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Bispectrum and the filamentary structure
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https://areasciencepark-rit.gitlab.io/lade/matteo.biagetti/project/eos/

Bispectrum analyses

Constraint on cosmological params: Constraint on primordial non-Gaussianity:
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[Philcox&Ivanov21, D’Amico+19] also recently: interacting DE [Tsedrik+22], w/ bootstrap

also one-loop bispectrum: [Philcox+22, D’ Amico+22b| [Amendola+23], w/SBI [Tucci+23], nonlinear galaxy 3
also including bispectrum multipoles: [D’Amico+22b, Ivanov+23] bispectrum [Hahn+23], ...



The bispectrum estimator

The Scoccimarro estimator [Scoccimarro15]
FFT-based
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Measurement vs. theory: the finite-volume etfects

3
1. binning effects A 11 [ / d3q@-] 6p(Qi23)
X ks

N ... but, the estimator is
2.window function J(x) = W (x)d(x) biased on large scale
3. LOS choice SL(q) — /d?’az S(X)EL(q x)e X



The binning effects
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The window function
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on real surveys ...
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2. window function* §(x) = W (x)d(x)

o — d3p1 d3p2 . — S
::> B(k17k2):/(2ﬂ')3/(27‘() BW(k p17k2_p2)B(p17p2)

*window-free estimator [Philcox20, Philcox21, Ivanov+23] [Baumgart, Fry 1991]
see also Tri-poSH based bispectrum estimator [Sugiyama+18]
see also [Alkhanishvili+23] for NN-based approach 7



Survey window effects in the bispectrum

K. Pardede, F. Rizzo, M. Biagetti, E. Castorina, E. Sefusatti and P. Monaco, JCAP 10 (2022) 066 [2203.04174]

“Mixing matrix via (2D) FFTLog
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Real-space spherical window tests
e Pinocchio mocks [Monaco+02] 3
e Total volume =~ 3500 [Gpc/h]? = @;
e Monopole-monopole computation B
takes ~ 2 seconds &
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The wide-angle effects
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*see also [Milad Noorikuhani & Scoccimarro 2022]




The wide-angle effects in the bispectrum

K. Pardede, E. Di Dio, E. Castorina, JCAP 09 (2023) 030, [2302.12789]
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Monopole correction ~ small local {,

L

K. Pardede, E. Di Dio, E. Castorina, JCAP 09 (2023) 030, [2302.12789]

Monopole correction scales as k*

Can mimic a local PNG signal
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Conclusions & Outlook

e Finite-volume effects affect the bispectrum on large-scales

e We gave a formulation for bispectrum-window convolution and
bispectrum beyond plane-parallel approximation

e Next: application on real data, + GR effects, signal in bispectrum

dipole, squeezed bispectrum, ...

THANK YOU!
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Extras
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Dark matter halo catalogs

1. 298 Minerva (N-body) Grieb+16
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2.

+ numerical covariance

10000 Pinocchio (3LPT) Monaco+02

e approx. based on Lagrangian perturbation theory

e relatively fast and acc

urate
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provide a robust
estimate of
the covariance
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Window effects in the equilateral bispectrum
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window convolution will mix modes
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Note: this is a huge volume =~ 3500 [Gpc/h)®

... main effect is on the large scale
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Recovering bias parameters

K. Pardede, F. Rizzo, M. Biagetti, E. Castorina, E. Sefusatti and P. Monaco, JCAP 10 (2022) 066 [2203.04174]

Analysis on Minerva data
[Grieb+16]

~ s times volume in [Nishimichi+20]

~ 6 times z € [1.5, 1.8]
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Wide-angle effects in the bispectrum

K. Pardede, E. Di Dio, E. Castorina, JCAP 09 (2023) 030, [2302.12789]
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e The “mixing-matrix” and the (n > 0) “bispectrum” has a high dimensionality (#£'s ~10) @ a Y; @
e Evaluating the (n > 0) “bispectrum” terms takes ~10 minutes
X3
e The “multiplication” can be done analytically in the case of no window
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