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Abstract: It has been recently argued that numerous enigmatic observations remain chal-
lenging to explain within the framework of conventional physics. These anomalies include
unexpected correlations between temperature variations in the stratosphere, the total elec-
tron content of the Earth’s atmosphere, and earthquake activity on one hand and the
positions of planets on the other. Decades of collected data provide statistically significant
evidence for these observed correlations. These works suggest that these correlations arise
from strongly interacting “streaming invisible matter” which gets gravitationally focused
by the solar system bodies including the Earth’s inner mass distribution. Here, we propose
that some of these, as well as other anomalies, may be explained by rare yet energetic events
involving the so-called axion quark nuggets (AQNs) impacting the Earth. In other words,
we identify the “streaming invisible matter” conjectured in that works with AQNs, offering
a concrete microscopic mechanism to elucidate the observed correlations. It is important
to note that the AQN model was originally developed to address the observed similarity
between the dark matter and visible matter densities in the Universe, i.e., Qpym ~ Qyisibles
and not to explain the anomalies discussed here. Nonetheless, we support our proposal by
demonstrating that the intensity and spectral characteristics of AQN-induced events are
consistent with the aforementioned puzzling observations.

Keywords: axion quark nuggets; streams; invisible matter; Earth’s atmosphere;

gravitational focusing

1. Introduction

The title of this work juxtaposes two seemingly contradictory concepts: “strongly
interacting” and “dark matter” (DM). By definition, DM should decouple from baryons and
radiation to play its cosmological role. Therefore, DM was considered as something that
interacts feebly with normal matter and does not emit, absorb, or reflect light. Separately, it
has been recently argued in [1-3] that numerous enigmatic observations remain challenging
to explain within the framework of conventional physics. The goal of this study is to
reconcile this apparent contradiction by exploring the axion quark nugget (AQN) DM
model [4,5], which inherently behaves as a chameleon. AQNs are hypothetical very dense
and microscopically large composite objects with a mass on the order of grams and a sub-
micrometer size. They consist of a core of quarks/antiquarks in a color-superconducting
(CS) state surrounded by an electrosphere of positrons/electrons and enclosed by an axion
domain wall (see Figure 1 and Section 2 for more details). In diffuse environments, AQNs
act as conventional DM candidates with negligible interactions. Yet, in dense environments,
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such as when they interact with planets or stars, they become strongly interacting objects
capable of producing profound effects.

A growing number of puzzling observations present anomalies that defy conventional
physics interpretations. These anomalies include terrestrial phenomena like the unexpected
seasonal stratospheric temperature variations, ionospheric anomalies, and their correlations
with seismic activity, as well as solar phenomena like the coronal heating problem, the
origin of sunspots, and the trigger mechanism of the solar flares. The additional observation
of correlation patterns with the position of the solar system bodies further complicates their
interpretation [1-3,6,7]. Such phenomena challenge existing models of DM and atmospheric
or planetary dynamics, leaving an explanatory gap. The aforementioned works propose the
explanation of these anomalies through gravitational focusing by the solar system bodies
including the inner Earth’s mass distribution [8,9] of strongly interacting, invisible matter
in the form of streams. This work identifies such “invisible matter” as AQNs, providing a
specific microscopic mechanism that aligns with these observations.

The AQN model offers an explanation for these anomalies by unifying them under
a single framework. Unlike conventional DM candidates such as weakly interacting
massive particles (WIMPs)—which remain undetected despite extensive searches—the
AQN model introduces dense composite objects made of strongly interacting quark matter.
These objects satisfy cosmological constraints in diffuse environments while becoming
strongly interacting in dense conditions, potentially explaining the energy deposition
and correlations observed in Earth’s atmosphere and ionosphere. Moreover, if future,
more precise analyses (see, e.g., proposals [10-14]) confirm the puzzling observations
discussed above, it could provide extraordinary evidence revealing the true nature of
DM. This study demonstrates that the AQN framework can quantitatively account for
the observed phenomena while aligning with previously proposed explanations based on
gravitational focusing.

In summary, the implications of this study extend beyond resolving observational puz-
zles. If validated, the AQN model could address a deeper fundamental question in modern
cosmology—the nature of DM. By connecting astrophysical observations with terrestrial
anomalies, this work aims to provide critical insights into this long-standing mystery.

1.1. Observed Mysteries

Before presenting our arguments, we first highlight the mysterious properties of the
observations reported in [1-3,6]. These phenomena are challenging to interpret within
the framework of conventional astrophysical models. The key puzzles are summarized
as follows:

1.  Stratospheric temperature puzzle: Seasonal variations in the stratospheric tempera-
ture typically follow a smooth pattern, with a minimum in December and a maximum
in June, as measured at isobaric levels of 3 hPa, 2 hPa, and 1 hPa (corresponding
to altitudes of approximately 38.5 km, 42.5 km, and 47.5 km, respectively) in the
Northern Hemisphere (42.5° N, 13.5° E). However, an unexpected and striking tem-
perature peak consistently appears around December—January, as observed over a
33-year period (1986-2018). This anomaly, depicted in Figure 1 of [2], contradicts
the well-known annual modulation pattern of the conventional DM flux, which for
the Northern Hemisphere is expected to peak in June and reach its minimum in
December [15].

2. Solar non-correlation puzzle: Solar UV and EUV emissions are known to dominate
atmospheric dynamics and influence temperature variations. To rule out direct solar
irradiation as the cause of the temperature anomalies mentioned above, measurements
of the F10.7 radio line (~2.8 GHz), which is a proxy of solar activity, and solar EUV
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emissions were analyzed. These observations excluded solar activity as the primary
source of the anomalies, as illustrated in Figure 3 of [2].

3. Planetary correlation puzzle: Detailed analyses in [2] demonstrated significant corre-
lations between the stratospheric temperature fluctuations and planetary positions
(see Figures 3-8 of [2]). Additionally, a systematic test was performed, as shown in
Figure 9 of [2], revealing that daily stratospheric temperature variations of approx-
imately 1.2% could accumulate to as much as 43% when planetary positions were
accounted for, with 69% representing the theoretical maximum. This finding strongly
indicates that the temperature variations are not random but coherent effects linked
to planetary alignments.

4.  TEC puzzle: The total electron content (TEC) of the Earth’s atmosphere, which
measures ionization levels, also displays unexpected anomalies. Daily TEC measure-
ments from 1995 to 2012 reveal a pronounced planetary dependence, with a seasonal
difference between December and June as large as 20%. This deviation, shown in
Figure 12 of [1], cannot be explained by the Earth-Sun distance or seasonal effects, as
TEC values are averaged globally over the Earth’s surface for both hemispheres.

5. TEC-earthquake correlation puzzle: A strong correlation between global TEC anoma-
lies and the inner Earth’s seismic activity of magnitude M > 8 has been observed,
as shown in Figure 7 of [3,16] during the period 1995-2012. This correlation is par-
ticularly puzzling because the primary source of TEC anomalies—UV and EUV
photons—should, in principle, have no direct connection to seismic events originating
deep within the Earth’s interior.

These correlations appear highly anomalous and difficult to reconcile with conven-
tional physics. The conjecture proposed in [1-3,6] attributes these mysteries to “streaming
invisible matter” though without specifying its microscopic properties (e.g., mass, size,
interaction patterns, or coupling constants).

1.2. Normalization Factors

The analysis in [1-3,6] established two key benchmarks for understanding these phe-
nomena. First of all, the energy required to explain the observed stratospheric temperature
anomalies has been estimated as [2]

o \4
[Energy deposition] ~ (0.1 —1) 2 (1)

Secondly, the flux enhancement factor A(t) for the “streaming invisible matter”, rel-
ative to the canonical DM flux in the Standard Halo Model (SHM) of ~0.45GeV /cm?, is
challenging to extract from observations. This difficulty arises from the complex interplay
of several unknown factors, such as the velocity distribution of the “streaming invisible
matter” and its dependence on planetary positions including its actual interaction strength
with normal matter. Additionally, the accumulation history of such matter over billions of
years within the solar system could have significantly altered the structure and dynamics
of these streams by the present time. Our normalization for the canonical SHM framework
corresponds to A = 1. From [11] we quote below A(t) ~ 10, which corresponds to the
flux enhancement by the Moon towards the Earth. However, it could locally and temporar-
ily reach much larger values, ideally up to 108 or even much more following combined
gravitational focusing effects [8,9].

[DM Flux Enhancement] : A(t) ~ 10%. 2)
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1.3. The AQN Hypothesis

In this work, we propose a specific microscopic mechanism that fits in as an expla-
nation for all the profound and mysterious correlations discussed earlier, in items 1-5,
within a unified framework. This framework relies on the AQN model, with the same set
of parameters fixed by observations in entirely different contexts. The ability of AQNs to
produce such strong effects arises from their unique construction: these DM candidates
are composed of strongly interacting quarks and gluons—identical to the constituents of
conventional visible matter in quantum chromodynamics (QCD).

From a cosmological perspective, DM and ordinary matter exhibit a fundamental
difference aside from their “visibility”. DM played a crucial role in the formation of the
large-scale structure of the Universe. Without DM, the Universe would have remained too
uniform to form galaxies and other cosmic structures. Ordinary matter alone could not
produce sufficient fluctuations, as it remained tightly coupled to radiation until relatively
recent epochs, preventing clustering. A key parameter governing DM’s behavior in the
Universe is the ratio of the interaction cross-section ¢ to mass Mpy;, which must remain
sufficiently small to satisfy cosmological constraints, see, e.g., recent review [17]:

< 1— 3)

WIMPs satisfy this criterion due to their extremely small cross-section ¢ for typical
masses Mwivp € (102—103) GeV. However, after dominating theoretical and experimental
DM research for over four decades, the WIMP paradigm has failed. Despite significant
improvements in detector sensitivity, no traces of WIMPs have been found, prompting the
exploration of alternative DM models.

In this work, we consider a fundamentally different type of DM in the form of dense,
macroscopically large composite objects known as AQNSs. These objects, first introduced
in [4], share similarities with Witten’s quark nuggets [18-20] but exhibit unique properties.
AQNs behave as chameleons: in dilute environments, they are effectively non-interacting,
satisfying the condition from Equation (3) during the structure formation of the Universe,
with 0/ Maon S 10’10(:m2g’l (see Equation (4)). In contrast, when AQNs encounter
dense environments such as planets or stars, they interact strongly with ordinary matter,
producing observable effects.

The AQN model was originally developed [4] to address the observed similarity
between the DM and visible matter densities in the Universe, Qpy ~ Qyigiple- 1ts motivation
can be summarized as follows: it is commonly assumed that the Universe began with a
symmetric state of zero net baryonic charge, which evolved into a baryon-asymmetric state
via a baryogenesis process involving baryon number violation, non-equilibrium dynamics,
and CP violation. In contrast, the AQN framework posits that baryogenesis is instead a
charge segregation process rather than charge generation, where the global baryon number
of the Universe remains zero at all times.

A key distinction between the AQN model and Witten’s quark nuggets [18-20] is
that AQNs can consist of both matter and antimatter, formed during the QCD phase
transition as a result of this charge segregation process (see Section 2.1 for more details).
This antimatter component implies the existence of rare but profound annihilation events
when antimatter AQNs collide with ordinary matter (see estimates in Section 2). The claim
of the present work is that these events could naturally account for the energy deposition
from Equation (1) that is required to explain, for example, the stratospheric temperature
anomalies observed in [2].

The anomalous observations listed in items 1-5 are not the only mysteries that may
be associated with DM streams. Other unusual and poorly understood phenomena, such
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as cosmic-ray-like events, might also be explained within the AQN framework. Here are
some examples:

*  The Telescope Array (TA) collaboration [21,22] reported mysterious bursts where
multiple air showers occurred within 1 ms, defying explanation by conventional
high-energy cosmic rays (CRs). These bursts can be interpreted as AQN-induced
events [23].

*  Similar “exotic events” recorded by the AUGER collaboration [24-26] are also consis-
tent with the AQN hypothesis [27].

*  The ANITA experiment detected two anomalous upward-propagating events with
non-inverted polarity [28,29], which can also be explained via the AQN frame-
work [30].

¢  The list of anomalous atmospheric events also includes the Multi-Modal Clustering
Events observed by HORIZON 10T [31,32]. These are very hard to understand in
terms of the conventional CR events but could be interpreted in terms of the AQN
annihilation events in the atmosphere as argued in [33].

Additionally, AQNs may generate acoustic and seismic signals [34] that could be, in
principle, recorded if several dedicated instruments are present in the area. For example,
a powerful seismic and atmospheric event (a so-called “sky-quake”) was recorded in the
infrasound frequency band by the Elginfield Infrasound Array (ELFO) and attributed to
an AQN-induced phenomenon [34]. While exceptionally powerful events like this are
rare, they underscore the potential for AQNs to explain a wide range of terrestrial and
atmospheric anomalies.

This study focuses specifically on the anomalies listed in items 1-5, as these exhibit
clear correlations with planetary positions and represent decades of data collected across
the Earth’s surface. In contrast, other anomalies, such as cosmic-ray-like events, are
less statistically significant due to limited detection areas and event frequencies, making
planetary correlations more challenging to identify.

This paper is organized as follows. In Section 2, we provide a brief overview of the
AQN framework, emphasizing the key elements that are most relevant to the present
study. In Section 3, we outline our hypothesis, identifying the “streaming invisible matter”
proposed in [1-3,6] as DM particles in the form of AQNSs. Section 4 examines our proposal
in the context of the mysterious and puzzling observations summarized in items 1-5
above. We demonstrate how these observations can be naturally explained within the AQN
framework, presenting an explicit microscopic model capable of accounting for the reported
correlations from [1-3,6]. Finally, in Section 5, we summarize our findings and propose
specific tests that could validate or refute our hypothesis. Additionally, we highlight other
intriguing, unexplained phenomena at various scales—from the early Universe to the solar
system—that may also be connected to DM in the form of AQNs.

2. The AQN DM Model

In this section, we provide an overview of the AQN DM model. Section 2.1 introduces
the fundamental principles underlying the AQN framework, while Section 2.2 highlights
specific features of AQNs relevant to the present study.

2.1. The Basics

As mentioned earlier, the AQN construction shares similarities with Witten’s quark
nugget model [18-20]. Both models propose DM candidates that are “cosmologically dark”
due to the small ratio in Equation (3). This small ratio suppresses observable consequences
of an otherwise strongly interacting DM candidate in the form of the AQN nuggets.
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Indeed, for typical AQN parameters, the relevant ratio assumes the following numeri-
cal value [5]:

2
—~ 10_10cm2g_1, (4)

where R is the nugget’s size and My is its mass. For this estimate, we use the typical
parameters for AQNs provided in Table 1. This value satisfies the cosmological constraint
from Equation (3) while allowing AQN to behave as a viable DM candidate.

A critical feature of AQNss is their flux, which determines the frequency of interactions
and underpins the observable effects discussed earlier (items 1-5). The flux can be estimated
as [35] s

ad O 1 vents
AT :4-102<<(;> 7;.km2, (5)
@
where Rg = 6371 km is the Earth’s radius, (B) is the average baryon charge of AQNs
(discussed below), and @ is the total hit rate of AQNs on Earth [35]:

qm2-107( DM )( UAQN )1025
yr \0.3GeVem—3/\220kms—1/\ (B) }’

where ppys is the local DM density in the SHM and vpqy is the AQN velocity. In the
“invisible stream” hypothesis, the rate (5) has to be multiplied with the factor A(t), as
defined in Equation (2). Similar flux estimates also apply to Witten’s quark nuggets [18-20].

Despite these similarities, the AQN model introduces several key elements that address
the limitations of earlier constructions [18-20]:

*  Matter and antimatter composition: Unlike the original quark nugget model, AQNs
can consist of both matter and antimatter, formed during the QCD phase transition.
This property enables rare but significant annihilation events when antimatter AQNs
interact with ordinary matter, producing observable signatures.

*  Axion domain walls: The AQN model incorporates axion domain walls formed during
the QCD transition. These domain walls act as stabilizing structures, alleviating the
need for a first-order phase transition as in the original Witten’s model. The axion
domain wall effectively “squeezes” the nugget, providing additional stabilization
absent in earlier models.

*  Vacuum energy: In AQNs, the vacuum ground state energies inside the nugget (CS
phase) differ significantly from outside the nugget (hadronic phase). This disparity
enables the coexistence of these two phases only under external pressure, provided
by the axion domain wall. This mechanism prevents nugget evaporation on the
Hubble time scale, which was a key issue in Witten’s original model [18-20] which
was assumed to be stable at zero external pressure.

¢ Energy transfer: Another pivotal difference between the AQN framework and Witten’s
model lies in the energy transfer to the surrounding material. For Witten’s nuggets, the
maximum energy transfer is constrained by the relatively low DM velocity is ~10~3c,
limiting the energy transfer to m,v%/2 ~ 10~°m,c? per baryon charge of the nugget.
In the AQN model, the available energy due to matter-antimatter annihilation can be
as high as 2m,c? ~ 2 GeV per baryon charge. This stark contrast in energy transfer
dramatically alters the search strategies for such DM candidates, making AQNs far
more observable through their energetic interactions.

*  Cosmological density problem and baryon asymmetry: The AQN model inherently
addresses the cosmological density problem by linking the DM density Qpy (rep-
resented by matter and antimatter nuggets) and the visible matter density Qyigiple-
Both densities are proportional to the same fundamental dimensional parameter of
the theory, Aqcp. Consequently, the model naturally predicts Opn ~ Qyigible Without



Symmetry 2025,17,79

7 of 19

requiring fine-tuning or additional parameters. By construction, the AQN framework
resolves two fundamental problems in cosmology: the nature of DM and the baryon
asymmetry of the Universe. The formation of AQNSs, the generation of baryon asym-
metry, and the survival pattern of the nuggets through the hostile environment of the
early Universe have been extensively studied in [36-39]. These works provide detailed
insights into how AQNs form during the QCD phase transition, remain stable, and
contribute to the observed cosmological densities.

By addressing these limitations and incorporating unique features, the AQN model
not only provides a robust DM candidate but also aligns naturally with fundamental
cosmological observations.

Table 1. Basic properties of the AQNs adopted from [34]. The parameter « is introduced to account
for possible deviations from the geometric value 7tR? as a result of the ionization of the AQNs
due to interaction with the environment. The ratio AB/B < 1 implies that only a small portion
AB of the total (anti)baryon charge B hidden in the form of the AQNs gets annihilated during big
bang nucleosynthesis (BBN), Cosmic Microwave Background (CMB), or post-recombination epochs
(including the galaxy and star formation), while the dominant portion of the baryon charge survives
until the present time.

Property Typical Value or Feature
AQN’s mass [My] My ~ 16 g (B/10%) [5]
Baryon charge constraints [B] B >3-10% [5]
Annihilation cross section [0] o~ kmR? ~15-10"%cm? - k(R/2.2 - 10 5cm)?
Density of AQNs [1naoN] nagN ~ 0.3-1072em3(10%°/B) [5]
Survival pattern during BBN AB/B < 1[40-43]
Survival pattern during CMB AB/B < 1[40,42,44]

Survival pattern during

post-recombination AB/B < 1[3]

The strongest direct detection limit (non-detection of etching tracks in ancient mica pro-
vides an additional indirect constraint on the flux of DM nuggets with mass M > 55 g [45];
however, this constraint assumes a uniform nugget mass, which does not apply to the AQN
model) is set by the IceCube observatory, as detailed in Appendix A of [35]:

(B) >3-10** [direct (non)detection constraint]. (6)

This constraint is based on the non-detection of macroscopic DM nuggets by IceCube,
with an effective surface area of ~km? during its 10 years of operation. The estimate in
Equation (6) assumes a 100% detection efficiency for macroscopically large nuggets, ruling
out AQNs with baryon charges (B) < 3-10?* at a confidence level of approximately 3.5¢.

In [42], a broader set of constraints on antimatter nuggets was considered, without
incorporating the specific features of the AQN model, such as the CS phase of the quark
matter in the nugget core (see [46] for an overview of the CS phases). While the constraints
in Equation (6) align with the findings from [42], including those based on CMB and
BBN data, they differ regarding the so-called “Human Detectors”. As argued in [47], the
estimates for “Human Detectors” in [42] are oversimplified and lack the robustness of
constraints derived from CMB or BBN data.

The internal structure of AQNSs, depicted in Figure 1, is critical to understanding
their interactions and energy release mechanisms. Finally, Table 1 summarizes the basic
properties and parameters of AQNSs. It is noted that a key feature of the AQN model is
that only a small fraction, AB < B, of the total (anti)baryon charge B hidden in the form of
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AQN:Ss is annihilated over the Universe’s long evolution, while the dominant portion of the
baryon charge survives until the present time.

AQN structure
axion domain wall
Rpw ~ mgl

QCD-DW
substructure
Rqep ~ Agep

electro-sphere

qq — 2 GeV>
encrgy  thermalization
(=2 -

Fermi pressure (o)
R~ 10 %cm

ion Domain
bremsstrahlung radiation wall pressure

Figure 1. AQN structure (not to scale), adopted from [27]. The dominant portion of the energy
~2 GeV produced as a result of a single annihilation process inside the antinugget is released in the
form of bremsstrahlung radiation with frequencies w < T. See the main text for detailed explanations.

2.2. When the AQNs Hit the Earth

In the context of the present work, the most relevant studies concern the effects that
may occur when AQNs composed of antimatter propagate through environments with
sufficiently high visible matter density n(r), such as the Earth’s atmosphere or its deep
interior. In these regions, annihilation processes are triggered, releasing a significant amount
of energy into the surrounding material, which can manifest in various observable ways.

The interaction of AQNs with visible matter was initially studied in [48] in the context
of a galactic environment with a typical baryon density of ng,jaxy ~ cm~3. Here, we
extend these computations to account for the higher-density environments of the Earth’s
atmosphere and interior, incorporating additional elements relevant to these cases.

When an AQN enters a region with baryon density n, annihilation processes begin,
causing its internal temperature T to rise. The internal temperature T can be estimated
from the condition that the radiative energy output balances the energy flux deposited onto
the nugget:

Fiot(T)(471R?) ~ x - (TR?) - (2GeV) - - vaoN, @)

where 7 is the baryon number density of the surrounding material, Fot(T) is the total
surface emissivity of the nugget (see Equation (8)), x is a factor accounting for theoretical
uncertainties in the annihilation processes of the (antimatter) AQN colliding with sur-
rounding material, and voqQy is the velocity of the AQN. The left-hand side of Equation (7)
represents the total radiative energy emitted per unit time from the nugget’s surface,
while the right-hand side accounts for the rate of annihilation events, with each successful
annihilation event of a single baryon charge producing ~2m,c* ~ 2 GeV energy.

The total surface emissivity of an AQN due to bremsstrahlung radiation from its
electrosphere at temperature T was calculated in [48] and is given by

Fiot = — v =, (8)
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where a =~ 1/137 is the fine structure constant, m = 511 keV is the mass of electron, and T is
the internal temperature of the AQN. Notably, the radiation emitted from the electrosphere
is non-thermal and differs significantly from blackbody radiation. The bremsstrahlung
spectrum has unique characteristics that can help distinguish AQN interactions from other
sources of energy release. It is noted that the thermal properties presented above were
originally applied to the study of the emission from AQNs from the Galactic Center, where
a nugget’s internal temperature is very low, T ~ eV.

When AQNs propagate through the Earth’s atmosphere, their internal temperature
begins to rise, reaching approximately ~40 keV. As the AQNs penetrate the Earth’s surface
and travel toward its center, the much higher density of the Earth’s interior causes the
internal temperature to increase further, up to ~400 keV. These temperature estimates can
be derived using Equations (7) and (8):

Sis

4
K17

Matmosphere
Tatmosphere ~ 40keV- (

1021 em—3

i

4
Moo &
Tinterior ~ 400 keV - (ﬁ%)l K

©)

For the purposes of this study, we adopt T =~ 400 keV as the benchmark temperature
for AQNss exiting the Earth’s surface in the upward direction.

Another key parameter for this analysis is the specific heat, cy, which determines the
total energy accumulated by an AQN during its passage through the Earth’s interior. This
energy is primarily a function of the exit temperature, T, and cy. The specific heat depends
on the CS phase of the quark matter inside the nugget, with different CS phases yielding
distinct expressions for cy. In the simplest two-flavor superconducting phase (2SC), the
specific heat is given by [46]

1
cv = ST(ug+ pi), (10)

where i, and 4 are the chemical potentials for up and down quarks, respectively, in the
CS phase. These chemical potentials are approximately y;, ~ p; ~ 500 MeV, consistent
with earlier studies of the typical value of the AQN'’s chemical potential at the moment [39].
For our numerical analysis, we use Equation (10) to estimate cy .

The AQN framework, using the same set of parameters applied in this study, has the
potential to explain numerous puzzling observations that remain unresolved by conven-
tional astrophysical models. Many of these phenomena, observed on Earth, are highlighted
at Section 1.1. Additionally, the AQN model could offer possible explanations for enig-
matic observations across vastly different scales and cosmological epochs. These include
events during the BBN epoch, the dark ages, as well as interactions in galactic and solar
environments. Further details and references can be found in the concluding Section 5.2.

3. Energy Deposition in the Earth’s Atmosphere by AQNs

Our objective is to propose that the mysterious correlations (items 1-5) introduced
earlier can be explained within the AQN framework. Specifically, we argue that these
correlations arise from AQNSs depositing enormous amounts of energy into the Earth’s
atmosphere during their propagation.

To frame this argument, we distinguish between two categories of (antimatter) AQNs
contributing to these effects:

1.  Downward-moving AQNs: These nuggets propagate from space into the Earth’s atmo-
sphere, reaching typical internal temperatures of Toimosphere ~ 40 keV as they interact
with the atmospheric material.
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2. Upward-moving AQNs: These nuggets traverse the Earth, exiting through the sur-
face. Due to the higher density of the Earth’s interior, their temperatures increase
significantly, reaching Tinterior ~ 400 keV (as per Equation (9)).

Our focus below is on the upward-moving AQNs with the highest possible tempera-
tures, as these contribute the most energy.

Using the expression for specific heat, cy, from Equation (10), we estimate the total
energy accumulated by a single AQN during its passage through the Earth’s interior.
Assuming T ~ 400 keV as the characteristic temperature, we find that the most of this
energy in Equation (11) is released into the surrounding atmospheric material almost
immediately after the nugget exits the Earth’s surface. The rapid cooling rate described by
Equation (8), even when some suppression due to ionization of the nugget itself is taken
into account, ensures that the majority of this energy is deposited within the first 0.1-0.2 s.
This implies that the dominant portion of the energy from Equation (11) will be deposited
at altitudes below zg ~ 50 km assuming the typical DM velocity of ~250 km/s; while
AQNs continue to emit radiation after leaving the atmosphere, the intensity diminishes
significantly compared to their initial upward movement):

Eaqn(T) = G 3 (11)

ooy (T 2.( fu_Y?
400 keV 500 MeV / °

To estimate the total energy deposited by all AQNs hitting the Earth, we multiply the
event rate from Equation (5) by the energy deposited per single event from Equation (11):

dE._01W [A(H)Y T \? 12
dtdA ~ m?2 104 400keV ) ’

where A(t) is the enhancement factor defined in Equation (2), accounting for the “streaming

T2 2 2 3
/CvdT% (Vd+.z’lu) 47tR

Q

invisible matter” hypothesis. This factor plays a central role in the proposal, as it reflects
deviations from the SHM for local DM behavior, as discussed in [1-3,6].

Taking Equation (12) at face value while assuming the parameter A(t) having the value
from Equation (2), we find that the estimated energy deposition rate, ~0.1 W/m?, aligns
well with the observational constraint in Equation (1), which in turn was derived from the
mysterious observations (items 1-5). Therefore, this numerical consistency strengthens the
plausibility of our conjecture.

Encouraged by this numerical result, we propose the following identification:

“streaming invisible matter” = [AQNs], (13)

This equivalence suggests that the mysterious “streaming invisible matter” conjectured
in [1-3,6] corresponds to AQNSs. In other words, we offer a microscopic mechanism capable
of explaining the puzzling observations (items 1-5).

In Section 4, we present several arguments demonstrating that the proposal in
Equation (13) is indeed consistent with the observed anomalies as reported in [1-3,6].

4. Proposal (13) Confronts the Observations

The main objective of this section is to demonstrate that the mysterious puzzles
introduced in Section 1.1 are naturally and qualitatively resolved within the framework of
the proposal (13). We address each puzzle in the same order as presented earlier.
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4.1. Puzzle 1: Stratospheric Temperature Variations

The striking temperature peaks observed annually in December—January at altitudes of
38-47 km (see Figure 1 in [2]) present a significant anomaly superimposed on the otherwise
smooth seasonal variations (see item 1). Additionally, these variations, which cannot be
produced by any known phenomenon intrinsic to the atmosphere, become less pronounced
at lower and higher atmospheric regions.

Within the AQN framework proposed in (13), this pattern emerges naturally. Upward-
moving AQNs lose their accumulated heat as they propagate through the atmosphere.
Consequently, their internal temperature and the rate of energy deposition decrease signifi-
cantly at higher altitudes, as explained in Section 2.2.

At lower altitudes, while the energy deposition is much higher due to the increased air
density n(z) ~ (—z/h), the temperature change AT (z ~ 0) is less pronounced because the
denser air distributes the deposited energy more efficiently. Assuming the energy injection
is uniform along the AQN'’s path up to a cutoff altitude z < 50 km and that the spectral
features of the radiation are approximately the same while the thermalization processes are
consistent across altitudes, this relationship can be qualitatively expressed as

AT(z = 0) « AT(z) exp (f%), h ~ 8km, (14)
where AT (z ~ 0) represents the temperature change at sea level. This equation indicates
that, for the same energy deposition, temperature variations AT are less pronounced at
lower altitudes due to the denser atmosphere.

While the above mechanism explains the altitude dependence qualitatively, there are
additional effects that influence the AQNs’ behavior. For instance, AQNs’ temperature
will increase due to annihilation processes in the atmosphere. This additional heating is
stronger at lower altitudes where the density # is higher (see Equation (9)). However, this
contribution is expected to be much smaller than the energy in Equation (11) accumulated
by AQNs during their passage through the Earth’s interior. Thus, while the expected sharp
dependence on altitude z < zg described by Equation (14) will be considerably reduced,
the overall trend should remain valid qualitatively. The reduced temperature effect at
lower altitudes and the diminished energy deposition at higher altitudes together naturally
reproduce the observed patterns.

4.2. Puzzle 2: Solar Non-Correlation

The second puzzle (see item 2) concerns the lack of correlation between the observed
AT variations and solar activity. Given the Sun’s dominant role in driving Earth’s atmo-
spheric dynamics, it is natural to suspect it as the source of the observed temperature
anomalies. However, as [2,6] shows, this correlation is absent. Within the AQN framework,
this non-correlation is naturally resolved. AQNs, as DM particles, are independent of solar
activity and their interactions with the Earth’s atmosphere are unaffected by variations in
solar irradiation. Consequently, the lack of a connection between AT variations and solar
activity follows directly from the AQN hypothesis.

4.3. Puzzle 3: Planetary Correlation

The third puzzle (see item 3) is a central element of the analysis in [2], which identified
anomalous correlations between planetary positions and temperature variations. Within
our framework, the conjecture from Equation (13) provides a natural explanation by
identifying the “streaming invisible matter” proposed in [2] with slow-moving AQN DM
particles. The AQNSs satisfy the condition from Equation (3) for DM candidates and are
capable of generating substantial energy deposition, as shown in Equation (12). Moreover,
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due to their slow speed, streaming AQNs are subject to gravitational lensing, making them
ideal candidates for the hypothesized “streaming invisible matter” responsible for the
planetary correlations observed in [2,6].

4.4. Puzzle 4: TEC

The fourth puzzle (see item 4) involves anomalies in the ionization of the Earth’s entire
atmosphere (i.e., mainly its ionosphere) which plays the role of a huge detector measuring
the TEC. The observed correlations between TEC and planetary positions [1] are naturally
explained within the AQN framework if accepting Equation (13).

As AQNs propagate through the stratosphere, they cool down while they emit
energetic photons, predominantly in the EUV and X-ray frequency bands, due to
bremsstrahlung radiation from the electrosphere being very flat for w < T [48]. These
photons play two key roles. First, they contribute to local temperature increases along the
AQN path as a result of thermalization, addressing Puzzle 1. Secondly, the same AQN-
induced EUV and X-ray photons will ionize the neutral atoms and molecules when an
AOQN propagates in the atmosphere, therefore contributing to TEC. Thus, the observed TEC
variations arise from the same AQN-induced flux that drives the temperature anomalies,
with both phenomena sharing a common origin in the energy deposition described by
Equation (12).

Furthermore, the AQN-induced spectrum is dominated by EUV and X-ray radiation
with the intensity from Equation (12) being more than sufficient to explain TEC anomalies.
Variations of similar or even lower intensity in these frequency bands are known to drive
TEC changes during the conventional 11-year solar cycles. Therefore, within the AQN
framework, AT and TEC must exhibit correlated planetary dependence, consistent with
the observations in [2].

4.5. Puzzle 5: TEC—Earthquake Correlation

The fifth puzzle (see item 5) is particularly enigmatic as it involves observed cor-
relations between TEC variations in the ionosphere and large earthquakes originating
deep within the Earth’s interior. Establishing a connection between these phenomena is
challenging, as electromagnetic (EM) radiation, which drives TEC, has minimal coupling
to acoustic disturbances capable of triggering earthquakes. The energy deposition from
AQNs (Equation (12)), though significant, is four orders of magnitude smaller than the solar
constant (~1400 W /m?), representing the power we continuously receive on Earth from
the Sun, which does not generate similar correlations with earthquakes. However, insights
can be gained by examining analogous correlations between solar flares and sunquakes.

4.5.1. Lessons from the Observed Correlation of Solar Flares and Sunquakes

It has been established that sunquake events are well correlated with hard X-ray
emissions during the impulsive phase of solar flares. Conventional explanations suggest
that flare energy, released in the corona, drives acoustic disturbances in the solar interior
near the photosphere. However, this mechanism requires an energy propagation across nine
pressure-scale heights, a process that is difficult to reconcile with standard astrophysical
models [49,50].

The study in [49] hypothesize that “the energy is transported downwards in a fashion
that is somehow invisible to our observations”. This observation aligns naturally with the
AQN framework proposed in [51], where AQNs are hypothesized to trigger both solar
flares and sunquakes. Specifically, they can first initiate the large solar flares in the solar
corona, and secondly, since they can easily propagate downwards and penetrate to very
deep regions of the solar photosphere, they can play the role of the triggers initiating the
sunquakes in the photosphere.
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In the AQN model, nuggets entering the solar atmosphere possess high velocities
(vaon ~ 700 km/s) and large Mach numbers (M = UAC% 2 10). This generates strong
shock waves, with discontinuities in temperature and pressure scaling as [51]

P2 2 27 T » 2y(y—1)
P2 a2 BN Y el AN 15
n G+ T (y+1)2 15

where v = 5/3 is the specific heat ratio and the leading M? >> 1 terms are kept. These
relations imply that strong shock waves, driven by AQNs with M >> 1, can trigger localized
disturbances deep within the dense region of the photosphere, igniting sunquakes. This is
because the shock wave generated due to the large Mach number may produce a single,
highly localized increase in the temperature AT /T > 1 and pressure Ap/p > 1 deep in
the atmosphere where the sunquakes originate.

This mechanism also explains why sunquakes are localized within flaring regions: the
disturbance is directly tied to the AQN’s entry point in the photosphere, not the overall
flare energy. Furthermore, large Mach numbers M >> 1 do not guarantee that a large flare
will be developed. The AQN must enter the active region with strong magnetic fields, in
which case a large flare indeed can then be ignited by the AQNs [51]. In regions of quiet
Sun, AQNs deposit energy as EUV and X-ray radiation without triggering large flares, as
the area being hit must satisfy certain conditions to ignite a large solar flare. For example, a
necessary, but not sufficient condition is the presence of a large magnetic field in the active
region such that the magnetic reconnection may become operational.

4.5.2. On the Puzzling Correlations Between TEC and Earthquakes

We now can address the observed correlation between TEC variations in the iono-
sphere and large earthquakes from a microscopical perspective. The key insight lies in the
Mach number of AQNs moving beneath the Earth’s surface, which we estimate as

UAQN - 250 km/s
s 8km/s

M

~ 30> 1, (16)

where we assume the speed of sound in solid rock is approximately 8 km/s. This large
Mach number implies that, similar to the Sun’s case mentioned before, shock waves will
inevitably form as AQNs propagate through the Earth’s interior (whether through water or
solid rock). These shock waves generate discontinuities in temperature AT /T and pressure
Ap/p along the AQN’s path that will be numerically enormously large.

For example, the overpressure generated by the blast wave in solid rock has been
estimated at Ap ~ 107 Pa [34]. If an AQN traverses a seismically active region, it can
serve as a trigger for a large earthquake. It is well-known that earthquakes can be induced
by human activities such as nuclear tests. Similarly, an AQN—by generating significant
overpressure along its trajectory—can initiate an earthquake in regions where only a “small
push” is required to trigger a major event.

This mechanism closely parallels the role of AQNs in initiating solar flares and sun-
quakes (discussed in Section 4.5.1). In both cases, the AQN acts as a trigger, initiating a
much larger event powered by the internal physics of the medium (the Earth’s crust or the
Sun) rather than the AQN itself.

Therefore, the correlation between TEC variations and earthquake rates, as reported
in [3,16], arises naturally within the AQN framework because both phenomena are linked to
the same AQNSs traversing the Earth and its atmosphere. Both phenomena are thus propor-
tional to the AQN event rate (Equation (5)) and the energy deposition rate (Equation (12)),
with the enhancement factor A(f) (Equation (2)) playing a critical role. As A(t) increases
spatiotemporally due to gravitational focusing by the solar system bodies, reflecting the
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flux of “streaming invisible matter”, the rates of both TEC variations and earthquakes are
expected to rise.

It is important to emphasize that, in this framework, AQNs act as triggers for earth-
quakes rather than TEC variations directly influencing seismic activity. This mirrors the
observed correlations between sunquakes and flares in the Sun (Section 4.5.1), where both
phenomena are initiated by the same AQN. In the case of the Sun, such correlations are
easier to observe because flares and sunquakes are short-lived (lasting only hours) and well
localized in space, making their relationship straightforward to establish. On Earth, the
correlations between TEC and earthquakes are more challenging to study due to the longer
timescales and broader spatial extent of seismic events.

In conclusion, the puzzles introduced in Section 1.1 appear far less mysterious when
viewed through the lens of the AQN framework. Instead, they emerge as natural conse-
quences of the same underlying mechanism. In the next section, we discuss possible tests
of this framework and propose experiments to evaluate the specific conjecture (13).

5. Conclusions and Outlook

The presence of antimatter nuggets in the AQN framework implies an abundance of
observable effects across a wide range of scales, from the early Universe to galactic struc-
tures, the Sun, and terrestrial phenomena. As discussed in Section 2, the antimatter nuggets
naturally arise as a resolution to the long-standing puzzle of the near-equal densities of
visible matter and DM, Qpnm ~ Qyisible- This remarkable feature is rooted in the dynamics
of the C’P-violating axion field during the QCD formation period.

In this work, we focused on the implications of AQN annihilation events for resolving
the mysterious puzzles 1-5 by proposing specific mechanisms to explain these phenomena,
supported by observational data. In the following subsections, we discuss potential tests for
our proposal and outline broader implications of the AQN framework for puzzles across
different scales.

5.1. Possible Tests of the Proposal

The AQN framework offers a promising microscopical mechanism to explain the
observed correlations and anomalies discussed in Section 1.1. A key feature of these
studies is that large-scale regions of the Earth, including the stratosphere, ionosphere, and
seismically active zones, effectively act as “natural detectors” for AQN-induced events.
However, dedicated instruments are essential for direct detection and validation of this
fundamentally new type of strongly interacting DM.

A primary challenge in studying AQN-induced phenomena is distinguishing DM
signals from significant background noise and unrelated events. A promising strategy
to overcome this, as suggested in [52,53], is to use networks of synchronized detectors.
By correlating time delays between two or more detectors, one can isolate AQN-induced
signals based on their unique propagation characteristics, since these time delays are
unambiguously fixed by the distances between the instruments.

When AQNs propagate and annihilate in the Earth’s atmosphere or interior, they
emit relativistic axions and neutrinos with very large mean free paths. The emitted axions
in the AQN framework have velocities v, ~ 0.6¢c which are detectable via broadband
instruments such as WISPLC [54], ABRACADABRA [55], LC Circuit [56], DM Radio [57],
MADMAX [58] and BRASS [59]. See also the recent reviews [60—64] that mention exist-
ing and planned instruments which are capable of working in a broadband mode) and
neutrinos with very large mean free paths. They also generate infrasound waves that can
propagate to very large distances which can be detectable by Distributed Acoustic Sensing
(DAS) systems [34]. These signals exhibit short-lived spikes, particularly in areas where
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AQN:Ss enter or exit the Earth’s surface. The typical rate for such correlated events depends
on the strength of the spikes as given in Table IV in [65].

As an example, the event rate derived in Equation (5) suggests that AQNs impact
the Earth’s surface approximately once per day within a (100 km?) area. Such events are
expected to produce signal spikes with an enhancement factor of A(t) ~ 102. If two or
more detectors are situated within this area and separated by distances d < 100 km, one
can anticipate well-defined time delays T between detections, determined by the AQN
velocity vagn, the speed of sound cs, and the geometry of the network. Furthermore, the
synchronization between different instruments could play a vital role in the discovery of
the DM in the form of AQNSs.

Additionally, a network of detectors can allow a study of the directionality of the DM
in the form of the AQNs [53] by testing the local features of the DM distribution which are
expected to be drastically different from SHM as expressed by Equation (2). Therefore, this
will ultimately enable a test of the “streaming invisible matter” hypothesis from [1-3,6].

5.2. Other (Indirect) Evidence for DM in the Form of AQNs

There are numerous hints suggesting that annihilation events—an inevitable feature
of this framework—may have occurred during the early Universe, the epoch of galaxy
formation, and even in the present day. These events, induced by AQN interactions
with visible matter, could provide explanations for a range of unresolved puzzles across
different scales.

We begin with a long-standing mystery from the early Universe: the “Primordial
Lithium Puzzle”. This problem has persisted for decades, but it has been argued in [41]
that AQNs during the BBN epoch do not affect the production of H and He. However,
they might resolve the lithium anomaly due to the large electric charge (Z = 3) of Lj,
which interacts strongly with the negatively (the AQN will be ionized as a result of high
temperature during this epoch when many weakly bound positrons from the AQN’s
electrosphere leave the system such that the AQN becomes a strongly negatively charged
object during the BBN epoch) charged AQNS.

Other well-known puzzles are related to galaxy formation. The most commonly
expressed ones are the “Core-Cusp Problem”, the “Missing Satellite Problem”, and the
“Too-Big-to-Fail Problem”. These and other challenges to the conventional understanding
of galactic structure are detailed in [17,66]. It was proposed in [67] that these discrepancies
may be alleviated if DM exists in the form of composite nuclear-density objects within the
AQN framework.

Shifting to present-day observations, another significant puzzle concerns the diffuse
UV emission in our galaxy. As discussed in [68-70], several observations challenge the con-
ventional explanation that the dominant source of diffuse UV background is dust-scattered
radiation from UV-emitting stars. First, the diffuse UV radiation is remarkably uniform
across both hemispheres, in stark contrast to the uneven distribution of UV-emitting stars.
Second, it shows almost no dependence on the galactic longitude, which is inconsistent
with the observed confinement of bright UV stars to longitudes between 180° and 360°.
These anomalies strongly suggest that the diffuse UV radiation cannot originate from
starlight. The authors of [68] even describe the source of this radiation as “unknown”. It
was proposed in [71] that this UV radiation excess could be explained by AQN annihilation
events. This proposal is supported by demonstrating that the intensity and spectral features
of AQN-induced emissions align closely with the observed characteristics of the UV excess
reported in [68-70].

At the solar scale, AQNs may also offer an explanation for the renowned “Solar Corona
Mystery”, a long-standing problem (the quiet Sun, with a magnetic field B ~ 1 Gauss, emits
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EUV radiation at photon energies of ~100 eV, a phenomenon unexplained by conventional
astrophysics. This occurs within an atmospheric layer only ~100 km thick, where the
temperature steeply rises to several million kelvins. The variation of EUV with the solar
cycle is modest (20-30%), while the magnetic activity varies by a factor of 100 or more.
Therefore it seems implausible that magnetic reconnection alone, which is known to be
responsible for large flares, could account for this emission when B ~ 1 Gauss. There are
other puzzling solar features, discussed in [72,73]) involving the anomalous behavior of
the Sun. Specifically, the “nanoflares” hypothesized by Parker [74] could be identified as
annihilation events caused by AQNs [72,73].

Finally, we turn our attention to Earth. There are growing indications that our cur-
rent understanding of ultra-high-energy cosmic rays (UHECRs)—including their sources,
nature, and propagation—remains incomplete or possibly flawed. This perspective is
supported by the CREDO (Cosmic-Ray Extremely Distributed Observatory) collaboration,
which has compiled a compelling list of arguments highlighting these gaps [75]. It is worth
considering that some events typically interpreted as UHECR phenomena might instead
be misidentified or misclassified, as suggested in Section 1.3. These puzzling events could
be manifestations of AQN-induced effects rather than conventional cosmic-ray behavior.

A key proposal arising from this consideration involves combining detection methods:
placing an acoustic instrument, as mentioned in Section 1.3, alongside a CR detector in
the same geographical area. This approach would enable to distinguish genuine UHECR
events from AQN-induced phenomena. Such a capability would not only refine the analysis
of UHECR but also align with the objectives of the CREDO collaboration, which seeks
to challenge and enhance conventional models of cosmic-ray physics. Moreover, this
methodology could enable a search for correlations between earthquakes and CR-like
AQN-induced events. As argued in Section 4, such a correlation would naturally arise if
both phenomena are driven by the same flux of “streaming invisible matter” proposed
in the AQN framework. This dual-detection strategy would offer a powerful tool for
exploring and validating the broader implications of the AQN hypothesis.

In conclusion, this work advocates a paradigm shift in the understanding of DM:
from weakly interacting non-baryonic particles to strongly interacting baryonic composite
objects made from (anti)quarks and gluons of the Standard Model (see Section 2). The
AQN model is consistent with all current observations across cosmological, astrophysical,
and terrestrial scales. Moreover, it offers potential resolutions to long-standing mysteries,
from the early Universe to the present day. If validated through the proposed tests and
experiments, this framework could revolutionize our understanding of DM and its role in
the cosmos.
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