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Goals

study bispectrum as a measure of interactions between short and
long modes

compare the constraints on fNL to the power spectrum analysis

Approach

consistent modeling of
non-Gaussianity
non-linear clustering
biased tracers
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Local non-Gaussianity

ΦnG(x) = ϕ(x) + fNL
�
ϕ2(x)−

�
ϕ2

��

δ(k) = α(k)ϕ(k) + α(k)fNL

�
d3q1

�
d3q2 δ

(D)(k− q)ϕ(q1)ϕ(q2) + . . .
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1 Symbols for the fields

ϕ δg δm Pϕ

2 Bias expansion

The multivariate bias expansion introduced by Giannantonio & Porciani can be expressed by the follwing

vertices. The interaction of two fields on a vertex corresponds to a convolution integral over the ingoing

k-vectors.

b10 b01

b20 b11 b02

3 Non-linear clustering

F1 F2 F3

4 Non-Gaussianity

The non-Gaussianity vertices correspond to an unweighted convolution integral times one factor of α and
the corresponding QNL = {eNL, fNL, . . .}. We introduce the eNL vertex to represent the conversion from φ
to δ.

eNL fNL gNL

5 Tree level matter bispectrum

F2

Pδϕ

Pδϕ

fNL

Pδϕ

Pδϕ
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Non-linear Clustering

δ(n)(k) =
�

d3q1 . . .

�
d3qn δ

(D) (k− q)Fn(q1, . . . ,qn)δ
(1)(q1) . . . δ

(1)(qn)
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Multivariate Biasing1

δg(x) =
�

i,j

bijδ
i (x)ϕj(x)

δg,ij(k) = bij

�
d3q1 . . .

�
d3qi+j δ

(D) (k− q) δ(q1) . . .ϕ(qi+j)
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[Giannantonio & Porciani 2010]
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Galaxy Bispectrum
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For the translation of the above diagrams into mathematical expressions we assign k-vectors to each

of the outer δg. The different ways to do this assignment are accounted for by the cyclic permutations of
(k1, k2, k3). The F2 vertex contributes a F2(k1, k2) and the fNL vertex contributes a α(k1)fNL. There are no
remaining integrals, since there are no loops.

6 Tree level galaxy bispectrum

The tree level galaxy bispectrum has contributions from 15 different diagrams. The b10 captions are used
to visualize all the possible combinations of biases on the legs.

AF2

b10 F2
Pδδ

b10

Pδδ b10
AfNL

b10 fNL
Pδϕ

b10

Pδϕ b10
BF2

b10 F2
Pδδ

b10

Pδϕ b01

BfNL

b10 fNL
Pδϕ

b10

Pϕϕ b01
CF2

b10 F2
Pδϕ

b01

Pδϕ b01
CfNL

b10 fNL
Pϕϕ

b01

Pϕϕ b01

D

b02
Pϕϕ

b01

Pϕϕ b01
E

b02
Pϕϕ

b01

Pδϕ b10
F

b02
Pδϕ

b10

Pδϕ b10

G

b11
Pϕϕ

b01

Pδϕ b01
H

b11
Pϕϕ

b01

Pδδ b10
I

b11
Pδϕ

b10

Pδδ b10

J

b20
Pδϕ

b01

Pδϕ b01
K

b20
Pδϕ

b10

Pδδ b01
L

b20
Pδδ

b10

Pδδ b10

- 2-

Tobias Baldauf Institute for Theoretical Physics University of Zurich

The Galaxy Bispectrum as a Probe of Primordial non-Gaussianity



Introduction Perturbation Theory and Diagramatics The Galaxy Bispectrum Summary

Galaxy Bispectrum - Squeezed Configuration
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Comparison to Simulations2
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2
[Nishimichi et al. 2010]
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Galaxy Bispectrum - Signal-to-Noise
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Summary

Achievements

diagrammatic prescription including effects of
clustering
biasing
non-Gaussianity

corrections to existing Bispectrum calculations at tree level

bispectrum information on nG exceeding power spectrum analysis
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