ± 5.1 3.4 ± 4.6 -2.1 ± 5.1 -2.5 ± 5.1 -1.4 ± 4.6
Equilateral . -9.4 ± 47 -6.2 ± 48 4.7 ± 50 -10 ± 47 -9.3 ± 48 1.9 ± 50
Orthogonal . -23 ± 23 -23 ± 24 -14 ± 24 -13 ± 23 -12 ± 24 -2.5 ± 24

NILC T

Local . . . . . 6.8 ± 5.7 6.8 ± 5.6 6.2 ± 5.9 -0.44 ± 5.7 -0.03 ± 5.6 -1.7 ± 5.9
Equilateral . -11 ± 66 6.3 ± 69 12 ± 61 -9.8 ± 66 5.2 ± 69 6.3 ± 61
Orthogonal . -23 ± 36 -21 ± 39 -12 ± 40 -0.60 ± 36 3.9 ± 39 17 ± 40
NILC E

Local . . . . . 9.5 ± 30 22 ± 28 20 ± 22 9.0 ± 30 21 ± 28 15 ± 22
Equilateral . 39 ± 160 60 ± 150 65 ± 150 39 ± 160 59 ± 150 66 ± 150
Orthogonal . -130 ± 88 -120 ± 85 -150 ± 83 -130 ± 88 -120 ± 85 -160 ± 83
NILC T+E

Local . . . . . 3.9 ± 5.1 2.1 ± 5.1 3.9 ± 4.7 -1.1 ± 5.1 -2.7 ± 5.1 -1.5 ± 4.7
Equilateral . -30 ± 46 -29 ± 47 -22 ± 49 -31 ± 46 -32 ± 47 -24 ± 49
Orthogonal . -33 ± 23 -31 ± 23 -26 ± 24 -24 ± 23 -21 ± 23 -14 ± 24
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