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Abstract: Physics of the dominant part of the energy-density of the modern Uni-
verse - dark matter and dark energy - lies beyond the Standard model (BSM) of
elementary particles. The now standard cosmological model involves BSM physics
to describe the cornerstones of the structure and evolution of the Universe: infla-
tion, baryosynthesis and dark matter/energy. It makes Dark the whole story of the
Universe: from the origin of its basic initial conditions to the modern structure and
evolution. It implies existence of BSM physics, which still finds no experimental
evidence, since search for it at the LHC only tightens constraints on its effects.
We show that the challenge to shed light on the physics of the Dark Universe can
be related to development of cosmoparticle physics, studying fundamental rela-
tionship of micro- and macro worlds in cross disciplinary studies of its physical,
cosmological and astrophysical signatures.
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1. Introduction

The paradox of the current situation in cosmology and particle physics can
be characterized as conspiracy of physics and cosmology beyond the correspond-
ing Standard models [1,2]. Except for the nonzero mass of neutrino there is no
experimental evidence for effects of physics Beyond the Standard model (BSM)
of elementary particles. Search for such effects at the LHC only tightens the con-
straints on deviations from the predictions of the standard model (SM) of elemen-
tary particles. On the other hand BSM physics is not only needed to solve the
internal theoretical problems of the SM like divergence of Higgs boson mass in the
electroweak theory or CP violation in QCD, but becomes necessary theoretical
basis for the now standard model of the structure and evolution of the Universe -
inflationary cosmology with baryosynthesis and dark matter/energy. Astronomical
data of the precision cosmology confirm this standard cosmological model, putting
more and more stringent constraints on possible deviations from its predictions.

The standards of the modern cosmology mean that the we live in Dark Universe
not only because it is dominated now by dark matter and dark energy, but also
because its basic parameters are determined by the mechanisms of inflation and
baryosynthesis related to the dark (unknown) part of the fundamental physics.

Mutual relationship of cosmology and particle physics is developed in the cos-
moparticle physics, studying this relationship in the cross disciplinary search for
its physical, astrophysical and cosmological signatures. Here we briefly discuss the
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motivation for genesis and basic principles of cosmoparticle physics and pay spe-
cial attention to the reflection of the BSM physics of the modern cosmology in the
nonstandard features in astrophysical and cosmological phenomena. The evidences
for such features will enlighten the true history of the Universe and the laws of
new physics, which governed it.

2. Unification of the frontiers of the fundamental knowledge

The modern picture of the so called Standard model of elementary particle physics
finds strong support in the experiments at particle accelerators and colliders. The
last missed element in the set of fundamental particles of the Standard model
(SM), the Higgs boson was discovered at the Large Hadron Collider (LHC) in
2012.

However it is not the end of discoveries in particle physics, since the wide field of
physics Beyond the Standard model is badly needed and waits for its exploration.

Theoretical and practical need to extend the SM follows from its internal prob-
lems, some of which can be solved by supersymmetry symmetry between bosons
and fermions. Since we do not observe supersymmetry in the mass spectra of
known fermions and bosons, then it must be broken, and the search for supersym-
metric partners heavier than the corresponding particles was one of the greatest
challenges for the Large Hadron Collider and/or the next generation of accelera-
tors. The idea of unifying all the fundamental forces of Nature is the aesthetically
appealing reason for the extension of the SM. The similarity of the description of
the fundamental particle interactions (electromagnetism, strong and weak interac-
tions), achieved in the SM, is embedded deeply in a grand unified theory (GUT),
which extends the fundamental symmetry of elementary particles.

By placing the set of known particles in such theory, we see that there remain
white spots which should be occupied to complete it.

The wider the theory, the larger is the number of additional particles and
fields, corresponding to the total symmetry. These particles and fields correspond
to the hidden sector of the relevant theory, since they are hidden from direct
experimental verification or because of their large mass, or because of the extremely
weak interaction with the known particles.

In both cases, the (super-weak interaction, or very super-large mass) verifi-
cation of the predictions requires the use of indirect methods. That is why the
expanding Universe, as a possible source of information about elementary parti-
cles, attracts the most attention of people involved in elementary particle physics.

Modern cosmology is based on two observational facts. On the fact that the
Universe is expanding, and that the modern Universe is filled with the thermal
background of electromagnetic radiation. Combining these facts leads to the ideas
of Big Bang expanding Universe. Big Bang theory leads to very high tempera-
tures at the very early stages of expansion. We can never build an accelerator of
elementary particles to energies of the GUT which are naturally realized in the
early stages of cosmological evolution. Thus, the internal development of particle
physics leads to the theory of a hot expanding Universe, called Big Bang Universe,
as a natural landfill of its fundamental ideas.

However, to resolve the quantitative inconsistencies, which at a deeper exam-
ination became more pronounced, it has been necessary to add new fundamen-
tal elements to the basics of its theoretical constructions. The theory of the Big
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Bang Universe is now supplemented by at least four additional elements inflation,
baryosynthesis, non-baryonic dark matter and dark energy, based on physical laws
predicted by the theory of elementary particles which, however, have not been
experimentally verified.

The inflation gives the principal answer for the questions why is the Universe
expanding? Why the expansion makes the Universe so homogeneous and isotropic?
and Why the evolution in causally disconnected regions is identical? It suggests
that in the past there was a phase of superluminal (in the simplest case of ex-
ponential) expansion in the early Universe. This stage could not form if matter,
radiation or relativistic plasma was dominant but it could, under certain condi-
tions, form under the effect of various cosmological implications of the theory of
elementary particles,

The question: Why does the Universe not contain an equal amount of mat-
ter and antimatter? finds its answer in the process of baryosynthesis, linking this
observed baryon asymmetry of the Universe with the physical mechanism of gen-
eration of an excess of baryons and leptons over their antiparticles in the early
Universe.

To explain the difference in the amount of baryonic matter and the total
amount of matter in the Universe the dark matter is needed, the physical basis of
which relates to the hidden sector of particle physics.

There are many different physical mechanisms pretending to describe inflation
and baryosynthesis. There are also many different candidates for the role of dark
matter particles. Unfortunately, the early Universe, when there were inflation and
baryosynthesis as well as dark matter was created, cannot be observed directly by
astronomical means. It is therefore necessary to develop a system of indirect meth-
ods of correct choices of variants associated with different cosmological scenarios
and models of elementary particles on which they are based. The set of elemen-
tary particles and quanta of their interaction represent the Lego of the Universe
for different sets we come to different pictures of the Universe, its evolution and
structure [3].

Thus the internal development of elementary particle physics requires cosmo-
logical verification of the principles of particle physics. On the other hand, this ap-
proach which lies in the area inaccessible by direct modern experimental methods,
was used to construct the physical principles of modern cosmology. The natural
result of this internal development of the frontiers of our knowledge at the largest
and smallest physical scales was their unification in the framework of cosmoparti-
cle physics, studying fundamental relationship of micro- and macro world.

3. Cosmophenomenology of very early Universe: from BSM physics to
BSM cosmology

The now standard cosmological model reproduces the main features of the ob-
served Universe - its global homogeneity, isotropy, baryon asymmetry, accelerated
expansion, formation of the large scale structure from small density fluctuations,
reflected in the observed anisotropy of the cosmic microwave background radiation
(CMB). In this picture BSM physics, supporting its necessary elements, can lead
to specific, model dependent features and one of such possibilities is related with
strong primordial inhomogeneities.
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8.1. Primordial Black holes

The standard model of cosmology assumes homogeneous and isotropic Uni-
verse, in which the observed structure of inhomogeneities arises from growth of
small primordial density fluctuations. It makes strong primordial inhomogeneities
a prominent tracer of BSM physics of very early Universe. Primordial Black Holes
(PBH) are the most popular example of this kind (see e.g. [4,5] for review and
references).

To form a black hole in the homogeneously expanding Universe the expansion
should stop in some region. It corresponds to a very strong inhomogeneity of the
cosmological expansion [6-8]. In the universe with equation of state

p=1e (1)
where the numerical factor « is in the range
0<~y<1, (2)

the probability to form a black hole is given by [9]

2
WppH X exp <—2252>> , (3)

where <62> < 1 is the amplitude of density fluctuations.

For relativistic equation of state (v = 1/3) the probability (3) is exponentially
small. It can be enhanced, if in the early Universe the amplitude of density fluctua-
tions was much larger, than in the period of galaxy formation. Another possibility
corresponds to much softer equation of state, corresponding to matter dominated
stage with v = 0.

Therefore PBH origin represents strong deviation from the Standard cosmo-
logical scenario. It may be related with early matter dominated stages, phase
transitions in the early Universe or non-flat features in the spectrum of primordial
density fluctuations. All these phenomena can be originated from BSM physics.

PBHs with mass M < 10'® g evaporate by the mechanism of Hawking [12,13].
This process is the universal process of production of any type of particles with
mass

m < Tevap = 1013 GeVL—g.

It can be the source of superweakly interacting particles, like gravitino [14] as
well as of fluxes of particles with energy much larger, than the thermal energy
of particles in the surrounding medium. It causes non equilibrium processes in
the hot Big Bang Universe, nonequilibrium cosmological nucleosynthesis [15], in
particular.

PBHs with mass M > 10*° g should survive to the present time and represent
a specific form of dark matter. The existing constraints on PBH contribution
into the total density [17] seem to exclude PBH dominance in the dark matter
density. However, as it was noticed in [16], PBH formation in clusters can strongly
influence these constraints and even the possibility of PBH dominant dark matter
is not excluded. It would make primordial nonhomogeneities in the form of PBHs
the dominant matter content of the modern nonhomogeneities.
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Mechanism of PBH cluster formation can be illustrated with the use of the
axion-like model, in which the first step of symmetry breaking at scale f takes
place on the inflationary stage [10,5]. Then at the second stage of the symmetry
breaking at T ~ A closed massive walls are formed so that the larger wall is
accompanied by a set of smaller walls. Their collapse form a PBH cluster, in
which the range of PBH masses M is determined by the model parameters f and
A [10,11]

m m m
R <M < Tmy (0 @)

Here the minimal mass is determined by the condition that the width of wall
doesn’t exceed its gravitational radius, while the upper limit comes from the con-
dition that the wall enters horizon, before it starts to dominate within it [11]. At
A < 100 MeV (my;/ f)l/ 2 the maximal mass exceeds 100M,g,;. Collapse of massive
walls to such black holes takes place at [10]

My Mpy
t> o+ A (5)

At A < 1GeV and f = 10 GeV it happens at ¢t > 0.1s, what can lead to
interesting observable consequences.

Closed wall collapse leads to primordial gravitational wave (GW) spectrum,
estimated as peaked at [1,2,10]

vo = 3 x 10" (A/f)Hz. (6)
Their predicted contribution to the total density can reach

Qaw ~ 1074(f/mp), (7)

being at f ~ 10'* GeV 2gw ~ 107°. For 1 < A < 108 GeV the maximum of the
spectrum corresponds to

3x107% < vy < 3 x 10° Hz, (8)

being in the range from tens to thousands of Hz a challenge for LIGO/VIRGO
grvitational wave searches and at smaller frequencies for future eLISA experiment.

Predictions for Gravitational wave signals from PBH coalescence in cluster
involve study of cluster evolution, which appears to be a rather nontrivial prob-
lem [16] and strongly depends on the period, when cluster separates from the
general expansion. If such separation takes place on the RD stage, cluster evolu-
tion can lead to rapid coalescence of PBHs within the cluster, accompanied with
evaporation of some of PBHs. Separation of cluster on MD stage would lead to
much slower evolution of the gravitationally bound system of PBHs, in which for-
mation of binaries of BH (BBH) and their coalescence would lead to observable
effects in gravitational wave (GW) detectors.

Being in cluster, PBHs with the masses of tens Mg form binaries much easier,
than in the case of their random distribution, as well as formation of such PBHs
in collapse of first stars is rather problematic. In this aspect detection of signals
from binary BH coalescence in the gravitational wave experiments [18-22] may be
considered as a positive evidence for this scenario [1,2,10]. Repeatedly detected
signals localized in the same place would provide successive support in its favor
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or exclusion [1,2,10,16,23]. The existing statistics is evidently not sufficient to
make any definite conclusion on this possibility. However, repeating detection of
four GW signals in the August of 2017 noted in GWTC catalog [24] may be an
interesting hint to such a possibility [1,2,10].

Primordial black holes reflect strong inhomogeneity of the energy density in
very early Universe. Their production is not a necessary consequence of all the
models of very early Universe and this model dependence provides a very sensitive
probe for BSM physics. On the other hand, the confirmation of PBH existence
will not only tighten the class of possible realistic BSM physics models, but will
be an inevitable evidence for BSM cosmology.

The same is true for the existence of antimatter objects in baryon asymmetric
Universe, which can reflect strong nonhomogeneity of the baryosynthesis.

8.2. Antimatter and Baryon Asymmetry

The baryon asymmetry of the Universe reflects the evident dominance of mat-
ter over antimatter in the visible part of the Universe. The set of astrophysical
data exclude completely equal amounts of matter and antimatter, however large
is the separation of matter and antimatter domains within the observed part of
the Universe. Indeed, at the border of such domains annihilation of nuclei and
antinuclei should lead to gamma radiation, which is severely constrained by the
observed gamma ray background.

However, these constraints still don’t exclude completely the existence of anti-
matter objects, which can be formed in antimatter domains in baryon asymmet-
ric Universe originated from the strongly nonhomogeneous baryosynthesis [25-31]
(see [11,4,30] for review and references).

If created, antimatter domains should survive in the surrounding matter to
the present time. It puts a lower limit on its size being in terms of its mass
about 103M,go; [27-29] that corresponds to a minimal mass of globular clusters.
If antimatter object is formed in our Galaxy, it should be the source of cosmic ray
antinuclei.

There are two principal possibilities for an antimatter object in our Galaxy.

The approach of [26,30-32] predicts compact dense objects with exotic prop-
erties, being dominantly the source of heavy antinuclei.

In the approach of [27-29] antimatter forms an antimatter globular cluster,
whose structure and evolution is similar to the globular cluster of matter stars.

However exotic, the hypothesis on antimatter globular cluster in our Galaxy [27]
doesn’t contradict observations, if the mass of the cluster doesn’t exceed the limit

M <10°M, 401 9)

Indeed, globular clusters belong to an old population of the Galaxy. They are
dominantly situated in halo, where matter gas density is low. Their gravitational
potentials are not sufficient to hold matter, lost by stars by stellar winds or super-
nova explosions.

In the case of antimatter cluster, it means that there is no antimatter gas
within it and matter gas that enters the cluster annihilates only on the surface
of antimatter stars. Taking into account low density of matter gas in halo and
relatively small surface on which it can annihilate, one can find with surprise that
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antimatter globular cluster should be a rather faint gamma ray source. The upper
limit (9) follows from the condition that the antimatter lost by antimatter stars
and polluting the Galaxy doesn’t cause overproduction of gamma ray background
from annihilation with the matter gas [27-29).

It was noted in [27-29] that cosmic antihelium flux may be a profound signature
for an antimatter globular cluster in our Galaxy. Symmetry in physics of matter
and antimatter would make antihelium-4 the second by abundance element of
antimatter. In addition to antihelium lost by antimatter stars its cosmic fluxes
can increase due to destruction of heavier antinuclei in their annihilation with
matter. Rough estimation of the expected antihelium flux as simply proportional
to the ratio of the mass of antimatter cluster to the total mass of the Galaxy
predicts that it should be within the reach by AMS02 experiment to 2024.

This prospect makes necessary to specify the predictions for the cosmic anti-
helium flux in more details and such analysis can be based on our knowledge of
properties of globular clusters. The nontrivial problem, which arises in this case,
is the prediction for the spectrum of cosmic ray flux originated from a single (an-
timatter GC) source, as well as proper treatment of formation of this flux and of
its propagation in the Galaxy.

There is some evidence for possible detection of cosmic antihelium-3 nuclei as
well as for some detected events that may correspond to antihelium-4 in AMSO02
experiment. Such events can hardly find natural astrophysical explanation [33] and
their confirmation would provide a strong evidence for existence of macroscopic
forms of antimatter in our Galaxy.

4. From WIMP miracle to Dark Matter reality
4.1 WIMP miracle and beyond

According to the now standard cosmological model, the dark matter, corre-
sponding to ~ 25% of the total cosmological density, is a new stable form of
nonbaryonic matter (see, e.g. Refs. [34-39] for review and reference). To support
development of gravitational instability from small initial density fluctuations,
dark matter should decouple from plasma and radiation at least before the be-
ginning of matter dominated stage. To satisfy these conditions, one can assume
some neutral sufficiently weakly interacting form of nonrelativistic matter. Here
sufficiently weak interaction should be considered in the cosmological sense. It
should provide decoupling of dark matter and in the conditions of a low density
cosmological plasma even nuclear strong interaction cannot prevent decoupling
from plasma and radiation.

During the last three decades Weakly Interacting Massive Particle (WIMP, see
for details, e.g. Refs. [34,35,39]) were most popular dark matter candidate owing
to its miraculous feature: if the mass of this particle is in the 100 GeV - 1 TeV
range, freezing out of primordial gas of these particles in early Universe naturally
leads to prediction of their modern density, explaining the dark matter.

The WIMP miracle was accompanied by the expectations of new physics phe-
nomena to be found at the LHC in this energy range. Such expectations were
dominantly related with necessity to explain the origin of the electroweak symme-
try breaking scale and to solve the problem of divergence of the Higgs boson mass.
Supersymmetry (SUSY) with the scale about 100 GeV - 1 could naturally provide
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solution for these problems and predicted existence of supersymmetric partners
of known particles with the mass, corresponding to this scale. accessible for their
search at the LHC. The lightest SUSY particle could be stable,neutral and have
the interaction cross section, typical for WIMPs.

SUSY WIMPs should penetrate the terrestrial matter and scatter on nuclei in
underground detectors. The strategy of direct WIMP searches implies detection
of recoil nuclei from this scattering (see for review e.g. [40]).

Production of WIMPS in collisions of ordinary particles should lead to effects of
missing mass and energy-momentum, being the challenge for experimental search
for production of dark matter candidates at accelerators, e.g. at the LHC. WIMPs
of the supersymmetric origin were expected to be associated with the Lightest
Supersymmetric particle (LSP) and their production at the LHC should have been
accompanied by discovery of the supersymmetric partners of ordinary particles.

However, in the lack of positive evidence for SUSY at the LHC and controversial
results of WIMP searches in the underground detectors a particle physics solution
for the dark matter problem can involve much wider class of models.

The list of dark matter candidates in these models extends to both strongly and
superweakly interacting particles with masses ranging from super low to super high
energy scales. Their list involves: axions and axion-like particles, sterile neutrinos,
new stable hadrons, mirror particles and many other examples of new forms of
matter, whose stability is supported by extension of SM symmetry (see, e.g. [39]
for review and references). Dark matter candidates can be macroscopic, like PBH
dark matter [16]. These candidates are elusive for direct or indirect methods of
WIMP searches. It implies more nontrivial methods to study their properties,
which involve all the possible aspects of dark matter physics.

In the case of SUSY scale, which is too high for direct experimental search, its
cosmological impact provides important indirect probes, in which effects of super-
symmetric partner of graviton, gravitino, are of special interest [41]. Gravitinos are
expected to be present in all local supersymmetric models. If gravitino is not LSS,
it is metastable and at the mass of few TeV decays after nucleosynthesis. It leads
to important modifications of the nucleosynthesis paradigm. High energy products
of gravitino decays interact with nuclei of the primordial plasma and give rise to
cascades of nonequilibrium nuclear processes. In particular, the antiprotons pro-
duced by the fragmentation of gluons emitted by decaying gravitinos are a source
of nonequilibrium light nuclei resulting from collisions of those antiprotons on
equilibrium nuclei [42-45,15]. Then, 6Li, "Li and “Be nuclei are produced by the
interactions of the non-equilibrium nuclear flux with “He equilibrium nuclei. To
compare these predictions with the observational data on the light element abun-
dance the precise information on the particle and nuclear interactions with nuclei
is needed. Therefore this approach, supported by its successive development [46,
47], reveals the importance of obtaining these nuclear data as the completion of
the missed link in the logical chain, by which cosmological consequences of particle
theory are related to their astrophysical probes.

In the extreme case Supersymmetry energy scale may be very high and super-
weakly interacting superheavy gravitino can become a viable candidate for dark
matter (see, e.g. [4] for review and references). The corresponding Supergavity
can provide physical framework for unification of all the four fundamental forces
of Nature, including gravity, as well as the physical basis for Starobinsky inflation,
but in this case the supersymmetry loses a possibility to solve the problems of
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divergence of Higgs boson mass and of the origin of the electroweak symmetry
breaking scale.

4.2 Cosmoparticle physics of composite dark matter

Direct searches for dark matter give puzzling results. The dark matter signal
detected by DAMA collaboration at high significance level is not confirmed by
other experiments that differ by strategy of searches and the content of detectors.
A review of the current experimental situation may be found in [48]. This apparent
contradiction comes from the analysis of the data in the terms of WIMPs and under
the assumption that nuclear recoils are the source of the signal in DAMA detector.

Starting from 2006 it was proposed [39,40,49-51] that the signal may be due
to a different source: if dark matter can bind to normal matter, the observations
could come from radiative capture of thermalized dark matter, and could depend
on the detector composition and temperature. This scenario naturally comes from
the consideration of composite dark matter. Indeed, one can imagine that dark
matter is the result of the existence of heavy negatively charged particles that
bind to primordial nuclei.

New particles with electric charge and/or strong interaction can form anoma-
lous atoms and be present in the ordinary matter as anomalous isotopes. Therefore,
stringent upper limits on anomalous isotopes, especially, on anomalous hydrogen
put severe constraints on the existence of new stable charged particles. In order
to avoid anomalous isotopes overproduction, stable particles with charge +1 (and
corresponding antiparticles), as well as with the odd charge +(2n —1) (where n is
integer) should be absent, so that stable negatively charged particles should have
even charge —2n only.

Indeed, positively charged particles form atoms of anomalous isotopes with
ordinary electrons, while negatively charged particles with even charge —(2n — 1)
can capture m nuclei of primordial helium after Big Bang Nucleosynthesis and
form +1 charged ion. Particles with even negative charge —2n, created in excess
over their antiparticles, bind with n nuclei of primordial helium in neutral strongly
interacting dark atoms.

Elementary particle frames for heavy stable —2n charged species are provided
by several models (see e.g. [39] for review and references). There are principally
two types of such species:

(a) They have no QCD interaction, i.e. are lepton like particles with no fixed
absolute value of the charge, which is constrained only by the condition of the
absence of anomalies [1,10,39,40,50].

(b) They are A like (UUU) clusters of new stable heavy U (anti)quarks with
strongly suppressed hadronic interaction [39,40,49,51].

In the models (a) any value of —2n charge is possible, while only double charged
O™~ are predicted in models (b).

The models (a) draw special attention due to their possible relationship with
composite Higgs models, proposed as the solutions for the SM problems of diver-
gence of Higgs boson mass and origin of electroweak symmetry breaking scale. In
such models, like in Walking Technicolor model (see, e.g. [1,10,50], the constituents
of composite Higgs are linked existence of exotic multiple-charged particles and in
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the context of dark atom model search for such particles acquires the meaning of
experimental probe for physics of Dark Universe.

Just after Big Bang Nucleosynthesis, when primordial helium is produced,
these particles are bound with helium nuclei. In the case (a) at n > 1 particles
with charge —2n bind with n helium nuclei in X-helium Thompson-like atoms.
In the case (b) all the O™~ are bound with helium nuclei in a Bohr atom-like
O-helium state, in which heavy lepton-like negatively charged core is surrounded
by a nuclear interacting helium shell.

Dark atoms can play the role of dark matter and explain the observed dark
matter density. Specifics of their nuclear interaction can explain positive results
of DAMA/Nal and DAMA/LIBRA experiments and negative results of other
groups [1,10]. Collisions of dark atoms in the center of Galaxy can lead to their
excitation with successive de-excitation by emission of electron-positron pairs. It
can explain the observed excess in positronium annihilation line in the galactic
bulge [1,57]. Such explanation is possible only for a limited range of mass of dark
atom constituents. In the case of O™~ this mass is in a narrow window around
1.3 TeV, challenging verification of this hypothesis in searches for stable double
charged particles at the LHC.

O-helium, being an a-particle with screened electric charge, can catalyze nu-
clear transformations, which can influence primordial light element abundance and
cause primordial heavy element formation. It is especially important for quantita-
tive estimation of role of dark atoms in Big Bang Nucleosynthesis and in stellar
evolution. Their constituents can form exotic isotopes and components of cosmic
rays. These effects need a special detailed and complicated study of dark atom
nuclear physics [10,58].

Combination of physical, astrophysical and cosmological effects of dark atoms
illustrates methods of cosmoparticle physics of Dark Universe.

4. Conclusion

The convergence of the frontiers of our knowledge in micro- and macro worlds
leads to the following wrong circle of problems: The theory of the Universe is based
on the predictions of particle theory, that need cosmology for their test. Cosmoparticle
physics [34,35,59,60] offers the way out of this wrong circle. It studies the fun-
damental basis and mutual relationship between micro-and macro-worlds in the
proper combination of physical, astrophysical and cosmological signatures.

The important aspects of this relationship arise in the problem of physics of
Dark Universe, which involves BSM particle models and is inevitably associated
with observable features, beyond the now standard cosmological paradigm.

Here we have concentrated on the extension of the SM of electroweak and
strong interactions of elementary particles. However, BSM physics can hardly avoid
modification of the general relativistic description of gravity. Such modifications
may be related with extra dimensions of space-time or additional types of space-
time symmetries, leading to new types of gravitational phenomena, reflected in
astrophysical objects (see [61-66]).

To conclude, even a brief sketch of possible links of cosmology and particle
physics shows how large may be the field of such studies. Our voyage to the physics
and cosmology of Dark Universe involved nontrivial features of new physics like
Primordial black holes, antimatter stars or dark atoms. It was aimed to give some
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Cosmology Particle physics

A

Cosmoparticle

physics

‘Pyramid in the circle’ — a multi-dimensional solution of the Ouroboros problem.

Fig. 1 Cosmoparticle physics provides nontrivial solution for the Ouroboros puzzle

flavor of methods of cosmoparticle physics, appealing to extensive and through
investigation of nontrivial aspects of the links that follow from fundamental rela-
tionship of micro- and macro-worlds.
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