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Cosmology, dark matter
and
peculiar velocities



Current cosmological paradigm

Dark Energy
Accelerated Expansion

Afterglow Light
Pattern Dark Ages Development of

Galaxies, Planets, etc.

Fluctuations |

about 400 million yrs.

Big Bang Expansion

13.7 billion years



Density fluctuations & cosmology
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Density fluctuations & cosmology
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‘ Related to the dynamics and so to the absolute matter density



Why studying velocities ?

Scale range where
peculiar velocities are interesting
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) But using peculiar velocities proved to be
( op >ocf P(k)k>dk 'npractice technically very difficult.
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“Measuring” peculiar velocities

Total apparent velocity (c 2)

Using the Doppler effect on the
spectra of galaxies
= the red shift z

Line of sight component of
+ Hubble constant peculiar velocities

v.=cz—Hd

\

Distance indicator (d)

 Tully-Fisher

* Tip of the Red Giant Branch
 Surface Brightness Fluctuation
« Fundamental plane

» Cepheids

Very difficult
to observe
in practice !




Outline

0 Cosmology, dark matter and peculiar velocities

0 Methods of reconstruction
m Tests of the methods

IV, The peculiar velocities of our Local Universe

@ Conclusion



An alternative approach...

O

Methods of reconstructions



Distance catalogue
(thousands of galaxies)

Redshift catalog
(millions of galaxies)

Reconstruction
algorithm

Redshift (z) positions
Luminosity = Mass

Distances (d)
Observed distances

Reconstructed
Velocities (v)



Two coordinate systems

Lagrangian coordinates Eulerian coordinates

t = present time



Two coordinate systems

Lagrangian coordinates Eulerian coordinates

t = present time



The algorithms

« Lagrangian reconstructions: Eulerian reconstructions

, (e.g. POTENT Bertschinger&Dekel 1989)
- Least-Action (Peebles 1989)

- MAK (Monge-Ampere-Kantorovitch)
(Brenier et al. 2003, Lavaux et al. 2008a)




The MAK reconstruction

The true galaxy orbits




The MAK reconstruction

The MAK displacements

Comoving coordinates



Hypotheslis displacement field is convex potential < no shell crossing
motivated by Lagrangian perturbation theory, N-body simulation

+ Mass conservation
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Hypotheslis displacement field is convex potential < no shell crossing
motivated by Lagrangian perturbation theory, N-body simulation

+ Mass conservation

2 Brenier et al. 2003
0" b

0X;0X,;

_p(X)
i, J Po

” Monge-Kantorovitch problem: g (X)]ZI p(X) |x—q(x)|2d3 X

Monge-Ampere problem:

4

: . _ 2 . , —
Discretization: S, = Z (xl. —qU(i)) ~ Inertial least-action principle

i
A j Gravity effects are yet included

Zel'dovich approximation: - i Cl,) with B~ Q?nlg

Only dependence on cosmology




Algorithmic

 Direct solving of the minimization problem is
practically impossible (O(N!) time complexity).



Algorithmic

 Direct solving of the minimization problem is
practically impossible (O(N!) time complexity).

« Use a better algorithm developed by Dimitri

Bertsekas (originally to solve economics problem). =
O(N22°) time complexity.

 MPI/OpenMP implementation (publicly available later
on http://www.iap.fr/users/lavaux/)

Lavaux (2008, Physica D, in press)


http://www.iap.fr/users/lavaux/

O

Test of
the Monge-Ampere-Kantorovitch
reconstruction



Simulation

Density field Simulated velocity field
_, (Line of sight component)
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Lavaux et al.. MNRAS. 2008 12832 particles (but results do not change with a 5123)



Direct testing on simulation
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Galaxy distribution “bias” Lagrangian

volume

Zone of

M/L assignment )
'Y Avoidance

Edge & Finite volume
effects

Mass distribution

Incompleteness

W

Cosmic
variance

Observational
biases

Finger-of-god

Redshift distortion Statistical comparison

Measured
distances

Kaiser effect
Reconstructed

distances

Lavaux et al., MNRAS, 383, 1292 (2008)
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Distribution of mass

“Galaxy sampling”
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Visible s

server

5—10°¢

ZOA

Zone of Avoidance
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C ZOA

Visible G

Zone of Avoidance |

Objects

folding into

the cleared ZOA

~ Z0A

»
i

(introduced in Shaya et al. 1995, ApJ)



Edge & Finite volume effects

Portion of the universe
selected by chance

| Cosmic variance |




Edge & Finite volume effects

Volume sampled by C
the catalog 9 - s 9




Lavaux, Physica D, in press (2008) —
Lavaux et al., MNRAS, 383, 1292 (2008)



Redshift distortion

Redshift Phygipal
position position

| Line of sight

Observer
3D Velocity

modification of MA

Nl

Lavaux et al., MNRAS, 383, 1292 (2008)



Redshift distortion

FILAMENT

FILAMENT

NOT CORRECTIBLE
(SMALL SCALE EFFECT)




Redshift distortion

Ideal correlation

Without redshift distortion With redshift distortion
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Ideal correlation |
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The bayesian chain

— P(v|z)

Redshift position ‘hn » MAK N “n » Reconstructed
S~ A T velocities

Model error
P(u|z H P —“ P(Qm’ H)

- ____...-\Hx
..-"f. \

P(u|v) Expected width

Velocities

Measured distances

Measurement error

Lavaux, Physica D, in press (2008)
Lavaux et al., MNRAS, 383, 1292 (2008)



Data points include
typical observational errors
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Data points include
typical observational errors 1000
8% distance

%, -0 &
I I I I | I I I I I I I I I | I I I I

Max of P(£2,,) yields

. 0.30 when width is known 500
e 0.10 if width is unknown

/

r%

=< 0F
O 3
) B
= i
Insufficient ! -5001
Use of correlation function i
may be mandatory -
_ -'I UDD 1 | B [ | [ | [ | | L1
-1000 -500 0 500 1000

Vsim (km/s)
Lavaux et al., MNRAS, 383, 1292 (2008)



Summary of systematics (2,

Tidal effects

No
ystematic

Diffuse mass
err 50%

M/L assignment
err 20-46%

Zone of Avoidance
No systematic

Edge & Finite volume
effects

Mass distribution

W

Incompleteness
err 3-8%

Cosmic
variance

Observational
biases

err ~20%

Finger-of-god
err ?

Xpected few %

Redshift distortion Statistical comparison

Measured
distances

Kaiser effect
o systematic

Reconstructed
distances

depends on the “quality”
Lavaux et al., MNRAS, 383, 1292 (2008) of the prior



Summary of systematics (2,

M/L assignment
err 20-46%

Diffuse mass
err 50%

Incompleteness
err 3-8%

May be tested using different corrections

Lavaux et al., MNRAS, 383, 1292 (2008)

Cosmic
variance

err ~20%

May be checked using
deeper galaxy catalogs




O

The peculiar velocities of
our Local Universe



Catalogues of galaxies

Redshift catalogues Distance catalogues
CfA/ZCAT, SDSS,
2MASS Redshift Survey (K < 11.25),
2dF, 6dFGS, SPACE

Mark 111, NBG-3k, SFI, SFl++,
2MASS TF

=  Map making of the Local Universe



2MASS redshift catalog (Huchra et al. 2005)

« Based upon the 2MASS photometric galaxy catalog
« ~25000 galaxies, selected with K <11.25

* Full sky & Complete down to |b|~5 degree
« Distribution peaks at ~90 Mpc/h (z~0.03)
« ~250 Mpc/h (z~0.08) deep

NBG-3k distance catalog (Tully et al. 2008)

» ~30-40 Mpc deep, outgrowth of NBGC (Tully 1988)
» 1791 galaxies with high quality distances

- Tully-Fisher relation

- Tip of the red giant branch

> Surface brightness fluctuation
> Fundamental plane

Redshift catalog

Distz atalog
pc/h

100 Mpc/h

—What do we see ?



2MASS Redshift survey
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Estimation of M/L

‘ Mass ? I

Clusters of galaxies

M /Lo L*
(Lin et al. 2004)

X-Ray temperature

Virial theorem I
Hl Big galaxies P Orbits of dwarf galaxies.

ﬂlGroups ofdwarveSP Virial theorem I

Basically ok
with redshift

Luminosity ?




3 I I I I I I I I I I I I I I ]
— . —_ ]
H [ ] 5750
oL |
] 4250
) a
= T =3
o | =
o | 3
2750 &
1 -
i 1250
0
10

]‘4200/110C LO.3SiO.02 o M/LOC L0.40
(Lin et al. 2004)

Lavaux et al. (2008, ApJ submitted)




R @Eﬁ?g’* ._:?F m
%‘i BT
%"”‘HM@




Reconstructed velocity field

IIIII

e e O A

e E R N LY

R N A

N\ SRR N

N NS s "N\
"

\ //M;..f./ PN

)
BN
£ o /F

. l...'..lil'l‘!

VAN TN N—— e

\.n\...ll.llll.......

* 1

WA L

AR o a A

o, W e W e

\\\\\\

LalE T B R

-100

(y/odiy) ADS

o
o
N

100

50

-50

SGX (Mpc/h)

Lavaux et al. (2008, Apd submitted)



(uPdiN) ADS

100

50

-50

-100

SGX (Mpc/h)

Lavaux et al. (2008, Apd submitted)









Wm estimation
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Wm estimation
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Local Group velocity: COBE observation

# What is the origine of the CMB dipole ?



Local Group velocity: amplitude
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Local Group velocity: CDM

700

600 -
500 |- I —
“"g‘ 400 I I Shapl yJ_ i
- B -
= n Hercules —
> 300 I I Coma ]
_ : Per-Pls i
200 - I  Norma ]
i : GA E ]
0 | [ | L | | | | |

0 50 100 150

(Mpc/h)

Lavaux et al. (2008, Apd submitted)



700 - 1 T . 1T -1 T T | ]

600

N

500

ik I I ,L

400

Q -
- 5 i
= Hercules .
9 —
> 300 I I Coma ]
Per-Pls i
200  Norma ]
gA ]
100 5 .
0 | [ | L | | | | |

0 50 100 150

(Mpc/h)

Lavaux et al. (2008, Apd submitted)



700 ——

600

400

Via (km/s)

300

500 %\CDM
200 -

100

;Observed; VLG;é:Ir;m

+baryons

Hf

Hercules

Shaiple;J:

b,

[ TN N T TN T T N U T A N O O TN N O M T M A OO O

Lavaux et al. (2008, Apd submitted)

150

No wiggles



700 ———

600

500

400

Via (km/s)

300

200

100

e
CDM+bapyon$;

/

N TN N T T T T N U T T A N O O TN O N A A O O I VOO

Lavaux et al. (2008, Apd submitted)

150

No wiggles



Lavaux et al. (2008)
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100 Mpc/h
Lavaux et al. (2008)



150 Mpc/h
Lavaux et al. (2008)
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Conclusion

Lagrangian reconstruction
of peculiar velocities

Test of MAK reconstruction:

. ) Likelihood formalism
simulation & mock catalogs

Reconstructed < observed velocities:
successful comparison

\
Convergence (or lack of) of the LG velocity Comparison with ACDM

Used it on 2MRS + NBG-3k



Conclusion / Perspective

Lagrangian reconstruction
of peculiar velocities

Test of MAK reconstruction:

. ) Likelihood formalism
simulation & mock catalogs

Reconstructed < observed velocities:

Used it on 2MRS + NBG-3k .
successful comparison

\
Convergence (or lack of) of the LG velocity Comparison with ACDM
2MRS + X-ray surveys (like RBC) More statistical analysis:
. . « correlation function
Improved modelling with « improved likelihood analysis)

Euler-Poisson reconstruction

Constrained simulation of
Vlasov-Poisson the Local Universe



Conclusion / Future

Lagrangian reconstruction
of peculiar velocities

Test of MAK reconstruction:
simulation & mock catalogs

Likelihood formalism

Reconstructed < observed velocities:

Used it on 2MRS + NBG-3k

Convergence (or lack of) of the LG velocity

successful comparison

y

Comparison with ACDM

2MRS + X-ray surveys (like RBC)

Improved modelling with

More statistical analysis:

e correlation function

Euler-Poisson reconstruction

Vlasov-Poisson

 improved likelihood analysis)

Constrained simulation of

the Local Universe

6dFGS, SDSS, LSST

Correlation kinetic Sunyaev-Zel'dovich

Correlation with ISW on CMB







Thank you for your attention !



Conclusion

| Lagrangian reconstruction
of peculiar velocities

,.| Test of MAK reconstruction:
simulation & mock catalogs

: # Reconstructed < observed velocities:
> Used it on 2MRS + NBG-3k T: successful comparison

Convergence (or lack of) of the LG velocity

i

Comparison with ACDM

Likelihood formalism
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Conclusion / Perspectives

Test on mock catalogues
Study of systematics

Extension of MAK to
smaller scale (< 4 Mpc/h)

Euler-Poisson
GAIA, SIM, HST

NBG-3k, 2MRS

Lagrangian

Volume

6DF, SDSS

Application on
galaxy catalogs
Displacement field

Statistic

(Power spectrum,

Initial conditions Comparison to CMB

cosmological parameters)

Constrained simulations



Edge & Finite volume effects

Portion of the universe
selected by chance

I . l. ' . ' ‘_‘;
Zone of Avoidance Cosmic variance



Methods:

« SPH filtering (Fontanot et al. 2003)

* Yahil method (Yahil et al. 1991)

« Shaya method (Shaya et al. 1995) = simplest
Obasulre

C ZOA

Visible

Zone of Avoidance |

Objects folding into
the cleared ZOA

ZOA

»
i

(introduced in Shaya et al. 1995, ApJ)
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