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Exquisite tool but...

It IS sensitive to mostly to
physics of the early Universe.
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Exquisite tool but...

It IS sensitive to mostly to
physics of the early Universe.

Late Universe:

- modified gravity
- modified geometry
- evolving curvature...
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Hubble Flow
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Hubble Flow

120 180 240 300 360

60

Cosmicflows-3

0O 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08



Hubble Flow
H,=H,|3,¢

HO: Zl,m alm Ylm

D [Mpc]

500
450
400
350
300
250
200
150
100
50
0

1 1 I

0 0.01 0.02 0.03 0.04 O.
2

05 0.06 0.07 0.08



Hubble Flow

=
%3— ) TER Y [ E— [ — E— €
2

o 2|

O Y=

®» 9

o O

a O |

o

o _— F

= e

A

—

o

© B

= o O O
o mn o
n < <

)

3

(

H
Zl,m alelm
1
21+1

0

0—

H
H,
C,

0O 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08



Hubble Flow
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Anisotropy of the Hubble Flow

Hubble Flow (CF3): monopole and dip
526 0.0576866
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monopole and dipole removed monopole removed

Data: Cosmicflows-3
Angular smoothing: 15°



Anisotropy of the Hubble Flow

Hubble Flow (CF2): monopole and dipele removed

-0.0413526 0.0575866

Hubble Flow CMB



Anisotropy of the Hubble Flow

Hubble Flow (CF2): monopole and dipele removed
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Anisotropy of the Hubble Flow

Hubble Flow (CF2): monopole and dipele removed
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Hubble Flow

Hubble Flow (CF3): monopole and dipole removed
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Constrining the Universe using the anisotropy of the Hubble Flow
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Origin of the dipole

Hubble Flow: 500

Hubble Flow (CF3): monopole removed
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Origin of the dipole

Hubble Flow: CMB:
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Hubble Flow dipole due |
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Hubble Flow dipole due |

| 400 |
to LG’s boost 5
s 300
i 250 |
0200 |
150 |
100 b«
50 | .-..‘."7‘{:..
ok
0.04 | I I I I I Z
635 km/s boost
0.035 | Cosmic Flows 3 -— _ *
noise I "
0.03 } _ ] ; Q‘
a . ‘
o | — |
0.01 |

0 e !
O 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08
Z




Hubble Flow dipole due |
to LG’s boost and bulk flow |

HF dipole

0.04

0.035 |
0.03 |
0.025 |
0.02 |
0.015
0.01
0.005

0

300 |
250 |
200 |
150 | -

106 + * o

D [Mpc]

635 km/s boost
Cosmic Flows 3 mm |
noise . /
>
=
N T —

O 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08
z



Hubble Flow dipole due |
to LG’s boost and bulk flow |

HF dipole

0.04

0.035 |
0.03 f
0.025 |
0.02
0.015 }
0.01
0.005

0

D [Mpc]

635 km/s boost
Cosmic Flows 3 mmm |
noisec N
bulk flow + boost m—m -
| — :
O 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08

z

300 |
250 |
200 |
150 | -

100 | *




Hubble Flow dipole due |
to LG’s boost and bulk flow |

HF dipole

0.04

0.035 |
0.03 |
0.025 |
0.02 |
0.015
0.01
0.005

0

D [Mpc]

635 km/s boost
Cosmic Flows 3 mm |
noise .
bulk flow + boost -
N T — .
O 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08

A

300 |
250 |
200 |
150 | -

100 | *




Hubble Flow dipole due |
to LG’s boost and bulk flow .|

HF dipole

0.04

0.035 |
0.03 |
0.025 |
0.02 |
0.015
0.01
0.005

0

D [Mpc]

635 km/s boost
Cosmic Flows 3 mm |
noise .
bulk flow + boost -
N T — .
O 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08

A

300 |
250 |
200 |
150 | -

100 | *




Hubble Flow dipole and
cosmic environment

HF dipole

0.04
0.035
0.03
0.025
0.02
0.015
0.01
0.005
0

500

D [Mpc]

[ —

635 km/s boost
Cosmic Flows 3 s
noise =
bulk flow + boost -

0 0.01 0.02 0.

03 0.04 0.05 0.06 0.07 0.08
z

450 |
400 |
350 |
300 |
250 |
200 |
150 |
100 | *
50 r

- The:Great Atfractor

1 OOSCe?taur s Cluster .« -~

-2000. 7

AL \ 5 Hiyaral Otister.
<3000 AN A

8000/ | 2000 | -f000] | ‘0 1000, 2000 °
1 olaX (kmys)

Courtois et al. (2015)



Hubble Flow dipole within 450 |

HF dipole

0.04
0.035
0.03
0.025
0.02
0.015
0.01
0.005
0

500

400 |
full GR treatment 350 |
< 300 |
S 250}
o 200}
150 |
100} * .
50 i -'l:.:;... .
o ¥
Z
| | 635 km/s boost
- Cosmic Flows 3 mm | 100
noise N
i Szekeres -
50
2
I g o
-50
| -100
| . 100  -50 0 50 100
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 x [Mpc]

z Bolejko et al. (JCAP, 06, 035, 2016)



Summary

* New tool sensitive to late time cosmology:
 Cosmological parameters
 Modified gravity (?)
 Modified geometry (?)

» Useful tool to understand local cosmological
environment:

* Test the Bulk Flow hypothesis
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