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Outline

““" The statistical framework

«" The 2M++ compilation
(presentation, clusters, velocity fields, applications)

«" SDSS3 BOSS
(more modeling challenges, density field)

« Conclusion



From theory to observations... = 5 o

Model Observations

» Perfect

® Complete description

» Full knowledge of physics
® Did | say perfect ?

Great but messy
We do not understand the physics
Systematics not fully known

Good attempt by observers to
seemingly make our life easier
end up bad

NS

Various hacking to make sense of data
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From theory to observations... = 5 o

Model Observations

» Perfect

® Complete description

» Full knowledge of physics
® Did | say perfect ?

Great but messy
We do not understand the physics
Systematics not fully known

Good attempt by observers to
seemingly make our life easier
end up bad

BORG3

Still far too perfect though... (see later)

Another perspective to automatically solve
this problem: see Tom Charnock’s talk




The BORG3 inference framework = - =

A

m(0) o< exp » Observations

1 : Forward description
—= > 0w/ Py P
< 2 k

Initial conditions Adjoint gradient
N
Encode survey systematic effects S(&) = So(z) H (14 afFf(2))
with expansions: f=1

Jasche et al. (2010), Jasche & Wandelt (2013), Lavaux & Jasche (2016), Jasche & Lavaux (2017, 2018)



BORG-PM Performance aspect:~ =« =

— Forward PM
— Adjoint PM
- Strong scaling

100 |

|\

| Hyperthreading
>

Time
(seconds)

10

70 700
Number of cores

BORG-(2)LPT is ~20 times faster
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Lavaux & Hudson (MNRAS, 2011)



Inferred density fields

Equatorial ¥ (h~! Mpc)

Ensemble average density fields at z=0
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Jasche & Lavaux (2018, in prep.)



Performance aspect (2): burnin«- = .

—logiL ey )10?

-18 A

500

1000

1500 2000
5 (MCMC step)

500

Jasche & Lavaux (2018, in prep.)



P(k) (h~3 Mpc?)

P(k)/Prer k)

1{}4 ]

1{}3 ]

1{}2 ]

0

N R T

588 1176 1764 2352

Prior powerspectrum

_l}

10°

Post PM simulation

T e Ty e e LT R i BT | 0.8
Joaa - wh Ml
300 h»._‘ o -'“"f"\:.'h‘ o #li- ' -':,—'-“. -.'l.:‘-l_._‘ .‘“'_-:.
AR e ""J' ; Rl i X 7Y
200 fie fij?' A P b 0.6
100 Ff il e e s e _
G R T ar “woti Stpbal 0.4w
T Rl S, e
0- ;-f - f_I‘ i W .-f'" ...:i- 1 TL e g
‘:_1-1. o - 1 ity 'Ir E‘
- L o - T, Ly
froa ‘F:.'_ | ﬂ:i_'.,.‘ g ‘.{ Skl - '02_0
_100_.1 ‘*"r" '-;, 1 LT, 1
. ' Radt to e
_200__;*;"-5*" A0 Tt oS SLI S N 0.0
,_i,. < d' "i_ﬂlrif"L' .1}' ‘ ‘A "-‘.I‘ ,‘ '-‘1;' g
TV ! - T e
_ 300 f ey A L S S\ R
5 o e A ] T | o P B
] Ih-ﬁ - L

-300

—-200 —100

0

100 200

300

Jasche & Lavaux (2018, in prep.)



Virgo cluster i

v[10*(Mpch~1)3]
0.00 0.03 0.09 0.21 0.42 0.72 1.15

6x 1072

Virgo center

+ Karachentsev et al. 2014
* McLaughlin 1993

8
I Mpc/h]

-« WP
~30 Mpc/h

Jasche & Lavaux; Lavaux & Jasche; Peirani, Lavaux & Jasche (2018, in prep.)



M(r)[1015 h-1 1)

0.05 0.42
1 |

v[104(Mpch~1)3]
1.41
1

3.35
|

6.54 11.31
|

107 1

1071 +

Coma center

Geller et al 1999
Kubo et al 2007
Hughes 1989

® The & White 1986
Colless 2006
+ Gavazzi et al. 2009
A Falcoetal 2014
5 lID l|5 2|D 2|5 30
A Mpc/h]

Jasche & Lavaux; Lavaux & Jasche; Peirani, Lavaux & Jasche (2018, in prep.)



Coma dynamical properties
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Jasche & Lavaux; Lavaux & Jasche; Peirani, Lavaux & Jasche (2018, in prep.)



Shapley concentration

v[10%(Mpch~1)3]
0.42 3.35 11.31 26.81 52.36 90.48 143.68
Il Il
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£
©
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)
= 0 - -
10% 7 Sheth & Diaferio 2011
® Munoz & Loeb 2008
* Proust et al 2006
Reisenegger et al 2000
Ragone et al 2006
A Lavaux & Hudson 2011
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10 20 30 40 50 60 70

~60 Mpc/h

Lavaux & Jasche (2018, in prep.)



Shapley concentration

M(r) 1018 =1 p1y)

102 5

v[10%(Mpch~1)3]
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Lavaux & Jasche (2018, in prep.)



Inferred velocity fields
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Jasche & Lavaux (2018, in prep.)



Mean error on Hubble measurement using tracers from observed large scale structures

AH/H( < R)

0.20
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0.10 1
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—0.15 -

—— fractional Hubble error
—— Riess et al, 2016
— Planck et al. 2015

Hubble error bound
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100

Jasche & Lavaux (2018, in prep.)



Application to Sloan Digital Sky Survey IlI:
Deep cosmological application

-



SDSS3 data

Panstarrs

SDSS DR12 galaxy sample

~1.6 millions of galaxies




Forward model becomes more complex:

Cosmic growth of structures Cosmic expansion
Implemented so far for (2)LPT: Non-linear density remapping: £ — 3
T(qt) =q+¥(qt) = g+ D(t)¥(q) 5(Z) = f(|Z], cosmology) x &

f(lx|,...) ~ Hx 4+ o(x)

(see Doogesh’ talk)




Forward model becomes more complex:

Cosmic growth of structures Cosmic expansion

(see Doogesh’ talk)
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Forward model becomes more complex:

Cosmic expansion
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Cosmic

(see Doogesh'’ talk)




psfWidth

Star densities




Example fitted composite...

11 foregrounds (here only 8)... still much less than Leistedt & Peiris (2014) but improving

-
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Star




Inferred density of SDSS3
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NGC

Ensemble density average Error estimate from ensemble variance
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Sky density




Conclusion




The Aquila consortium

* Founded in 2016

* Gather people interested in working with each other on developing the Bayesian pipelines
and run analysis on data.

https://aquila-consortium.org/
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Qur mission: Data science meets the Universe

The Aquila consortium is an international collaboration of researchers interested in developing and applying cutting-edge statistical inference technigues to study
the spatial distribution of matter in our Universe. We embrace the latest innovations in information theory and artificial intelligence to optimally extract physical
information from data and use derived results to facilitate new discoveries.

Some results

Resimulating the Local Universe

This picture shows the result of a high resolution
N-body simulation which has been specifically designed to look like the Local
Universe. More precisely it depicts what is the sky of an observer which would be
located at the center of our galaxy and lock at the entire sky. We use for that a
Mollweide projection, which is ancther way of representing the surface of a full

2T

SORBONMNE e
UNIVERSITE i, ﬂ



Conclusion: great future

‘ 2M++ I ‘ SDSS I ‘ CosmicFlows I ‘ LSST? I
‘ BORG3+ I

‘ Predictive cosmology I ‘ Cosmological measurement I

Velocity field (also VIRBIUS with F. Fuhrer)
X-ray cluster emission

Kinetic Sunyaev Zel'dovich

Rees-Sciama

Dark matter ?

Cosmic expansion (see Doogesh’s talk)
Power spectrum (and governing parameters)
Gaussianity tests of initial conditions
Direct probe of dynamics



Conclusion: great future and challenges:

‘ 2M++ I ‘ SDSS I ‘ CosmicFlows I ‘ LSST? I
A v

‘ BORG3+ I

Galaxy formation: bias and likelihood

Instrument modeling
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