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The dark flow

Kinematic Sunyaev-Zeldovich effect
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The dark flow

Other tracers

® Composite
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Other tracers

The dark flow
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/These results suggest the \

existence of a coherent flow of
matter wit respect to CMB on

very large scales:

VR,bulk — VR,sta + ‘/cosmic

But, how is this possible?




Moving dark energy

Pa = WaPo
T = " [(pa + Pa)ubiu, — Pag”’]
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a= B, R, DM, DE.




Moving dark energy

Pa = WaPa

T = Z (0o + Pa)ubuy, — Pag™’]
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a= B,R, DM, DE.
Cosmic Center of Mass velocity:
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Momentum conservation




Effects on the CMB: the dipole

Sachs-Wolfe effect to first order
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Effects on the CMB: the dipole
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Effects on the CMB: the dipole
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Relative motion of matter Motion of CMB with
with respect to CMB respect to the CCM .

[This would be the kind of motion recently detected! ]




Effects on the CMB: the dipole

5sz’pole 5Tdipole

TR o - (0 — ) o 2 g
Relative motion of matter Motion of CMB with
with respect to CMB respect to the CCM .

[This would be the kind of motion recently detected! ]

In the CCM rest frame we can obtain:

VY 2 () ()
R QO+ B ‘lom
1+ z4ec 1+ 2z,




Effects on the CMB: the quadrupole

0T 1 1 -
The contribution to the quadrupole is TQ = —§h (fﬁi@j — g%‘) n'n’
0

Dependency on the DE model

The total quadrupole is: (6T)7 = (0T)% + (6T)F — 2f (D, ;) 0T 40Ty
Anisotropic Inflation Inflationary
constribution  contribution random phases

Measurements of the CMB quadrupole lead to constraints on h:

< 6.92x107° 68% C.L.

1.23x 107* 95% C.L.




Effects on the CMB: the quadrupole

Can we explain the low quadrupole?

(6T)%,, = 236135 uK?>  68% C.L.
(6T)% ~ 1252 pK?

(6T)3,, =2361355" uk?  95% C.L.




Effects on the CMB: the quadrupole

Can we explain the low quadrupole?

(6T)2,, = 2361057 pK?  68% C.L.

obs

(6T)% ~ 1252 uK?
(6T)3,, =2361355" uk?  95% C.L.

> < h < 996x107° 68% C.L.
0< h < 154x10"* 95% C.L.
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Effects on the CMB: the quadrupole

Can we explain the low quadrupole?

(6T)2,, = 236135 uK?  68% C.L.

obs

(6T)2 ~ 1252 pK?
(6T)3,, =2361355" uk?  95% C.L.
h 9.96 x 10~° 68% C.L.

1.18 x 107° <
h < 154x107% 95% C.L.
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Model example: scaling dark energy
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Model example: scaling dark energy

0.2 68% C.L.
0.2 95% C.L.

7.69 x 102
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N 2 1
[QA i ] 4.32 x 1072
vr ~ 500 km/s

EXCLUDED 95% C.L.

ALLOWED




Conclusions

measdurel

» Common origin for the dipole and

quadrupole. Axis of evil?



