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Why CosmicFlows 2




Redshift (V,, / ¢)
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The Hubble law

Betoule et al 2014
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Growth rate of structures

a=1/4 a=1/2

LCDM

CDM

0623 — <52>8 Mpc/h

Huterer et al., 2013



The observed redshift




The observed redshift

OF Hy

(1+2) = (125) (1+E(d)
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What is CosmicFlows-3 ¢




The observed redshift




Distance indicators




Distance indicators

Cepheids | L ~T | 0, ~0.1

z ~ (0.005

Tully-Fisher Relation| L ~ V*

o, ~ 0.4

z ~ 0.1

Fundamental Plane|L ~ R, 0

o, ~ 0.9

z ~ 0.1

ISNela

L ~ constant | o, ~ 0.14




CosmicFlows-3 on the sky
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Radial peculiar velocity measurement : an exemple
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Radial peculiar velocity measurement : an exemple
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Forward modeling

. ; Parameters

Data
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Forward modeling

Q Intermediate

. ; Parameters

Data




Forward modeling

Bayes theorem

pisa) = PP

Q Intermediate

. ; Parameters

Data




Non-linearities

Q Intermediate

. ; Parameters

Data
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Q Intermediate

Peculiar velocities from distances

. ; Parameters

Data
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cz ~ v

Hyd




Peculiar velocities from distances

Q Intermediate
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Hoffman-Ribak algorithm : WF/CR

Power spectrum, Hubble constant and non-linearities are fixed
Galaxy distances are supposedly known
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Bayesian analysis of CF3
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*Voids only in the center

* Distant structures larger

e Global inflow
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Peculiar velocities from distances

* Position bias
* Error bias

* Density bias
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Position bias

 Position bias
* Error bias

* Density bias

1600 -

1400 -

1200 A

1000 -

800 A

Number

600 -

400 -

200 A

" Real distance moduli

31 32 33 34

35
Distance modulus

36

37

38

1000

- 750

- 500

- 250

- —250

- —500

- —750

Mean radial peculair velocity




# 31

Position bias

 Position bias
* Error bias

* Density bias
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Position bias

 Position bias
* Error bias

* Density bias
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* Position bias cz ~ U + H()d

* Error bias

O'fU'r‘OCd

* Density bias
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* Position bias CZ ”UT + H()d

* Error bias

O-fv'r O(d

* Density bias

We underestimate the errors on the underestimated distances,
Creating a global outflow

Y




* Position bias
* Error bias P(d|...) x P(d)

* Density bias
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* Position bias
* Error bias P(d|...) x|P(d)

* Density bias

Volume effects + depends on the over density field
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i Parameters

Data
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A tully bayesian model

. ; Parameters

« a la » Lavaux (2016)

Data o .
. Graziani et al., submitted
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CosmicFlows-3
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Graziani et al., submitted
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SGY (Mpc/h7s)
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Extension to the Tully-Fisher

relation
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Limitations
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Tully-Fisher relation within the model
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Tully-Fisher relation within the model
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Block sampling
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Exemple : inverse Tully-Fisher relation

Also sample : P(M|m,W,, ZP, s, oint, C)
Gibbs sampling adapted from Kelly (2006)
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Exemple : inverse Tully-Fisher relation

SGY (Mpc)
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Also sample : P(M|m,W,, ZP, s, oint, C)
Gibbs sampling adapted from Kelly (2006)

MCMC step : 1

Preliminary : 1000 galaxies, 100 calibrators
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Application on the SFI++ sample
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Application on the SFI++ sample
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Conclusions
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Conclusion
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Bayesian modeling of peculiar velocity

* Models the possible biases instead of correcting them a priori
* Maximizes the information extracted from the data

e |s modular




Modularity and possible extensions

Instrumental
effects

Galaxy
number counts
prior

Selection effects

*
L3
''''
.......
----------

Other indicators




A cosmological probe for a LCDM in tension

Expansion

Planck, 2018
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The present model will be able to provide
a direct, local and independent measurement of the cosmological parameters
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Thank you
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Number of MC steps
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SGY (Mpc/hys)

300

200

100

_100 :'o -
—200 1

-3004

—200
SGX (Mpc/hys)

0

0
SGX (Mpc/hys)




W WY RO MG |
- At LYY\ VWY Ty

0 200 400 600 300 1000
MC step



# 67

TE ARECIBO Spitzer 6dF

Other TF
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SGY (Mpc/hs)
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Normalized autocorrelation
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Mock and cosmology
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Mock and cosmology
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Mock and cosmology
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Selection effects

P (Slp,7) P ()

Ps (p|r) = P (S[)

P (Slp,r) P (pufr) P(r)
P(S|r)P(p)




Non-linearity
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Likelihoods
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