Modal bispectrum estimation with
Planck data

Michele Liguori
Department of Physics and Astronomy, University of Padova

On behalf of the Planck collaboration



N . oo NPT
@ 3D bispectrum © i

plaan-r—- E oy rommwrs mwowss -

I
—

max

€1

m,

Bmzzs = E

@ AT BrFTT EEwW T LWL YT ENE W EHi TTF if A =B I mJ/UERSEL ELE THSE W E Al I EmwLEET™s T

Lo N mamary B, <y, b
a, a, a," ) s Byy. =0 09000,
m, m,

M. Liguori "Modal bispectrum estimation with Planck data"



4" ° ° ° °
@ Bispectrum definition

1 pLancic\_9%®

plaan-w—— c g — -8= ¥ 2

€1

25
m,  nm, my

B€1€2£3 = E

ar . AT ENTTrT EmwT LWL YT ENE W EHE. TN LFf A =B I A /B SEmA ELE THEEE W E Al I BEmwiLEET™s T

3 > ; BEIEZKS - h£1£2€3b€1£2€3

M. Liguori "Modal bispectrum estimation with Planck data"



4" ° ° ° °
@ Bispectrum definition

1 pLancic\_9%®

planck- Y S5 JsSsaa A S _ I N A W N WIS BN I I IS JTES ST E I F T EaE W E L S 1 AW 4 _ .,

squeezed

€1

25
m,  nm, my

B%zs = E

ar . AT ENTTrT EmwT LWL YT ENE W EHE. TN LFf A =B I A /B SEmA ELE THEEE W E Al I BEmwiLEET™s T

3 > ; BEIEZKS - h£1£2€3b€1£2€3

M. Liguori "Modal bispectrum estimation with Planck data" 4



Z . c ey O _
G Bispectrum definition .,

plB“Ck-M = r w r —&I I sEwimrT= -

squeezed equilateral

B%zs = E

@ AT EFTT EmwWT WL YT ENEN W ENEE. "W LE A= H N /JFEA AL E I F T EaE W = AT I BEWwWL BN TN =

3 > ; BEIZZKS - h£1£2€3b€1£2€3

M. Liguori "Modal bispectrum estimation with Planck data" 5



Z . c ey O _
G Bispectrum definition .,

plB“Ck-M = r w r —&I I sEwimrT= -

squeezed equilateral

gl

: B h,, , b
ml m2 m3 3 > ’ €1€2£3 N /€1£2€3 €1[2f3

B%zs = E

@ AT EFTT EmwWT WL YT ENEN W ENEE. "W LE A= H N /JFEA AL E I F T EaE W = AT I BEWwWL BN TN =

M. Liguori "Modal bispectrum estimation with Planck data" 6



lanck= =—-=cs =

hu & ba 5 an s

Shapes

ENE WEE LE & == H B /JES Sari u 1 E

f::i PLANCK

L S epE 1 AW & _ 1

Local

2000+

Equilateral

2000+

1500

1000

500

1000

1500

2000 O

2000
1500

1500

1000

500

500

1000

ISW-I. |

500

1500 5909 O

1000

2000
1500

1200

1600

2000 ©

2000
1600

M. Liguori

LY ENwE wi

ENE "W LE A = Il /JFER aFi U i E

"Modal bispectrum estimation with Planck data"

AT I BEWL BN TS




b Optlmal fNL blspectrum estlmator
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Leaving aside complications coming from breaking of statistical isotropy
(sky-cut, noise...), one can see that we are extracting the three point
Function from the data and fitting theoretical bispectrum templates to it
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A brute force implementation scales like Zmax . Unfeasible at Planck
(or WMAP) resolution.

: : : 3 : .
Can achieve massive speed improvement (£ .. scaling) if the reduced
bispectrum is separable (komatsu, Spergel, Wandelt 2003)
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s Modal expansion
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We expand theoretical shapes as a series of separable bispectrum templates
(“modes”), forming a complete orthonormal basis in bispectrum space, with the
scalar product:
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Define modes with R n(€1,€2,€3) and expand:
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Truncate when the expanded shape is highly correlated to the
initial one (r > 0.95)

(Fergusson, ML, Shellard, 2009,2010)
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For a given dataset, extract best-fit b, i=1,...,n

* The basis elements pictured on the right are by construction
factorizable

* Apply position space cubic statistics, “KSW”, to each separable

template on the right to estimate the amplitudes 3,

 Orthonormal basis = f3; uncorrelated (in first approx.)
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L Planck modal expansion
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We work at | .. = 2000 and consider two sets of modes throughout the analysis

* Plane wave templates, n__ =300 (faster, slightly less accurate)

max

* Polynomial modes, n__. =600 (slower, slightly more accurate)

max

Both sets are augmented with a local Sachs Wolfe template (B~CC+perm.) to
improve convergence in the squeezed limit

Local Equil. Ortho. ISW-lens
Waves 95% 99% 97% 70%
Polys 99% 99% 99% 90%
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o) Validation on simulations O (i
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* Different pipelines (KSW, binned, modal) and expansions (waves,polys)
have highly correlated but not identical weights.

 Expected scatter on average (Gaussian, full sky, homogenous noise):

1-7°

Osp =Ar,

r

 We perform a large amount of tests on G and NG simulations
(loc.+ equil.+ortho.)

 We start from full sky noiseless maps, and include several features in
various steps: corr. noise, sky cut, NG, lensing, foreground residuals.

e We check:

v" unbiasedness,
v' optimality,
v' agreement on a map-by-map basis.
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s Comparison between pipelines
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o) Modes from Planck data
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WMAP vs. Planck
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< Consistency checks
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We perform several additional tests of robustness of the results:

v’ SMICA, dependenceon|__
v SMICA, dependence on sky coverage (*)

v f, from raw single-frequency channels (70,100,143,217 Ghz) (*)
v Jackknife analysis (*)

v’ Study of FFP6 lensed simulations including foreground residuals
from SMICA and NILC (*)

(*) = modal pipeline was used for this test

See B. Van Tent’s talk
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=) Non-standard” shapes
planck=—— - e — . -
* All we need from the data are the mode amplitudes 5. We can then estimate
fu for all the shapes that we can accurately expand in our basis.

* We compute a and f, for a large number of models, including

Equilateral family (DBI, EFT, ghost)

Flattened shapes (non-Bunch Davies)

Feature models (oscillatory bispectra, scale-dependent)
Vector models

Quasi-single-field

DN NI N NI N

* Results are validated (besides previous tests in the local, equil, ortho direction)
using waves and polynomial expansions, changing Imax and mask, and using
SMICA, NILC and SEVEM foreground cleaned data.

* No evidence for NG found, constraints on parameters from the models above

See P. Shellard’s talk
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* Modal method: expand the bispectrum in a complete orthonormal set of separable
basis templates (“modes”). It allows: fy, estimation in full generality and
model independent (smoothed) bispectrum resconstruction

* The modal estimator was one of three optimal bispectrum pipelines used to
measure f, in Planck data (the other two being the “KSW” and binned
method).

e The main steps of the analysis were summarized:

v’ Cross validation of the pipelines on simulations

v' Measurement of the mode spectrum

v" fNL estimation: loc., equil., ortho., isw-lens, using
(KSW,binned,modes) x (SMICA,NILC,SEVEM,C-R)

v’ Bispectrum reconstruction

v Consistency checks on data

* The modal pipeline provided also constraints on a large number of primordial
shapes, beyond the standard local, equilateral, orthogonal analysis.
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