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Prelude

The halo bispectrum and non-Gaussian initial conditions 2915

Figure 5. Reduced χ2 for the matter–matter–halo bispectrum fits. The thin lines correspond to the same quantity obtained assuming a tree-level approximation
for matter correlators.

(iv) Equilateral configurations. k1 = k2 = k3 = k with k varying
from "k = 0.012 to 0.02 h Mpc−1.

These configurations are chosen to given a fair assessment of the
effects of non-Gaussianity on the halo bispectrum which, as we will
see, is not limited to squeezed configurations.

Figs 6, 7, 8 and 9 show, respectively, the four different subsets
of triangles described above for the matter–matter–halo bispectrum
Bδδh(k1, k2; k3). Note that the third variable k3 corresponds to the
halo density contrast δh(k3).

As for the power spectrum plots, for each set of con-
figurations we show the Gaussian component Bδδh,G and the
model residuals (upper two rows), the non-Gaussian correc-
tion "Bδδh,NG and the corresponding residuals (third and fourth
rows), the non-Gaussian-to-Gaussian ratio Bδδh,NG/Bδδh,G (fifth
row) and the O(f 2

NL) component determined from the average of

[Bδδh,NG(f NL = +100) + Bδδh,NG(f NL = −100)] − Bδδh,G(f NL = 0)
measured in each realization (last row). The left-hand and right-
hand columns show results for the low- and high-mass haloes,
respectively.

For the Gaussian piece of the cross-bispectrum, the model is given
in terms of two components, the first and second terms on the right-
hand side of equation (43), shown in the plots as a dashed and dotted
curve, respectively. These terms are simply labelled by b10 and b20,
since the latter are the bias parameters controlling their amplitude.
We implicitly assign to b10 and b20 the values corresponding to
Gaussian initial conditions, that is, b10,G and b20,G. For the low-
mass haloes, b20,G is negative as is the corresponding contribution
to the bispectrum. For this reason, we show its absolute value in the
log–log plots of squeezed and equilateral configurations. When a
given contribution is negative, we denote it in the plot legend by a
negative sign in front of the related symbol. In the plots of the model
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Over the years, comparing bispectrum models and predictions,  
I got used to     of this sort:



Why is that?

Many reasons 

• no covariance … 

• … or a poorly estimated covariance? 

• … or a wrong covariance? 

• non-Gaussian likelihood? 

• binning effects? 

• surprises? 

…. 

• wrong model?



For fun with the bispectrum 
wait for the talks of Naonori, 

Alex & Paco …!
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The model

Standard, tree-level model

Bh(k1, k2, k3) = b31Bm(k1, k2, k3)
<latexit sha1_base64="qjajDyK7VPYjh7iDjMbC0zNeuEY=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0WpICVpBd0IpW5cVrAPaGOYTCftkMkkzEyEEvoHbvwVNy4UcevWnX/jtM3Cth64cDjnXu69x4sZlcqyfozcyura+kZ+s7C1vbO7Z+4ftGSUCEyaOGKR6HhIEkY5aSqqGOnEgqDQY6TtBTcTv/1IhKQRv1ejmDghGnDqU4yUllzztO4OS4FrnwduRVf17Npz7Ydq3Q3nVNcsWmVrCrhM7IwUQYaGa373+hFOQsIVZkjKrm3FykmRUBQzMi70EklihAM0IF1NOQqJdNLpP2N4opU+9COhiys4Vf9OpCiUchR6ujNEaigXvYn4n9dNlH/lpJTHiSIczxb5CYMqgpNwYJ8KghUbaYKwoPpWiIdIIKx0hAUdgr348jJpVcp2tVy5uyjW6lkceXAEjkEJ2OAS1MAtaIAmwOAJvIA38G48G6/Gh/E5a80Z2cwhmIPx9Qudy5k8</latexit>

+b21b2 [P (k1)P (k2) + perm.]
<latexit sha1_base64="glwQBXVY1Y9ejsKwWTa8HSnc2EA="></latexit>

+2b21�2
⇥
(cos2 µ12 � 1)P (k1)P (k2) + perm.

⇤
<latexit sha1_base64="CDnMjYsn59vcFh7He/LROc5wYmo="></latexit>

+
1

(2⇡)3n̄
(1 + ↵1) [P (k1) + P (k2) + P (k3)]

<latexit sha1_base64="DEqEWTn2knKN4pYRmacOmG4xHZs="></latexit>

+
1

(2⇡)6n̄2
(1 + ↵2)

<latexit sha1_base64="WXWde7WojmyfJbmsZ16Ycqn4KZk=">AAACEXicbVDLSsNAFJ34rPUVdekmWISWQkmiqMuiG5cV7AOattxMJ+3QySTMTIQS8gtu/BU3LhRx686df+P0sdDWAxcO59zLvff4MaNS2fa3sbK6tr6xmdvKb+/s7u2bB4cNGSUCkzqOWCRaPkjCKCd1RRUjrVgQCH1Gmv7oZuI3H4iQNOL3ahyTTggDTgOKQWmpZxbLXiAAp06WFl0vpqXuheeDSHnWdbOiU/aAxUPouaWeWbAr9hTWMnHmpIDmqPXML68f4SQkXGEGUrYdO1adFISimJEs7yWSxIBHMCBtTTmERHbS6UeZdaqVvhVEQhdX1lT9PZFCKOU49HVnCGooF72J+J/XTlRw1UkpjxNFOJ4tChJmqciaxGP1qSBYsbEmgAXVt1p4CDohpUPM6xCcxZeXScOtOGcV9+68UL2ex5FDx+gEFZGDLlEV3aIaqiOMHtEzekVvxpPxYrwbH7PWFWM+c4T+wPj8ASyCm/Y=</latexit>

5 parameters:       ,     ,       plus       and 

We assume the cosmology 

We have:

b1
<latexit sha1_base64="zMxXej3m4tex8a4aC+4HmGB//Rk=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU9lUse2t6MVjRfsB7VKyabYNzWaXJCuUpT/BiwdFvPqLvPlvzLYVVPTBwOO9GWbm+bHg2rjuh5NbWV1b38hvFra2d3b3ivsHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k6vM79wzpXkk78w0Zl5IRpIHnBJjpVt/gAfFklt2XRdjjDKCqxeuJfV6rYJrCGeWRQmWaA6K7/1hRJOQSUMF0bqH3dh4KVGGU8FmhX6iWUzohIxYz1JJQqa9dH7qDJ1YZYiCSNmSBs3V7xMpCbWehr7tDIkZ699eJv7l9RIT1LyUyzgxTNLFoiARyEQo+xsNuWLUiKklhCpub0V0TBShxqZTsCF8fYr+J+1KGZ+VKzfnpcblMo48HMExnAKGKjTgGprQAgojeIAneHaE8+i8OK+L1pyznDmEH3DePgE4cI3E</latexit>

b2
<latexit sha1_base64="4ycOqfwWOM4w3xtIEGe6zsfWBNU=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU9msYttb0YvHivYD2qVk02wbms0uSVYopT/BiwdFvPqLvPlvzLYVVPTBwOO9GWbmBYng2rjuh5NbWV1b38hvFra2d3b3ivsHLR2nirImjUWsOgHRTHDJmoYbwTqJYiQKBGsH46vMb98zpXks78wkYX5EhpKHnBJjpdug7/WLJbfsui7GGGUEVy5cS2q1qoerCGeWRQmWaPSL771BTNOISUMF0bqL3cT4U6IMp4LNCr1Us4TQMRmyrqWSREz70/mpM3RilQEKY2VLGjRXv09MSaT1JApsZ0TMSP/2MvEvr5uasOpPuUxSwyRdLApTgUyMsr/RgCtGjZhYQqji9lZER0QRamw6BRvC16fof9Lyyvis7N2cl+qXyzjycATHcAoYKlCHa2hAEygM4QGe4NkRzqPz4rwuWnPOcuYQfsB5+wQ59I3F</latexit>

�2
<latexit sha1_base64="BdFkjFvvE9naJ73GC4b67WYSoA0=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4Kskott0V3bisYB/QDiWTZtrQJDMmGaGU/oQbF4q49Xfc+Tdm2goqeuDC4Zx7ufeeMBHcWIQ+vNzK6tr6Rn6zsLW9s7tX3D9omTjVlDVpLGLdCYlhgivWtNwK1kk0IzIUrB2OrzK/fc+04bG6tZOEBZIMFY84JdZJnd6QSEn6fr9YQmWEEMYYZgRXLpAjtVrVx1WIM8uhBJZo9IvvvUFMU8mUpYIY08UoscGUaMupYLNCLzUsIXRMhqzrqCKSmWA6v3cGT5wygFGsXSkL5+r3iSmRxkxk6DolsSPz28vEv7xuaqNqMOUqSS1TdLEoSgW0McyehwOuGbVi4gihmrtbIR0RTah1ERVcCF+fwv9Jyy/js7J/c16qXy7jyIMjcAxOAQYVUAfXoAGagAIBHsATePbuvEfvxXtdtOa85cwh+AHv7RMADI/0</latexit>

↵2
<latexit sha1_base64="4WafiQ/ehVWDwScS/hISHMqIc9U=">AAAB73icdVDLSsNAFL2pr1pfVZduBovgKiRpaOuu6MZlBfuANpTJdNIOnTycmQgl9CfcuFDErb/jzr9x0lZQ0QMXDufcy733+AlnUlnWh1FYW9/Y3Cpul3Z29/YPyodHHRmngtA2iXksej6WlLOIthVTnPYSQXHoc9r1p1e5372nQrI4ulWzhHohHkcsYAQrLfUGmCcTPHSG5YplXjRqjltDlmlZdduxc+LU3aqLbK3kqMAKrWH5fTCKSRrSSBGOpezbVqK8DAvFCKfz0iCVNMFkise0r2mEQyq9bHHvHJ1pZYSCWOiKFFqo3ycyHEo5C33dGWI1kb+9XPzL66cqaHgZi5JU0YgsFwUpRypG+fNoxAQlis80wUQwfSsiEywwUTqikg7h61P0P+k4pl01nRu30rxcxVGEEziFc7ChDk24hha0gQCHB3iCZ+POeDRejNdla8FYzRzDDxhvnxfBkAM=</latexit>

↵1
<latexit sha1_base64="FTltOg1DTUeOlcDRq8mp9hGNxp8=">AAAB73icdVDLSsNAFJ3UV62vqks3g0VwFZI0tHVXdOOygn1AG8rNdNIOnTycmQgl9CfcuFDErb/jzr9x0lZQ0QMXDufcy733+AlnUlnWh1FYW9/Y3Cpul3Z29/YPyodHHRmngtA2iXksej5IyllE24opTnuJoBD6nHb96VXud++pkCyObtUsoV4I44gFjIDSUm8APJnA0B6WK5Z50ag5bg1bpmXVbcfOiVN3qy62tZKjglZoDcvvg1FM0pBGinCQsm9bifIyEIoRTuelQSppAmQKY9rXNIKQSi9b3DvHZ1oZ4SAWuiKFF+r3iQxCKWehrztDUBP528vFv7x+qoKGl7EoSRWNyHJRkHKsYpw/j0dMUKL4TBMggulbMZmAAKJ0RCUdwten+H/ScUy7ajo3bqV5uYqjiE7QKTpHNqqjJrpGLdRGBHH0gJ7Qs3FnPBovxuuytWCsZo7RDxhvnxY9kAI=</latexit>

• very fast chains 
• exact binning of theoretical predictions



Simulations and halo catalogs

Minerva simulations: 

300 realisations
L = 1500h�1Mpc, Npart = 10003

<latexit sha1_base64="7NA1SfMLBPgoYTrdtsXOIZk/WcA="></latexit>

Grieb et al. (2016)

Halo catalogs: 

FoF halos of mass                                  at 
with density 
and linear bias

M � 1.12⇥ 1013 h�1M�
<latexit sha1_base64="lotdIbI8MKzYiqQj3NjL+sceb5o=">AAACD3icbVC7SgNBFJ2NrxhfUUubwaBYaNhJBC2DNjaBCOYB2STMTibJkNmdZeauEJb8gY2/YmOhiK2tnX/j5FFo9MCFwzn3cu89fiSFAdf9clJLyyura+n1zMbm1vZOdnevZlSsGa8yJZVu+NRwKUJeBQGSNyLNaeBLXveH1xO/fs+1ESq8g1HEWwHth6InGAUrdbLHZa/PMcmTggci4AYTt52Q4tg7HbSTMzIudzzVVdDJ5ty8OwX+S8ic5NAclU720+sqFgc8BCapMU3iRtBKqAbBJB9nvNjwiLIh7fOmpSG1u1vJ9J8xPrJKF/eUthUCnqo/JxIaGDMKfNsZUBiYRW8i/uc1Y+hdthIRRjHwkM0W9WKJQeFJOLgrNGcgR5ZQpoW9FbMB1ZSBjTBjQyCLL/8ltUKeFPOF2/Nc6WoeRxodoEN0ggi6QCV0gyqoihh6QE/oBb06j86z8+a8z1pTznxmH/2C8/ENvcianQ==</latexit>

n ' 2⇥ 10�4 h3Mpc�3
<latexit sha1_base64="tBXLhTQ5kc5eziOzcUDctzZUwXs=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0VwUUvSFnRZdONGqGAf0KRlMp20QyeTODMRSshPuPFX3LhQxK3gzr9x2mahrQeGOZxzL/fe40WMSmVZ30ZuZXVtfSO/Wdja3tndM/cPWjKMBSZNHLJQdDwkCaOcNBVVjHQiQVDgMdL2xldTv/1AhKQhv1OTiLgBGnLqU4yUlvpmiTuSBuQeVhylfwltq5ec1VKnNOol1TRxRABvIpxqsZr2zaJVtmaAy8TOSBFkaPTNL2cQ4jggXGGGpOzaVqTcBAlFMSNpwYkliRAeoyHpasqR3sBNZlel8EQrA+iHQj+u4Ez93ZGgQMpJ4OnKAKmRXPSm4n9eN1b+hZtQHsWKcDwf5McMqhBOI4IDKghWbKIJwoLqXSEeIYGw0kEWdAj24snLpFUp29Vy5bZWrF9mceTBETgGp8AG56AOrkEDNAEGj+AZvII348l4Md6Nj3lpzsh6DsEfGJ8/0e2d+g==</latexit>

z = 1
<latexit sha1_base64="+rk22OWGtn7MUxU/3YhiRZt1+4c=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexGQS9C0IvHiOYByRJmJ51kyOzsMjMrxCWf4MWDIl79Im/+jZNkD5pY0FBUddPdFcSCa+O6305uZXVtfSO/Wdja3tndK+4fNHSUKIZ1FolItQKqUXCJdcONwFaskIaBwGYwupn6zUdUmkfywYxj9EM6kLzPGTVWun+68rrFklt2ZyDLxMtICTLUusWvTi9iSYjSMEG1bntubPyUKsOZwEmhk2iMKRvRAbYtlTRE7aezUyfkxCo90o+ULWnITP09kdJQ63EY2M6QmqFe9Kbif147Mf1LP+UyTgxKNl/UTwQxEZn+TXpcITNibAllittbCRtSRZmx6RRsCN7iy8ukUSl7Z+XK3Xmpep3FkYcjOIZT8OACqnALNagDgwE8wyu8OcJ5cd6dj3lrzslmDuEPnM8f3FGNhA==</latexit>

b1 ' 2.8
<latexit sha1_base64="ho1nNb7DnfxN9vljlO/mENankfU=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4WnarYI9FLx4r2A9ol5JNs21okt0m2UJZ+ju8eFDEqz/Gm//GtN2Dtj4YeLw3w8y8MOFMG8/7djY2t7Z3dgt7xf2Dw6Pj0slpU8epIrRBYh6rdog15UzShmGG03aiKBYhp61wdD/3WxOqNIvlk5kmNBB4IFnECDZWCsKe39VM0DGquNVeqey53gJonfg5KUOOeq/01e3HJBVUGsKx1h3fS0yQYWUY4XRW7KaaJpiM8IB2LJVYUB1ki6Nn6NIqfRTFypY0aKH+nsiw0HoqQtspsBnqVW8u/ud1UhNVg4zJJDVUkuWiKOXIxGieAOozRYnhU0swUczeisgQK0yMzaloQ/BXX14nzYrrX7uVx5ty7S6PowDncAFX4MMt1OAB6tAAAmN4hld4cybOi/PufCxbN5x85gz+wPn8AVDukSU=</latexit>



The measurements

Three linear binning schemes:

k/kf
<latexit sha1_base64="3O1OrylkJWTJloqqF8Dafb6pOhQ=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU02qoMeiF48VTFtoQ9lsN+2S3U3Y3Qgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YcqZNq777ZTW1jc2t8rblZ3dvf2D6uFRWyeZItQnCU9UN8Saciapb5jhtJsqikXIaSeM72Z+54kqzRL5aCYpDQQeSRYxgo2V/PgiHkSDas2tu3OgVeIVpAYFWoPqV3+YkExQaQjHWvc8NzVBjpVhhNNppZ9pmmIS4xHtWSqxoDrI58dO0ZlVhihKlC1p0Fz9PZFjofVEhLZTYDPWy95M/M/rZSa6CXIm08xQSRaLoowjk6DZ52jIFCWGTyzBRDF7KyJjrDAxNp+KDcFbfnmVtBt177LeeLiqNW+LOMpwAqdwDh5cQxPuoQU+EGDwDK/w5kjnxXl3PhatJaeYOYY/cD5/AH8Gjno=</latexit>

1
<latexit sha1_base64="TtIgPQprnJE4HSS++PuM3etxya8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukXat6F9Va87JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPe+uMuQ==</latexit>

2
<latexit sha1_base64="jk/1fpohXujb3eq/tOFNvjxoFrw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqq15mWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8ffW+Mug==</latexit>

3
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The measurements

Figure 3: Measurements of the halo power spectrum and bispectrum from the N-body simulations for the

three binning schemes (see text for explanation).
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The mocks

10,000 Pinocchio mocks 
with the first 300 matching the N-body ICs 

Lippich et al. (2018) 
Blot et al. (2018) 
Colavincenzo et al. (2018)
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The mocks

10,000 Pinocchio mocks 
with the first 300 matching the N-body ICs 

We choose the mass threshold to  
match the N-body large-scale power 
spectrum (with shot noise) 1

Monaco et al. (2013) 
Colavincenzo et al. (2018)
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k3f
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Ptot(k1)Ptot(k2)Ptot(k3)
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The covariance
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Cijp
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Signal-to-noise

and small-scales triangles. Each row and column correspond to a triangular configuration whose sides are
given in units of the fundamental frequency as a triplet of integers. The smallest-scale triangle in this case
is {24, 24, 24}kf = {0.1, 0.1, 0.1} h Mpc�1. Matrix elements above the diagonal are estimated from the 10,000
mocks, while those below from the 298 simulations are therefore significantly more noisy. Clearly the covariance
estimated from the mocks appears largely diagonal, while the o↵-diagonal elements of the one determined from
the smaller set of simulations is dominated by noise.

The bottom plots reproduce the values of the rows of the matrix rij marked in the density plot above by red
borders. They allow a more direct and quantitative comparison of the 10,000 mocks results (red lines) with the
results from the 298 simulations (blue lines) and the corresponding 298 Pinocchio realisations with matching
initial conditions (green lines). In fact, we can see how the noise in estimate from the 298 mocks with matching
initial conditions reproduces quite closely the noise in the estimate from the simulations. On the other hand,
the estimate from full set of the mocks shows o↵-diagonal values of rij very close to zero, with di↵erences well
below the 5% percent level.

The situation is a bit di↵erent in the large bin case s = 3, shown in figure 7. Here the top panels show
again the four corners of the covariance matrix up to the same maximum wavenumber, with the last triangles
being again {8, 8, 8}�k = {24, 24, 24}kf = {0.1, 0.1, 0.1} h Mpc�1. Now several o↵-diagonal rij elements mark
correlations of the order of 10-20% among di↵erent triangular correlations sharing one or more sides. This can be
expected since such elements receive contributions from the non-Gaussian terms in the bispectrum covariance,
eq. (9). One can also notice how these features are present as well in the covariance estimated from the limited
set of simulations, but the scatter that still characterises it, depsite the smaller number of triangles, is still of
the order of 10-20%.

Clearly, correlation among di↵erent triangles is present for any binning scheme we adopt and in the same,
overall, amount. This can be easily seen, for instance, in terms of the cumulative signal-to-noise ratio defined
as ✓
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where indices i and j in the sum run over all triangular configurations up to the maximum Nt(kmax) determined
for a given value of kmax and where CB
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thereby neglecting correlations among di↵erent configurations. This comparison is straightforward when applied
to the full set of 10,000 mocks since in this case we can expect a su�ciently accurate estimation of the covariance
matrix CB

ij
and of its inverse. This is shown in the left panel of figure 8 with continue and dashed lines

corresponding respectively to eq. (11) and eq. (12).

The comparison between mocks and simulations, both in terms of the variance, figure 5, as in terms of
cross-correlation coe�cients rij , done for the small set of realisations sharing the initial seeds constitute our
main justyfications for using the covariance from the larger set of 10,000 Pinocchio runs. In the following we
will assume that any systematics error in the determination of the bispectrum covariance matrix based on the
approximate halo mocks is negligible, but we will discuss all the points in the analysis where this can instead
be quite relevant.

4 Likelihood analysis

To do:

• Write down priors
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The likelihood

We assume a Gaussian likelihood

but account for a possibly poorly estimated covariance 
in two ways: 

1) Anderson/Hartlap correction to the inverse  

2) Sellentin & Heavens likelihood 
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Fit the mean or fit them all?

to test with R realisations of D measurements y
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Suppose you have a model f



Fit the mean or fit them all?
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mean = R(ȳ � f)TC�1(ȳ � f)
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C ! C/R
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meani = RbTC�1b+D
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Example: 

With D = 5, R = 20 to be within 95%CL we need
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all < 124.34
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but a tighter requirement!

3
to test with R realisations of D measurements y

y = f(✓) + ✏ = ftrue + b+ ✏
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Suppose you have a model f



Results: the parameters
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Figure 12: Results of the likelihood analysis for the 3 parameters model at the three di↵erent binnings.
The top panel shows the reduced chi-squared average over the posterior as a function of kmax; the middle
panel shows the ppp as a function of kmax; the bottom panels show the average of the parameters over the
posterior with the shaded areas representing the 1� � confidence intervals.
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Model with no  
shot-noise corrections 
(beyond Poisson)



Results: goodness-of-fit
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per degree of freedom, averaged over the posterior�2
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Figure 12: Results of the likelihood analysis for the 3 parameters model at the three di↵erent binnings.
The top panel shows the reduced chi-squared average over the posterior as a function of kmax; the middle
panel shows the ppp as a function of kmax; the bottom panels show the average of the parameters over the
posterior with the shaded areas representing the 1� � confidence intervals.
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Results: goodness-of-fit

per degree of freedom, averaged over the posterior�2
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Figure 12: Results of the likelihood analysis for the 3 parameters model at the three di↵erent binnings.
The top panel shows the reduced chi-squared average over the posterior as a function of kmax; the middle
panel shows the ppp as a function of kmax; the bottom panels show the average of the parameters over the
posterior with the shaded areas representing the 1� � confidence intervals.
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Results (fixed kmax)
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kmax ' 0.06h�1Mpc
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Figure 13: Results of the likelihood analysis for the 3 parameters model at the three di↵erent binnings, at
a reference kmax = 0.063h/Mpc. The top panel shows the contour plots with the degeneracies between the
parameters; the bottom panel show the fit as the di↵erence between measured bispectrum and replicates of
the bispectrum averaged over the posterior, normalized by the standard deviation of the measurements.
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Figure 13: Results of the likelihood analysis for the 3 parameters model at the three di↵erent binnings, at
a reference kmax = 0.063h/Mpc. The top panel shows the contour plots with the degeneracies between the
parameters; the bottom panel show the fit as the di↵erence between measured bispectrum and replicates of
the bispectrum averaged over the posterior, normalized by the standard deviation of the measurements.
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Models with 2, 1 or no 
shot-noise corrections 
(beyond Poisson)



Model comparison

Deviance Information Criterion (DIC) 
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deviance

pD ⌘ 1

2
var[D(✓)]
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Figure 25: Caption
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Figure 22: Comparison of parameter estimation for �k = kf , between e↵ective binning and binned bispec-

trum.
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Figure 24: Comparison of parameter estimation for �k = 3kf , between e↵ective binning and binned

bispectrum.
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but these can be 
much worse!!



Conclusions

A decent      for the bispectrum requires:

0.008 0.025 0.034 0.038 0.042 0.046 0.050 0.054 0.059 0.063
k[h/Mpc]

�3

�2

�1

0

1

2

3

(B
d
a
ta

�
hB

re
p
i p

o
st

)/
�

d
a
ta

2.4

2.5

2.6

2.7

2.8

2.9

b 1

�1

0

1

2

b 2

0.02 0.04 0.06 0.08 0.10
kmax[h/Mpc]

�1.0

�0.8

�0.6

�0.4

� 2

kmax[h/Mpc]

0.95

1.00

1.05

h�̃
2
i p

o
st

19 32 49 71 98 131 170 216 269 330 399 477 564 661 768 886 1015 1156 1309 1475
Number of triangles

0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10
kmax[h/Mpc]

0

1

p
p
p

Binned prediction

E↵ective prediction

0 50 100 150 200 250 300 350 400
Triangle index

0.0

0.5

1.0

1.5

2.0

2.5

b 2

2.5 2.6 2.7 2.8 2.9

b1

�1.0

�0.8

�0.6

�0.4

� 2

0 1 2

b2

�1.0 �0.8 �0.6 �0.4

�2

0.008 0.025 0.034 0.038 0.042 0.046 0.050 0.054 0.059 0.063
k[h/Mpc]

�3

�2

�1

0

1

2

3

(B
d
a
ta

�
hB

re
p
i p

o
st

)/
�

d
a
ta

2.4

2.5

2.6

2.7

2.8

2.9

b 1

�1

0

1

2

b 2

0.02 0.04 0.06 0.08 0.10
kmax[h/Mpc]

�1.0

�0.8

�0.6

�0.4

� 2

kmax[h/Mpc]

0.95

1.00

1.05

h�̃
2
i p

o
st

19 32 49 71 98 131 170 216 269 330 399 477 564 661 768 886 1015 1156 1309 1475
Number of triangles

0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10
kmax[h/Mpc]

0

1

p
p
p

Binned prediction

E↵ective prediction

0 50 100 150 200 250 300 350 400
Triangle index

0.0

0.5

1.0

1.5

2.0

2.5

b 2

2.5 2.6 2.7 2.8 2.9

b1

�1.0

�0.8

�0.6

�0.4

� 2

0 1 2

b2

�1.0 �0.8 �0.6 �0.4

�2

1.Sufficiently small statistical errors on the covariance 
2.Sufficiently small systematic errors on the covariance 
3.The fitting of all realisations (not the mean) 
4.Proper binning of theoretical predictions 

… and lots of patience
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Next steps:  
loop corrections, power spectrum, redshift space, 
neutrinos,      (!!!) … 
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Test 1: matter
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Figure 9: Results of the likelihood pipeline on the matter bispectrum for �k = kf . The panels on the left
show best-fit parameters and 1� confidence ranges as a function of kmax. On the upper right, the reduced
chi-squared averaged over the posterior and the ppp as a function of kmax. On the middle right the contour
plot with the posterior distributions of the parameters with kmax ' 0.06h/Mpc. On the bottom plot, the
di↵erence between bispectrum data and bispectrum replicates averaged over the posterior in units of the
standard deviation of the data for kmax ' 0.06h/Mpc.
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Test 2: fake data
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Figure 11: Results of the likelihood pipeline on tthe halo bispectrum for �k = kf for four di↵erent sets of
fake data, with fiducial bias parameters. The panels on the left show best-fit parameters and 1� confidence
ranges as a function of kmax. On the upper right, the reduced chi-squared averaged over the posterior
and the ppp as a function of kmax. On the middle right the contour plot with the posterior distributions
of the parameters with kmax ' 0.06h/Mpc. On the bottom plot, the di↵erence between bispectrum data
and bispectrum replicates averaged over the posterior in units of the standard deviation of the data for
kmax ' 0.06h/Mpc.
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Test 3: 300 realisations sets
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Figure 10: Results of the likelihood pipeline on the halo bispectrum measured on the mocks for �k = kf
for four di↵erent sets of mocks data, one with the same initial conditions as the N-Body, the others with
di↵erent initial conditions. The panels on the left show best-fit parameters and 1� confidence ranges as a
function of kmax. On the upper right, the reduced chi-squared averaged over the posterior and the ppp as a
function of kmax. On the middle right the contour plot with the posterior distributions of the parameters with
kmax ' 0.06h/Mpc. On the bottom plot, the di↵erence between bispectrum data and bispectrum replicates
averaged over the posterior in units of the standard deviation of the data for kmax ' 0.06h/Mpc.
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