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The current standard LCDM model
(the Standard Model of Cosmology, the SMoC)
is based on the following postulates :

Einstein's GR is valid everywhere
» Cold or Warm Dark Matter particles must exist

These can be tested for
using existing data

Inflation happened

All matter was created at the Hot Big Bang

CMB 1s the photosphere of the Hot Big Bang

Dark Energy started a new era of accelerated expansion
(i.e. new inflation) about 5 Gyr ago
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Tests for the existence of dark matter particles :

Based on Chandrasekhar dynamical friction (Kroupa 2015)
1) Satellite galaxies (Angusetal. 2011)

2) M81 group (Ochm etal. 2017)

3) Bars of galaxies (Roshan etal. 2021)

4) Perseus I & NGC 3109 association: backsplash from Local Group
(Pawlowski & McGaugh 2018; Banik et al. 2021)

Based on perturbed morphology of dwarf satellite galaxies
in Fornax cluster (Asencio etal. 2022)

(Existence of dark matter paﬂicle?

ruled out
. with >5sigma confidence
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Figure 9. Edge-on view of both LG planes. The orientation of the MW and
M31 are indicted as black ellipses in the centre. Members of the LGP1 are
plotted as yellow points, those of LGP2 as green points. MW galaxies are
plotted as plus signs (+), all other galaxies as crosses (x), the colours code
their plane membership as in Fig. 6. The best-fitting planes are plotted as
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Everything we
know about the
Local Group
today :

Pawlowski, Kroupa & Jerjen (2013):
"The discovery of

symmetric structures in
the Local Group"
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(NOT SMoC at OO sigma)
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Figure 1. The KBC void: the actual density of normal matter divided by the mean
cosmological density is plotted in dependence of the distance from the position of
the Sun (which is in the Local Group of galaxies). The grey area indicates the density

fluctuations allowed by the ACDM model. Taken from fig. 1 in Kroupa (2015).
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the Sun (which is in the Local Group of galaxies). The grey area indicates the density

fluctuations allowed by the ACDM model. Taken from fig. 1 in Kroupa (2015).
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Haslbauer etal. 2020 :
The under-density is evident in

optical galaxy surveys
Maddox+1990; Zucca+1997

near-infrared galaxy surveys
Keenan, Barger & Cowie'l3 (KBC)

X-ray cluster surveys
Bohringer+2015; Bohringer, Chan, Collins 2020;
Migkas+21

CMB dipole indicating large-scale bulk flows as

expected for such a void (radio observations)

Rubart & Schwarz 2013; Rubart, Bacon & Schwarz 2014;
Javanmardi+ 2015; Secrest+ 2020

Additionally :

the Sun (which is in the Local Group of galaxies). The grey area indicates the density S‘trong evidence for h |g h |y S|g nificant

fluctuations allowed by the ACDM model. Taken from fig. 1 in Kroupa (2015).

over- and under-densities in galaxy-cluster data
Migkas & Reiprich (2018); Migkas et al. (2021)

4.9 sigma exclusion of cosmological principle based
on distribution of 106 quasars Secrest + Sarkar et al. (2021)
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The observed KBC Void
is in S5sigma tension with the SMoC
and
automatically and naturally

accounts for the "Hubble Tension' !
Haslbauer et al. (2020)
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Other, independent (of dynamical friction), tests :

6) Gpc scale : KBC void and Hubble Tension (Haslbauer et al. 2020)

7) high-z : El Gordo galaxy cluster (@ z=0.87 and Bullet Cluster
(Asencio et al. 2021)

Basically, the whole observed Universe
disagrees with the LCDM model
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Einstein's

Cold or W,

Inflation happened

All matter was created at the Hot Big Bang

rConservative procedure?
Try a model based on
GR

(assume deviations from
Newtonian gravitation

due to the quantum vacuum,
Milgrom 1999)

and
Milgromian gravitation

\for density contrasts )

CMB 1s the photosphere of the Hot Big Bang

Dark Energy started a new era of accelerated expansion

(i.e. new inflation) about 5 Gyr ago
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What is MOND ?

:/4 W(?):

=47 p(X)
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) //t ¢( 'x ) T ]Z. 10( x ) https://en.wikipedia.org/wiki/P-Laplacian

_ ’ : | standard Poisson equation
p=1 Newton(1687) / Einstein(1916) || corresponds to the p=2 p-Laplacian

P = Pbaryons T Peold/warmDM ~ applied in LC/WDM model

MOND : | generalised Poisson equation
_)
YOI o o
U= u Bekenstein & Milgrom(1984)
4o V()| >ay > p~ 1 || corresponds to the p=2 p-Laplacian
V)l <ay —» pr IVa(cﬁ)l || corresponds to the p=3 p-Laplacian
0

P = Pbvaryons T Psterile neutrinos applied in nuHDM model
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MOND correctly describes all observed dynamical phenomena
on the scale of galaxies
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MOND correctly describes all observed dynamical phenomena
on the scale of galaxies

Analytical calculations suggest the nuHDM model
correctly accounts for the
KBC void (thus no Hubble Tension)
and El Gordo and Bullet Clusters.
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The
nuHDM model
fits the CMB :
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The

nuHDM model (Angus & Diaferio 2011)
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Figure 1. The CMB angular power spectrum for our cosmological model
(blue line), compared with the ACDM model (red line). The data points
come from WMAP 7 year (black), Atacama Cosmology Telescope (ACT)
(turquoise) and ACBAR (green).
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Begin with :

Comparison calculation using LCDM fluctuations in baryon density field
at z=100
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Nils Wittenburg nuHDM / LCDM initial conditions
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Mass function of galaxies comes out to agree with the observed one
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Mass function of galaxies comes out to agree with the observed one

Note the effect of the KBC void.
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Use Phantom of Ramses to evolve the nuHDM model to z=0

for correct initial density fluctuations
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Nils Wittenburg nuHDM / Angus09 cosmological model
(see Haslbauer et al. 2020

a(t) = 1+ o) for details)
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Thus, nuHDM cannot (?) form structures that resemble the
observed galaxies
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Thus, nuHDM cannot (?) form structures that resemble the
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Thus, nuHDM cannot (?) form structures that resemble the
observed galaxies

Why ?

Calculate transfer function to obtain initial conditions at z =200
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944  G. W. Angus and A. Diaferio 2011
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Figure 2. The power spectrum of our N-body realization (dashed) at z =
254.1, the expected power spectrum from the camB package (solid) for that
model as well as the power spectrum for the ACDM model (dotted line).
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Try larger-scale simulation box
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Nils Wittenburg nuHDM / Angus09 cosmological model
(see Haslbauer et al. 2020

a(t) = 17 ) for details)

100
80

60
40
= 20
g o
without EFE 3
~ -20

-100
-100-80 60 -40 -20 O 20 40 60 80 100

[) 00:01 * -00:11 (

RS R




Nils Wittenburg nuHDM / Angus09 cosmological model
(see Haslbauer et al. 2020
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Nils Wittenburg nuHDM / Angus09 cosmological model
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Apparently too many too massive objects (groups of galaxies)
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Apparently too many too massive objects (groups of galaxies)

Consistent with previous results by
Angus & Diaferio (2011) and
Katz, McGaugh et al. (2013).
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Thus, nuHDM cannot (?) form sufficient structure that resembles
the observed galaxies
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Ijjas, Steinhardt, Loeb, response

All matter was created at the Hot Big Bang
related to inflation, Consider "old" ideas: Hoyle (1948) / Dirac (1937, 1974)

thus purely speculative

CMB is the photosphere of the hot Big Bang <

allow for dust emission "CMB anomalies after Planck"
(Vavrycuk 2018) Schwarz, D., et al., 2016CQGra..33r4001S
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Thus, nuHDM cannot (?) form sufficient structure that resembles
the observed galaxies

Next steps :
Revisit the physical contents of

Inflation ? "Inflation wars" : Ijjas, Steinhardt, Loeb, Scidm Feb.1, 2017
purely speculative Guth, Kaiser, Linder + 30, Scidm May10, 2017
Ijjas, Steinhardt, Loeb, response

All matter was created at the Hot Big Bang
related to inflation, Consider "old" ideas: Hoyle (1948) / Dirac (1937, 1974)

thus purely speculative

CMB is the photosphere of the hot Big Bang <

allow for dust emission "CMB anomalies after Planck"
(Vavrycuk 2018) Schwarz, D., et al., 2016CQGra..33r4001S

Dark Energy started a new era of inflation about 5 Gyr ago

dark energy has unphysical properties - Peacock [1999] : the negative-pressure equation of state of the
vacuum makes it a source of unlimited energy allowing any region
to inflate arbitrarily at a constant energy density.
- Total misfit to QFT vacuum energy.
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Be brave
be bold & radical :

be Bohemian !
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Be brave
be bold & radical :

be Bohemian !

Inflation

The Bohemian

model of cosmology

. already partially developed

core ingredients: ....--scale physics
& Milgromian gravitation

‘ expansion rate = c
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Important : SMoC =LCDM standard model has been adjusted to ﬁt
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In conclusion :
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In conclusion :

The SMoC (=LCDM or LWDM model) is ruled out with >5sigma
confidence. Cold or Warm Dark Matter does not exist.
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MOND)

may not be able to form sufficient structure on <lIMpc scale. In progress.
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In conclusion :

The SMoC (=LCDM or LWDM model) is ruled out with >5sigma
confidence. Cold or Warm Dark Matter does not exist.

The nuHDM model
(standard expansion [i.e. needs Inflation {Hot Big Bang, CMB}, Dark Energy],
MOND)

may not be able to form sufficient structure on <lIMpc scale. In progress.

The Bohemian model (constant expansion, MOND) has no free
parameters, and 1s being studied now. Looks promising & is very natural.
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