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Standard Cosmology

Homogeneity and isotropy on very large scales
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Peculiar velocity surveys
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Systematics in
distance indicators?
Cosmological
Principle violation?
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Bulk flows and the CMB dipole

»

oT

= 7+ (Ugec — V0)
T l|dipole ¢

Bulk flow V= velocity of a matter volume with respect
to an observer who measures a vanishing CMB dipole

What if the dlpole is not kinematic? Paczynski, Piran, Turner (‘90)

Does dark energy affect the CMB dipole?

A.L.M., JCAP 05 (2006) 015
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Dark energy

Accelerated expansion (SN la)

p<0

Equation of state wye<-0.78 (WMAP1)
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Clustering properties?
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Decoupled from matter and radiation?

Are there dark energy bulk motions?
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Cosmology with moving dark energy

Four homogeneous fluids (decoupled from recombination):
Radiation: (pr , Prs VR)

Baryons: (pg ; Pg; Vg)

Dark Matter: (ppm > Poms Vom)
Dark energy: (Ppe s PpE:; Vne)

wg=1/3

wg=0
Wpu =0
Wpe= Wpe(2)

(T”y)a: = (pa + Pa)ugub’& — pa(s“v

Linear regime:
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pa(n),

— I;-a(n)a
= —(1,v5(m)

o= R,B,DM, DE

zero-modes
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Cosmology with moving dark energy

Perturbed metric (linear regime)

qeg = ag(V) (g + St @ g, — o g gy )

Total energy-momentum tensor
i Y (pa + pa)(S; — via)
X
Tﬁo = Z(Pa: + Pa)v.z:u
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Cosmology with moving dark energy

Einstein equations

§ _ Za(pﬂi 'l' pa)’l_f”cz
e Yo (\ch + pcez
Y
“cosmic center of mass velocity” \ “inertial mass density”

Momentum conservation

1S — Ta| x @3We—1
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Effects on the CMB dipole

Perturbed photon energy
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Effects on the CMB dipole

Today only matter and dark energy contribute to S,

A (0% — 90) + (1 + w@ ) p(tS  — ¥0)
0 0= 1 —I-’w%EQDE

At decoupling only matter and radiation contribute to S
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In the absence of dark energy (2o = 0) or for a pure
cosmological constant (wpg = -1).

dipole

Vanishing dipole in the matter rest frame, i.e.
very large scale bulk flows are not possible
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Matter bulk flows and moving dark energy

|

moving dark energy
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A primordial dark energy flow?

Scaling of fluids velocities (linear regime)

7 = | | i [ scaling
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The usual interpretation of CMB dipole is not
appropriate when moving dark energy is present

CMB dipole due to the motion of observer (emitter)
w.r.t the cosmic center of mass

R =
Matter bulk flows on the largest scales require
moving dark energy

A primordial dark energy flow could have survived
until present in scaling models

Further evidence of DE bu/k motion required
(work in progress with J. Beltran)
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