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THE
COSMOLOGICAL
PRINCIPLE




Locally,

the cosmological principle

doesn’t apply

George F. Smoot Rev. Mod. Phys. 79, 1349 (2007)
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We correct for
perturbations
by taking into account
peculiar velocities...
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If not peculiar velocities

then what?




no_20 _ ([, H TWO DIFFERENT
a0 0= "3 T
THEORETICAL
1 :
dr(z) = Ho 1+ 2(1—CJ0)Z+ 6(3QS+QO—1+QK0—]0) APPROACHES
1
+o7 (2 — go(2 + 150 + 15g3) + 5jo(1 + 290) — 2Qx0(1 + 3g0) + 80) 2 3} + O(z
3 ‘-‘ A

@ Cannot account for possible spatial anisotropies |y '*: \ ': / “ m

@ Doesn't allow directional dependence L3 N \ | 4

@ Cannot handle the influence of local effects into data \
COVARIANT
COSMOGRAPHY

e Define a congrgence of matter observers with
four-velocity U

 Realize a 3+1 split, where the metric on each
surface is given by

Nap = Zab + Ualp ,

where h_, is also known as the projection
operator.




» HOW MATTER MOVES

How the matter congruence varies along all 4 space-time directions can be
used to infer the dynamical properties of the universe:

b .a _1 ab ab _ nab
V Un = §@thm _l_Jm = @m )

where O, and Gf‘nb are the expansion and shear, respectively,
while G)?T? represents the expansion tensor.
Note we are assuming a vorticity free geodesic fluid.

—— - -
—— -

reference expansion vorticity shear

Rezzolla & Zanotti (2013)

a —
UnpNa = 0




) COUARIANT COSMOGRAPHY

4 z 1 1 )

dr(z,n) = o 1+ 5(1—@0)7:4— 6(3Q(2)—|—Q0— 14+ R, — Jp)2°

4L (2 — Qo (2 +15Q, + 15Q2) + 5J,(1 + 2Q,) — 2R,(1 4 3Q,) + 80)23] +0(2°),

4 Y

Cosmographic parameters

are line-of-sight dependent: .
J The Hubble parameter is given by:

Om ,
il — Ho(n) { H = KaKb@Iilb — T + menanb ; ]
Qo e Qo(n)
Jo = Jo(n) and, in the presence of a boost:
S — Dol
= 4 . 2
R, RO(H) {]H[) = ’}*2 [(1 -+ %) (]HU' =F '-T"f:]b Vavb] ;

Ha = —2";(({]1‘1[) v? + G’ﬂ? Vb) :
_ fiab = 53 1 () (3

[Kristian and R.K. Sachs (1966), Maartens et. al 2024
Clarkson 1999, Umeh 2013, Heinesen 2020]




calibration affects
only the monopole

» MEASURING THE ANISOTROPIC RATE OF EXPANSION FIELD

|
fs Og(dL(

* The monopole is
subtracted,

* N is independent
of distance
calibration, since

4 directly
\\fmm aatal ,

k\Q/l

*x N is only
sensitive to
anisotropies in dL.
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Probability Density

Relative

OUR POLICY:

we don’t correct for
what is not a problem

/%

— TRGB
— Cepheids

SO <n>=0 Son=0in FLRW.

= Lensing
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= Planck
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% NO NEED for peculiar velocities!
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A FINITE NUMBER OF
DEGREES OF FREEDOM
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* strong quadrupole
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INUESTIGATING THE PRESENCE OF Quadrupole
AXIAL SYMMETRY
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CONNECTINGWITH

PERTURBED LCDM
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AXISYMMETRICETA EVOLUTION

_° . . .

dr(z,n)

— M(2)
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This work
_ The average of the dipole of eta over a
Whitford et al. (2023) , , ,
spherical volume of radius R is:
Watkins et al. (2023) (R
In10 [*®)
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RECOVERING THE BULMK FLOW
DOES NOT REQUIRE ASSUMING
ANY VALUE OF /],
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ROBUSTNESS

% 10.000 standard LCDM mock

p-value (%)

realizations to obtain the p-values; Sample Uniform ACDM ACDM + bulk
(400 km/s)
Dipole | Quadrupole | Octupole | Joint | Quadrupole | Octupole
% Followed by mocks of LCDM CF4a 0 0 006 | 0 0 6.89
_ CF4b 0 Tod 0.3 0 6.62 0.42
augmented by a 400km/s bulk flow; CFac 0.02 0.02 i 0 0.02 i

CF4d
CF4TF

.44 1.43

% Division into subsamples: spiral 00005 0 0 : 0 0 :
galaxies, early-type galaxies, and SNIla; 0?“55 0 38 13 0.02 0 r4.36 0.36
[0.01,0.05] ' ' : :
CF4FP - . _ ) ) _
% Investigated the effect of the ZoA and [0.05,0.1] |
CRATF+CFASN | 621 54.24 - | 3471 59.48 :

anisotropic source distribution.

[0.05,0.1]




| BEST-FIT COUVARIANT
‘COSMOGRAPHIC PARAMETERS

AXISYMMETRICETA EVOLUTION
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»COUAHIANT COSMOGRAPHY AND ETA CONNECTION
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