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The Bispectrum

Bispectrum:

Multipole:

Covariance:



Primordial Non-Gaussianities (PNG)

Local/squeezed Equilateral Folded

• Amplitude 𝑓𝑁𝐿 and shape F

• Study / constrain 𝑓𝑁𝐿



KSW Estimator

B: Bispectrum
C: Covariance
Δ: Geometric Factor
𝑇𝑙
𝑋: Transfer Function

Φ: Primordial Potential
X: Polarisation



The Idea

• Estimator requires transfer function to relate quantity to primordial 
perturbations

• CMB Temperature and E-Mode 

• Transfer functions for density available



Multipole Expansion of Density

Overdensity Field:

Multipole Expansion:

Transfer function:



• 2D CMB map vs 3D density map

• Photometric Large-Scale Structure Surveys catalogues 3D map into 

multiple bins

• Estimator scales approximately (for weak correlation between bins):

𝜎2 𝑓𝑁𝐿 ∝ 1/𝑁𝐵𝑖𝑛

Advantages of (Angular) Density Map



Our Setup

• Redshift range: 0.2 > z  > 2 (avoid shot noise at large redshift)

• Number of bins: 26 (LSST-like) (32 with z<3)

• Noise free

• Only linear regime

• No skycut

• Large angular systematics



Lost Information on Largest Scales

• Large losses for    

local shape

• 10% just from dipole

• Small losses for 

equilateral shape



Velocity Maps

• Kinetic Sunyaev Zel’dovich Effect (kSZ) can reconstruct velocity map on 
largest scales

• Up to ℓ=20-30 signal of future surveys is forecasted to have high signal-to-
noise ratio

• Low number of multipoles limits constraining power

• Access to largest scales can restore information for density

Deutsch et al., 1707.08129



Restored Information by Velocity

• Velocity + density 
independent of ℓ𝑚𝑖𝑛

• Information restored 
for local and 
orthogonal shape

• Equilateral only at 
large ℓ𝑚𝑖𝑛



Non-Gaussanities in Density Map 

* “semi“ - ideal experiment

* No Skycut   (σ ∼
1

𝑓𝑠𝑘𝑦
)    

* Noise-free measurement
* Neglect other effects producing NGs

• Expected level of NG of different shapes in density map 
due cosmic variance

• How much NG is expected in our realization of the 
Universe assuming f_nl=0



Future Work

• How do we get the density map

• Contaminations in the map 

• Include systematics and errors

• Consider skycuts

• Include reconstruction noise for velocity reconstruction



Conclusion

• Density map thanks to 3D nature reduces cosmic variance on PNG

• Low-ℓ velocity modes via kSZ tomography provide valuable Large-Scale 

Information

• Non-Gaussian effects from non-primordial contributions have to be 

considered

• Full forecast for an upcoming experiment required (skycut, bias, shot noise, 

and other systematics, …)


