A CHALLENGE TO THE COSMOLOGICAL STANDARD MODEL
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Aristotle ...

Ptolemy » The Divine Comedy, Dante Alligheri (1321)

THE ‘STANDARD COSMOLOGY’ IN e IT YIELDED TO THE HELIOCENTRIC
EUROPE WHICH LASTED ~2000 YR UNIVERSE, WHEREIN THE EARTH WAS
WAS ‘SIMPLE’ AND GAVE A GOOD DEMOTED FROM BEING AT ITS VERY
FIT TO ALL AVAILABLE DATA CENTRE - THE SUN TOOK ITS PLACE
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Four centuries later when the first relativistic cosmological models were constructed
(Einstein 1917, Friedmann 1921, Lemaitre 1927), this ‘Copernican Principle’ was
extended further to demote the Sun too from being at the centre of the Universe ...



ALL WE CAN LEARN ABOUT THE UNIVERSE IS CONTAINED WITHIN
OUR PAST LIGHT CONE

w =constant
N

Ellis & Stoeger, CQG 4:1697,1987

8,9 constant [ E»’a*ld uie

We cannot move over cosmological distances and check if the universe looks
the same from ‘over there’ ... so must assume that our position is not special

“The Universe must appear to be the same to all observers
wherever they are. This ‘cosmological principle’ ...”

Edward Arthur Milne, in ’Kinematics, Dynamics & the Scale of Time’ (1936)
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f 0.8Qm - 0.6Qx =~ -0.2 (SNe la),
Qi ~ 0.0 (CMB), Q,, ~ 0.3 (Clusters, BAO)
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ST I (D)) = (Ho?/87Gy) Y4 ~ 10722 GeV o




CMB DATA IS WELL-FIT BY THE 6-PARAM. ACDM MODEL + POWER-LAW P (K)
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There is no direct sensitivity of CMB anisotropy to dark energy ... it is all inferred (using Q,+ Q;+ Q= 1)
(To detect the late-ISW correlations between CMB & structure induced by A will require 10 million redshifts)


https://doi.org/10.1051/0004-6361/201525830

IT IS THE COSMIC SUM SUM RULE THAT IS USED TO /INFER A NON-ZERO
A oF O(Hy’) FROM OBSERVATIONS OF SNE IA, CMB, BAO, LENSING ETC ...

There is as yet no compelling dynamical evidence for A (e.g. the late-ISW effect)

The ACDM model is ‘simple’ (if
we take A to be just another
parameter!) and fits the data
(with just a few anomalies) ...
but lacks a physical foundation
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There has been substantial investment in major satellites and telescopes to measure
the parameters of this standard cosmological model with increasing precision
... but surprisingly little work on testing its foundational assumptions



How well does the real universe conform to the standard FLRW model description?

7 e This is what our Universe
= i} /10000 actually looks like locally
| 500 (out to ~200 Mpc)
0 §. ... and on the biggest scales
\ -'-50‘355 (~ 600 Mpc) mapped

13}1

T IR

Tully et al. Nature 513:71,2034

s it justified to approximate it LS 2 8 8
as exactly homogeneous? Ky | .
... To assume that we are a

‘typical’ observer?

.. To assume that all observed

directions are equivalent?



https://doi.org/10.1038/nature13674

Stewart & Sciama Nature 216:748,1967
Peebles & Wilkinson, PRL 174:2168,1968

We interpret this as due to our motion at
370 km/s wrt the frame in which the CMB is
truly isotropic = motion of the Local Group

at 620 km/s towards [ =271.9°, b = 29.6°

This motion is presumed to be due to local
inhomogeneity in the matter distribution

.. according to structure formation in ACDM
we should converge to the ‘CMB frame’ by
averaging on scales larger than ~100 Mpc

So all data is ‘corrected’ by transforming to
the CMB frame - in which FLRW should hold
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THE UNIVERSE IS NOT ISOTROPIC AROUND US
The cosmic microwave background exhibits a dipole anisotropy with A7/T ~ 10-3

THE OBSERVED CMB DIPOL
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Smoot, Rev.Mod.Phys.79:349,2007
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The real reason, though, for our adherence here to the Cosmological Principle
i1s not that 1t is surely correct, but rather, that it allows us to make use of the

extremely limited data provided to cosmology by observational astronomy. -

- 1f the data will not fit into this framework. we shall be able to

conclude that either the Cosmological Principle or the Principle of Equivalence is

wrong. Nothing could be more interesting.

Steven Weinberg, Gravitation and Cosmology (1972)

A TEST WAS PROPOSED AFTER COSMOLOGICALLY DISTANT RADIO SOURCES WERE OBSERVED

On the expected anisotropy of radio source counts
G. F. R. ElllS* and J.E. Baldwmf Orthodox Academy of Crete, Kolymbari, Crete

Summary. If the standard interpretation of the dipole anisotropy in the
microwave background radiation as being due to our peculiar velocity in a
homogeneous isotropic universe is correct, then radio-source number counts
must show a similar anisotropy. Conversely, determination of a dipole aniso-
tropy in those counts determines our velocity relative to their rest frame;
this velocity must agree with that determined from the microwave back-
ground radiation anisotropy. Present limits show reasonable agreement
between these velocities.

4. Conclusion

If the standards of rest determined by the MBR and the number counts were to
be in serious disagreement, one would have to abandon

¢) The standard FRW universe models

Mon. Not. R. astr. Soc. (1984) 206, 377-381



ON VERY LARGE SCALES (Z ~ 1) THE DISTRIBUTION OF RADIO SOURCES
SUPPOSEDLY DEMONSTRATES THE ISOTROPY OF THE UNIVERSE

Milky Way

Peebles, Principles of Physical Cosmology, 1993

Unobserved regions

But if we are moving w.r.t. the cosmic rest frame, then distant sources cannot be isotropic!



IF THE DIPOLE IN THE CMB IS DUE TO OUR MOTION WRT THE ‘CMB FRAME’
THEN WE SHOULD SEE A S/MILAR DIPOLE IN THE DISTRIBUTION OF DISTANT SOURCES

Aberration
(Bradley 1727) (Doppler 1842)

)
Rest fram E Power-law
. + A spectrum

Moving frame =

3 Soxv?®
sin 6 v
tan¢ = > %
o p y(cos 6 + E)
Observer, velocity v Integral flux distribution: N (>S) &< S

Flux-limited catalogue =» more sources in direction of motion
Ellis & Baldwin, MNRAS 206:377,1984



https://doi.org/10.1093/mnras/206.2.377

Galaxies / quasars in CMB “rest frame”

Aberration: object positions compressed in direction of motion
Doppler boosting: otherwise too-faint objects boosted into catalog flux limit




Consider an all-sky catalogue of N 5=% (Vops, X, Q) + R (N) + S (D(2))

sources with redshift distribution D(z)

from a directionally unbiased survey 3¢ - The ‘kinematic dipole’: independent
of source distance, but depends on

observer velocity, source spectrum,
and source flux distribution

D(z) - .
R — The ‘random dipole’ « 1/VN

isotropically distributed

! S > The ‘clustering dipole’ due to the
redshift al?lso.t.ropy in the source distribution
(significant only for shallow surveys)

NVSS + SUMSS: 600,000 radio sources <z>~ 1 (est.), S (D(z)) = O (est.)
Colin, Mohayaee, Rameez & S.S., MNRAS 471:1045,2017

Wide Field Infrared Survey Explorer: 1,200,000 galaxies, <z> ~ 0.14, S (D(z)) significant
Rameez, Mohayaee, S.S. & Colin, MNRAS 477:1722,2018

Wide Field Infrared Survey Explorer: 1,360,000 quasars, <z>~ 1.2, 8 (D(z)) ~ 1%
Secrest, Rameez, von Hausegger, Mohayaee, S.S. & Colin, ApJ Lett.908:1.51,2021



https://doi.org/10.1093/mnras/stx1631
https://doi.org/10.1093/mnras/sty619
https://doi.org/10.3847/2041-8213/abdd40

THE NRAO VLA SKY SURVEY (NVSS) + SYDNEY UNIVERSITY MOLONGLO SKY SURVEY (SUMSS)

(1.4 GHz survey down to Dec = -40.4°) (843 MHz survey at Dec < -30°)
[Rescale the SUMSS fluxes by (843 MHz/1.4 GHz)%7> = 1.46 to match with NVSS]

To get rid of any ‘clustering dipole’:

 Remove Galactic plane =10°
(also Supergalactic plane)

* Remove nearby sources which are
in common with 2MRS/LRS surveys
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Colin, Mohayaee, Rameez & S.S., MNRAS 471:1045,2017

Confirms claim by Singal (ApJ 742:1.23,2011) ... however source redshifts are not
directly measured (also the statistical significance is only 2.86 — by Monte Carlo)


10.1088/2041-8205/742/2/L23
https://doi.org/10.1093/mnras/stx1631

Secrest, Rameez, Von Hausegger, Mohayaee, S.S. & Colin, ApJL 908:L51,2021

THE CATWISE QUASAR CATALOGUE
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We now have a catalogue of 1.36 million quasars, with 99% at redshift > 0.1

[ — |

66.7 source deg™2 69.8 Swi [mJy] w1

The dipole can be compared to that expected, knowing the spectrum & flux distribution
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OUR PECULIAR VELOCITY WRT QUASARS # PECULIAR VELOCITY WRT THE CMB

o Galactic
)

o .
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A CatWISE % CMB dipole

The direction of the quasar dipole is consistent with the CMB dipole - but not its amplitude

= =
0.3F < 2
S
= 0.9
aW
0.1
| |
0.0%% 6 S 10 19 11 16

D [1073]

The kinematic interpretation of the CMB dipole is rejected with p =5 x 107 = 4.90
(Data & code available on: https://doi.org/10.5281/zen0d0.4431089)

Secrest, Rameez, Von Hausegger, Mohayaee, S.S. & Colin, ApJL 908:1.51,2021


https://doi.org/10.5281/zenodo.4431089
https://doi.org/10.3847/2041-8213/abdd40

WE HAVE FURTHER CLEANED THE NVSS & WISE AGN CATALOGUES OF A VARIETY OF SYSTEMATICS

79.4  source deg >

The two dipoles are consistent with each other; their vector mean is:
D=(1.40£0.13)x103 towards (/, b) = (233.0,+34.4)
Secrest, Rameez, Von Hausegger, Mohayaee, S.S., arXiv:2206.05624



http://arxiv.org/abs/2206.05624

THE NVSS & WISE AGN CATALOGUES ARE /INDEPENDENT SO WE CAN
COMBINE THE P-VALUES BY WHICH EACH REJECTS THE NULL HYPOTHESIS

NVSS WISE
1.0
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D D

Distribution of CMB dipole offsets & kinematic dipole amplitudes of simulated
null skies for NVSS (left) and WISE (right). Contours of equal p-value and
equivalent ¢ are given (where the peak of the distribution corresponds to 0c),
with the found dipoles marked with + and their p-values are in the legends.

Combined significance = standard cosmology expectation is rejected at 5.10
Secrest, Rameez, Von Hausegger, Mohayaee, S.S., Astrophys. J. Lett. in press [arXiv:2206.05624]
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Anomalies in Physical Cosmology

P.J. E.

Peebles

Joseph Henry Laboratories, Princeton University, Princeton, NJ 08544, USA

11 August 2022

This anomaly 1s about as well established as the Hubble
Tension, yet the literature on the kinematic effect 1s
much smaller than the 344 papers with the phrase

“Hubb]
Astrop!

e Tension” in the abstract in the SAO/NASA
nysics Data System. (I expect the difference 1s an

Inevita

ble consequence of the way we behave.)

https://arxiv.org/abs/2208.05018



https://arxiv.org/abs/2208.05018

SUMMARY

» The ‘standard model’ of cosmology was established before there was any

data ... and its assumptions (homogeneity, isotropy) have not been tested.

Now that we have data, it should be a priority to test the cosmological model
assumptions — not simply measure the model parameters with "precision’

» The rest frame of distant quasars & radio sources # CMB rest frame
... This poses a serious challenge to the FLRW metric assumption

» The standard procedure of boosting measured redshifts & magnitudes
of SNe la to the ‘cosmic rest frame’, and making corrections for the
peculiar velocities of their host galaxies to infer cosmic acceleration

(interpreted as due to A), is then unjustified

The measurements made in the heliocentric rest frame reveal a dipole
asymmetry in the recession velocities and in the inferred acceleration

= cosmic acceleration may be just an artefact of our local bulk flow

We must begin again, to construct a new standard model of cosmology
(following the manifesto of Ellis & Stoeger, CQG 4:1697,1987 ‘The fitting problem)
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