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1. The DM and Baryogenesis as two sides 
of the same coin 

There are two (apparently unrelated) phenomena: 

1. 80-years old mystery: the nature  of dark 
matter (Zwicky 1937) 

2. another 50-years old mystery: Baryogenesis 
(Sakharov, 1967) 

many other observed puzzles and mysterious 
events … to be mentioned today…  

Why the baryonic matter density                 and the 
dark matter density             are similar in values as 
observations suggest,                             ? They 
could assume dramatically different scales if 
they are originated from different physics.         
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The DM side of the coin



Sakharov

Sakharov formulated precise 
criteria when such 
baryogenesis is possible: 

1. There must be B-violation;
2. There must be C and CP 

violation;
3. There must be out -of -

equilibrium dynamics 

The Baryogenesis side of the coin
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Expected behaviour for 
the velocities of stars  

The observed 
velocity distribution 

1. Evidence for dark matter

Take home lesson: there is 
DM in our Universe.         
DM knows about gravity, but 
does not know about  E&M



2. Short overview on Baryogenesis

⌘ ⌘ nB

n�
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 The cosmic microwave background (CMB) and Big 
Bang Nucleosynthesis (BBN) are highly sensitive to 
parameter                     ,   the baryon to photon ratio. ⌘ ⌘ nB/n�
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Take home lesson: 
the parameter    is known 
with very high accuracy  
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• On other hand: our fundamental equations predict that 
the  matter and antimatter should have equal number 
densities, i.e 

• In this case the protons and antiprotons annihilate each 
other until the temperature drops to 

• For such low temperature the parameter    is many 
orders of magnitude smaller than observed value:

• Conventional resolution: one should have one  extra 
baryon  per             particles such that the annihilation 
stops at                      when no antimatter remains        

nB = nB̄
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These two (naively unrelated) phenomena, the DM 
and baryogenesis are normally considered to be 
two different stories… We want to argue that these 
two phenomena are, in fact,  intimately connected.   

Furthermore, our claim is that we have been 
witnessing (indirectly) the manifestations of the DM 
(beyond gravity) for years with many puzzling 
observations on all scales (galactic, Sun, Earth) 

Today I specifically focus on several observed 
puzzles and anomalies which could be the 
manifestations of this   framework :                                                        
1.Mysterious diffuse galactic UV radiation;                                                                                      
2. Solar corona heating mystery (since1939)                                                                                                              
3. recently observed by HORIZON 10T the Multi 
Modal mysterious CR-like events                                             
4. recently observed the anomalous ANITA CR-like 
events with non-inverted polarity.  



1.“Naive”  Moral: Dark matter requires  New 
(unknown) Fields such as WIMPs 

2. “Naive” Moral:  New Fields must be Nonbaryonic. 
Arguments come from structure formation 
requirements,  BBN, decoupling DM from radiation, 
etc 

This proposal: Instead of  “New Fields”                     
“New phases” (dense colour superconductor) of  
“Old Fields” 

Instead of “Baryogenesis”                 “segregation  of 
charges” of conventional fields (quarks) at

2. two  (naively unrelated) Mysteries: 
Dark Matter and Baryogenesis.

✓ 6= 0



The idea that the DM could be in form of very dense 
quark nuggets (QN) of standard model fields is not 
new and has been advocated by Witten in 1984 

The crucial (for cosmology) parameter        is small. 
Therefore, the nuggets are qualified as DM 
candidates
�

M
⌧ 1(

cm2

gram
)

<latexit sha1_base64="XAysP1gf4qV5lr8IJ6tXU76Kvtc=">AAACGnicbZDLSsNAFIZPvNZ6q7p0M1iEuilJN7osunEjVLAXaGKZTCfp0JkkzEyEEvIcbnwVQVwo4k7c+AY+htPLQlt/GPj4zzmcOb+fcKa0bX9ZS8srq2vrhY3i5tb2zm5pb7+l4lQS2iQxj2XHx4pyFtGmZprTTiIpFj6nbX94Ma6376hULI5u9CihnsBhxAJGsDZWr+S4gcQkcxULBc6zq9zlHDmoMrOlQETc1vIJhRKL/KRXKttVeyK0CM4MyvV6/P0EAI1e6cPtxyQVNNKEY6W6jp1oL8NSM8JpXnRTRRNMhjikXYMRFlR52eS0HB0bp4+CWJoXaTRxf09kWCg1Er7pFFgP1HxtbP5X66Y6OPMyFiWpphGZLgpSjnSMxjmhPpOUaD4ygIlk5q+IDLAJRZs0iyYEZ/7kRWjVqo5dda5NGucwVQEO4Qgq4MAp1OESGtAEAvfwCC/waj1Yz9ab9T5tXbJmMwfwR9bnD4Hjo2U=</latexit><latexit sha1_base64="kVBlxjhn8CihfUtlzscweeekWKo="></latexit><latexit sha1_base64="kVBlxjhn8CihfUtlzscweeekWKo="></latexit><latexit sha1_base64="kVBlxjhn8CihfUtlzscweeekWKo="></latexit><latexit sha1_base64="Km1Lq2G6zBOhESGvWePJqKO/Ru8=">AAACGnicbZC7TsMwFIYdrqXcAowsFhVSWaq4C4wVLCxIRaIXqQmV4zqpVTuJbAepivIcLLwKCwMIsSEW3gY3zQAtv2Tp03/O0fH5/YQzpR3n21pZXVvf2KxsVbd3dvf27YPDropTSWiHxDyWfR8ryllEO5ppTvuJpFj4nPb8ydWs3nugUrE4utPThHoChxELGMHaWEMbuYHEJHMVCwXOs5vc5RwiWC9tKSAR9828oFBikZ8N7ZrTcArBZUAl1ECp9tD+dEcxSQWNNOFYqQFyEu1lWGpGOM2rbqpogskEh3RgMMKCKi8rTsvhqXFGMIileZGGhft7IsNCqanwTafAeqwWazPzv9og1cGFl7EoSTWNyHxRkHKoYzjLCY6YpETzqQFMJDN/hWSMTSjapFk1IaDFk5eh22wgp4FunVrrsoyjAo7BCagDBM5BC1yDNugAAh7BM3gFb9aT9WK9Wx/z1hWrnDkCf2R9/QADSKDO</latexit>

There were many problems 
with the original 1984- 
Witten’s idea:  
1. There is no first order 

phase transition in QCD 
2. Fast evaporation 
3.  Hard to achieve stability 
4.  e.t.c. 

E. Witten

New element to rescue the nugget’s 
idea: the axion. We call the objects 
the axion quark nugget (AQN).

�/M
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Possible cooling paths are denoted as 1, 2, 3. The 
phase diagram at               is still unknown.  
Formation temperature                   corresponds to the 
observed value  

 There are 2 new elements (in comparison to Witten’s)                        

 Axion quark nugget’s (AQN) formation 

✓ 6= 0

QGP

CS

Hadron

(PhaseUnknown)

This is a novel contribution to 
DM from the axion field, in 

addition to conventional 
misalignment mechanism    

and DW decay 

T = 41 MeV
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1. there is  extra CP odd  axion field.   Precisely 
this CP odd field               is responsible for charge 
segregation of the charge (replacing baryogenesis)    

2. As a consequence: there are two species, the  
nuggets and anti-nuggets (representing the DM).             
The construction leads to the similarity between 
dark and visible sectors:    

The nuggets and anti-nuggets are absolutely stable 
objects on the cosmological time scale. Only small 
portion of the baryon charge get annihilated during 
BBN, CMB, post-recombination epochs.  

Therefore, the AQNs  survive the long evolution in 
unfriendly environment until present days if 

⌦dark ⇡ ⌦visible ⇠ ⇤QCD

✓ 6= 0
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Antiquark nugget structure.    Source of emission  
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Instead of conventional local fields (such as 
WIMPs) the DM in our framework is a macroscopical 
composite object with a typical nuclear density, 
similar to Witten’s strangelets. 

the observational astrophysical consequences  will 
be suppressed by very tiny number density 

A small cross section to mass ratio replaces a weak 
coupling constant (typical for WIMPs) for 
sufficiently large nuggets as    

A fundamental ratio                                                 is 
determined by formation temperature                    
and its QCD nature  (no baryogenesis needed)                                                                          
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Matter in the Universe

One part: 
visible matter 

(hadronic phase)

Two parts: 
  matter nuggets 

(CS phase)

Three  parts: 
  anti-matter nuggets 

(CS phase) 

 

1. CP violating parameter         generates the difference 
between number of nuggets and antinuggets which must be 
order of one effect (observations:                                     )      
2. The annihilation processes continue until visible
anti-baryons get annihilated and baryons remain;
3. The final result:                          as observed 
irrespective to any parameters of the model    

Btot = 0 = Bnugget +Bvisible � B̄antinugget

BDM = Bnugget + B̄antinugget ' 5 Bvisible

Bnugget/B̄antinaget ' 2/3
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Applications. Observed mysterious emissions:
from the galaxy to the Sun to the Earth

• galaxy:

• Sun:

• Earth:



• In the applications to be discussed  below I take 
agnostic viewpoint regarding the formation mechanism- 
I assume that such antimatter nuggets exist.  It is 
consistent with all cosmological, astrophysical, satellite, 
and terrestrial observations as long as                                                      

 

• I’ll mention about some subtle elements and many 
misconceptions on the formation mechanism and 
survival pattern at the very end of this talk  
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3. Mysterious Cosmic Diffuse UV Radiation
Recent studies of the diffuse Far UV background   
by GALEX (Galaxy Evolution Explorer) show  huge 
inconsistency of the  conventional  picture when UV 
background is a result of dust scatter from  the UV 
emitting stars, [Henry et al, 2015]:  

1. “uniformity puzzle” -the diffuse FUV                 
radiation is very uniform in both hemispheres, in 
contrast with strong non-uniformity in distribution 
of the UV emitting stars  (see next slide); 

2. “galactic longitude puzzle” - the diffuse FUV radiation 
is almost independent of Galactic longitude. It must 
be contrasted with localization of the UV emitting 
stars which are mostly confined to the longitude 
range                     (see next slide);
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<latexit sha1_base64="WwMiXRV4SZDGA6I3UGWXeZk5yho=">AAAB/HicbVDLSgMxFM3UV62v0S7dBKtQEUtGxbpsdeOygn3AzFAyaaaGZh4kGWEY6le4d+NCEbd+iLv+jeljoa0HLhzOuZd77/FizqRCaGTklpZXVtfy64WNza3tHXN3ryWjRBDaJBGPRMfDknIW0qZiitNOLCgOPE7b3uBm7LcfqZAsCu9VGlM3wP2Q+YxgpaWuWYQ2LFvnCJ1aVYSOoVOvu12zhCpoArhIrBkp1Q6dk+dRLW10zW+nF5EkoKEiHEtpWyhWboaFYoTTYcFJJI0xGeA+tTUNcUClm02OH8IjrfSgHwldoYIT9fdEhgMp08DTnQFWD3LeG4v/eXai/Cs3Y2GcKBqS6SI/4VBFcJwE7DFBieKpJpgIpm+F5AELTJTOq6BDsOZfXiSts4p1Wbm402lcgynyYB8cgDKwQBXUwC1ogCYgIAUv4A28G0/Gq/FhfE5bc8Zspgj+wPj6AZOXlH8=</latexit>

[(1300� 1700)Å]



3. “galactic latitude puzzle”- The diffuse radiation increases 
in brightness toward lower galactic latitude.  This 
should be contrasted with conventional modelling 
which predicts very low brightness at low Galactic 
latitudes 

4. “non-correlation puzzle”  Conventional picture for the 
FUV suggests that it must be correlated with the 
thermal (           ) emission as both radiations are 
assumed to be related to the dust and its distribution 
in the galaxy.  

This picture dramatically fails as  thermal (          )  
emission  is highly asymmetric and strongly correlated 
with locations of the UV emitting stars, while FUV 
diffuse emission is highly symmetric and uniform, see 
slides below. It also suggests that FUV has galactic 
(not extra galactic, nor terrestrial) origin.

<latexit sha1_base64="DfXPvaG4HJBLQhdmCF8zWs874Qg=">AAAB/HicbVDLTsJAFJ3iC/FVZelmIppgUNISoy6JblxiImBCK5kOU5gwnTYzU5Omwa9w78aFxrj1Q9zxN06BhYInubkn59ybuXO8iFGpLGts5JaWV1bX8uuFjc2t7R1zd68lw1hg0sQhC8W9hyRhlJOmooqR+0gQFHiMtL3hdea3H4mQNOR3KomIG6A+pz7FSGmpaxYdymH5tGY9WCcQVrJ+3DVLVtWaAC4Se0ZK9UOn8jyuJ42u+e30QhwHhCvMkJQd24qUmyKhKGZkVHBiSSKEh6hPOppyFBDpppPjR/BIKz3oh0IXV3Ci/t5IUSBlEnh6MkBqIOe9TPzP68TKv3RTyqNYEY6nD/kxgyqEWRKwRwXBiiWaICyovhXiARIIK51XQYdgz395kbRqVfu8enar07gCU+TBPjgAZWCDC1AHN6ABmgCDBLyAN/BuPBmvxofxOR3NGbOdIvgD4+sHClCUxw==</latexit>

2 (�200,+200)

<latexit sha1_base64="aF+NRUFBisVOJXuP9PWYpQIsidA=">AAAB8HicbVC7SgNBFL0bXzG+opY2g0FIFXZFomXQxjKCeUh2CbOT2WTIzOwyMyuEJd9gYWOhiK2f4SfY+SH2Th6FJh64cDjnXu69J0w408Z1v5zcyura+kZ+s7C1vbO7V9w/aOo4VYQ2SMxj1Q6xppxJ2jDMcNpOFMUi5LQVDq8mfuueKs1ieWtGCQ0E7ksWMYKNle4810W+SJHoFktuxZ0CLRNvTko15Je/Px78erf46fdikgoqDeFY647nJibIsDKMcDou+KmmCSZD3KcdSyUWVAfZ9OAxOrFKD0WxsiUNmqq/JzIstB6J0HYKbAZ60ZuI/3md1EQXQcZkkhoqyWxRlHJkYjT5HvWYosTwkSWYKGZvRWSAFSbGZlSwIXiLLy+T5mnFq1bObmwalzBDHo7gGMrgwTnU4Brq0AACAh7hGV4c5Tw5r87brDXnzGcO4Q+c9x/hi5Lb</latexit>

100µm

<latexit sha1_base64="aF+NRUFBisVOJXuP9PWYpQIsidA=">AAAB8HicbVC7SgNBFL0bXzG+opY2g0FIFXZFomXQxjKCeUh2CbOT2WTIzOwyMyuEJd9gYWOhiK2f4SfY+SH2Th6FJh64cDjnXu69J0w408Z1v5zcyura+kZ+s7C1vbO7V9w/aOo4VYQ2SMxj1Q6xppxJ2jDMcNpOFMUi5LQVDq8mfuueKs1ieWtGCQ0E7ksWMYKNle4810W+SJHoFktuxZ0CLRNvTko15Je/Px78erf46fdikgoqDeFY647nJibIsDKMcDou+KmmCSZD3KcdSyUWVAfZ9OAxOrFKD0WxsiUNmqq/JzIstB6J0HYKbAZ60ZuI/3md1EQXQcZkkhoqyWxRlHJkYjT5HvWYosTwkSWYKGZvRWSAFSbGZlSwIXiLLy+T5mnFq1bObmwalzBDHo7gGMrgwTnU4Brq0AACAh7hGV4c5Tw5r87brDXnzGcO4Q+c9x/hi5Lb</latexit>

100µm



FUV (black),  thermal (             ) emission at different longitudes 
(red-southern, and blue-northern). Dramatic difference between the 
thermal and FUV emissions, which must have independent origin. 
There is no connection between thermal (asymmetric) and FUV 
(symmetric) emissions,

<latexit sha1_base64="aF+NRUFBisVOJXuP9PWYpQIsidA=">AAAB8HicbVC7SgNBFL0bXzG+opY2g0FIFXZFomXQxjKCeUh2CbOT2WTIzOwyMyuEJd9gYWOhiK2f4SfY+SH2Th6FJh64cDjnXu69J0w408Z1v5zcyura+kZ+s7C1vbO7V9w/aOo4VYQ2SMxj1Q6xppxJ2jDMcNpOFMUi5LQVDq8mfuueKs1ieWtGCQ0E7ksWMYKNle4810W+SJHoFktuxZ0CLRNvTko15Je/Px78erf46fdikgoqDeFY647nJibIsDKMcDou+KmmCSZD3KcdSyUWVAfZ9OAxOrFKD0WxsiUNmqq/JzIstB6J0HYKbAZ60ZuI/3md1EQXQcZkkhoqyWxRlHJkYjT5HvWYosTwkSWYKGZvRWSAFSbGZlSwIXiLLy+T5mnFq1bObmwalzBDHo7gGMrgwTnU4Brq0AACAh7hGV4c5Tw5r87brDXnzGcO4Q+c9x/hi5Lb</latexit>

100µm

[Henry et al, 2015]



Locations of the UV bright stars are shown (blue-northern, red-
southern galactic latitudes). The sky is dramatically different in FUV 
as most of the bright stars concentrated on galactic plane and half 
of the galactic longitudes               

<latexit sha1_base64="HbPuDve0dYquqmXMkXyRHRob01w=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBKtQEcuMSu2y6MZlBfuAdiyZNFNDM5kxyRSG0r8Q3LhQxK0f465/Y/pYaOuBezmccy+5OV7EmdK2PbJSS8srq2vp9czG5tb2TnZ3r6bCWBJaJSEPZcPDinImaFUzzWkjkhQHHqd1r3cz9ut9KhULxb1OIuoGuCuYzwjWRnLzTsl+sM8uiqaftLM5u2BPgBaJMyO58lHr9HlUTirt7HerE5I4oEITjpVqOnak3QGWmhFOh5lWrGiESQ93adNQgQOq3MHk6CE6NkoH+aE0JTSaqL83BjhQKgk8Mxlg/ajmvbH4n9eMtV9yB0xEsaaCTB/yY450iMYJoA6TlGieGIKJZOZWRB6xxESbnDImBGf+y4ukdl5wioXLO5PGNUyRhgM4hDw4cAVluIUKVIHAE7zAG7xbfevV+rA+p6Mpa7azD39gff0AWeCS3g==</latexit>

(1800 � 3600)

Henry et al, 2015



4. Mysterious FUV radiation as the AQN 
annihilation events in galaxy 

A typical internal temperature of the AQNs is 
determined by condition that the radiation output is 
balanced by the energy due to annihilations  

The total surface emissivity  is mostly determined by 
the physics of the electrosphere (bremsstrahlung) 

Typical internal temperature in the central regions 
of galaxy could be very high                        which 
implies that the AQNs could be very strong UV 
emitters 

<latexit sha1_base64="7y2+9vI4MgQo5xkY296nR95RSXI="></latexit>

4⇡R2 · Ftot(T ) ⇡  · (⇡R2) · (2 GeV) · n · vAQN

<latexit sha1_base64="I2VA/Ot+J4pqLT30CSrxQdtwWqI="></latexit>
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<latexit sha1_base64="R4i2nlETWRaYQSvbEPfcvm0DVJ4=">AAACDHicbVC7SgNBFJ2Nr7i+opY2g1GIiGE3GLUM2lhGyAuyIcxO7sYhsw9nZoWwxN7Gyv+wsVDE1g+wy984eRSaeGDgcM653LnHjTiTyrKGRmphcWl5Jb1qrq1vbG5ltndqMowFhSoNeSgaLpHAWQBVxRSHRiSA+C6Hutu7Gvn1exCShUFF9SNo+aQbMI9RorTUzmSxiSvtxBE+Bs8bYKcLdzhXyBdPikf4YSzXdMrKW2PgeWJPSbZ04Bw/D0v9cjvz7XRCGvsQKMqJlE3bilQrIUIxymFgOrGEiNAe6UJT04D4IFvJ+JgBPtRKB3uh0C9QeKz+nkiIL2Xfd3XSJ+pWznoj8T+vGSvvopWwIIoVBHSyyIs5ViEeNYM7TABVvK8JoYLpv2J6SwShSvdn6hLs2ZPnSa2Qt8/ypze6jUs0QRrtoX2UQzY6RyV0jcqoiih6RC/oDb0bT8ar8WF8TqIpYzqzi/7A+PoBD2SbdQ==</latexit>

Te↵ � (2.5� 5) eV



Total luminosity            from a single AQN is 

To estimate total FUV intensity              produced by 
all nuggets along the line of sight one should 
multiply         to the AQN’s density and mean free 
path                   and fraction             to FUV emission 

This estimate should be compared with intensity of 
excess FUV detected by GALEX over its bandpass

<latexit sha1_base64="rVwpX/5XejfcIHxJnYTHSGu2CQw="></latexit>

LAQN ⇡ 4⇡R2 · Ftot(T ) ⇡ 4.7
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<latexit sha1_base64="SMUnOKQ4wYI4OTRDjpcaVP5WQ2A=">AAAB+XicbVDLSgMxFM34rFMfoy7dBIviqsyIqMuqGxciLdgHtMOQSTNtaJIZkkyhDP0TNy4UcSv4A/6BOz9E16aPhbYeuHA4517uvSdMGFXadT+thcWl5ZXV3JqdX9/Y3HK2d2oqTiUmVRyzWDZCpAijglQ11Yw0EkkQDxmph72rkV/vE6loLO70ICE+Rx1BI4qRNlLgONCG8CbIWpLDi8rtEAZOwS26Y8B54k1JoXT49fbez3+XA+ej1Y5xyonQmCGlmp6baD9DUlPMyNBupYokCPdQhzQNFYgT5Wfjy4fwwChtGMXSlNBwrP6eyBBXasBD08mR7qpZbyT+5zVTHZ37GRVJqonAk0VRyqCO4SgG2KaSYM0GhiAsqbkV4i6SCGsTlm1C8GZfnie146J3WjypmDQuwQQ5sAf2wRHwwBkogWtQBlWAQR/cg0fwZGXWg/VsvUxaF6zpzC74A+v1B2ULlgM=</latexit>

LAQN

<latexit sha1_base64="/1331Pt6Am6MBljQw3Sgp4bYDCM="></latexit>
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<latexit sha1_base64="sC1wTcACl9Y8qPfhjmY5DjGOsWM=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAR3FgSEXVZFcSVtGDaQhPDZDpph84kYWYilJCNWz9DFy4UcetnuPND3Dt9LLT1wIXDOfdy7z1BwqhUlvVlzMzOzS8sFpaKyyura+vmxmZdxqnAxMExi0UzQJIwGhFHUcVIMxEE8YCRRtC7GPiNOyIkjaMb1U+Ix1EnoiHFSGnJN7ehW+3S2+zSqed+5goOz2rXuQt9s2SVrSHgNLHHpFQ5+H56IKWk6pufbjvGKSeRwgxJ2bKtRHkZEopiRvKim0qSINxDHdLSNEKcSC8bPpDDPa20YRgLXZGCQ/X3RIa4lH0e6E6OVFdOegPxP6+VqvDUy2iUpIpEeLQoTBlUMRykAdtUEKxYXxOEBdW3QtxFAmGlMyvqEOzJl6dJ/bBsH5ePajqNczBCAeyAXbAPbHACKuAKVIEDMMjBI3gBr8a98Wy8Ge+j1hljPLMF/sD4+AH/AZkR</latexit>

�FUV
AQN

<latexit sha1_base64="SMUnOKQ4wYI4OTRDjpcaVP5WQ2A=">AAAB+XicbVDLSgMxFM34rFMfoy7dBIviqsyIqMuqGxciLdgHtMOQSTNtaJIZkkyhDP0TNy4UcSv4A/6BOz9E16aPhbYeuHA4517uvSdMGFXadT+thcWl5ZXV3JqdX9/Y3HK2d2oqTiUmVRyzWDZCpAijglQ11Yw0EkkQDxmph72rkV/vE6loLO70ICE+Rx1BI4qRNlLgONCG8CbIWpLDi8rtEAZOwS26Y8B54k1JoXT49fbez3+XA+ej1Y5xyonQmCGlmp6baD9DUlPMyNBupYokCPdQhzQNFYgT5Wfjy4fwwChtGMXSlNBwrP6eyBBXasBD08mR7qpZbyT+5zVTHZ37GRVJqonAk0VRyqCO4SgG2KaSYM0GhiAsqbkV4i6SCGsTlm1C8GZfnie146J3WjypmDQuwQQ5sAf2wRHwwBkogWtQBlWAQR/cg0fwZGXWg/VsvUxaF6zpzC74A+v1B2ULlgM=</latexit>

LAQN
<latexit sha1_base64="OiqYVUeQhGs9Ik4x3dVNvxjdXh8=">AAACBXicbVC7SgNBFJ2Nrxhfq5ZaDAYh1bIrEi2DNpZRzAOyIcxOZpMhM7PLzKwQlrWwsfQ3bCwUsRX8BDs/xN7Jo9DEAxcO59zLvfcEMaNKu+6XlVtYXFpeya8W1tY3Nrfs7Z26ihKJSQ1HLJLNACnCqCA1TTUjzVgSxANGGsHgfOQ3bohUNBLXehiTNkc9QUOKkTZSx96HEKY+Riy9yjJfUQ5dp3zrSw4HMe7YRddxx4DzxJuSYgX6pe+PB7/asT/9boQTToTGDCnV8txYt1MkNcWMZAU/USRGeIB6pGWoQJyodjr+IoOHRunCMJKmhIZj9fdEirhSQx6YTo50X816I/E/r5Xo8LSdUhEnmgg8WRQmDOoIjiKBXSoJ1mxoCMKSmlsh7iOJsDbBFUwI3uzL86R+5Hhl5/jSpHEGJsiDPXAASsADJ6ACLkAV1AAGd+ARPIMX6956sl6tt0lrzprO7II/sN5/AF+lmuw=</latexit>

R ⇠ 0.6 kpc
<latexit sha1_base64="V1A2rrCl73NQ3g1n03NpI/Z/exY=">AAAB9XicbVC7TsNAEFyHVwivACXNiQgplWVHCCgjaCiDRB5SbKLz5ZyccmebuzMosvINtDQUIETLP/AJdHwIPZdHAQkjrTSa2dXuTpBwprTjfFm5peWV1bX8emFjc2t7p7i711BxKgmtk5jHshVgRTmLaF0zzWkrkRSLgNNmMLgY+807KhWLo2s9TKgvcC9iISNYG+nGI33mKSboLXLsSqdYcmxnArRI3BkpVZFX/v548Gqd4qfXjUkqaKQJx0q1XSfRfoalZoTTUcFLFU0wGeAebRsaYUGVn02uHqEjo3RRGEtTkUYT9fdEhoVSQxGYToF1X817Y/E/r53q8MzPWJSkmkZkuihMOdIxGkeAukxSovnQEEwkM7ci0scSE22CKpgQ3PmXF0mjYrsn9vGVSeMcpsjDARxCGVw4hSpcQg3qQEDCIzzDi3VvPVmv1tu0NWfNZvbhD6z3HxyflUw=</latexit>

� ' 0.2

<latexit sha1_base64="DXwMUyUmKNpe8DXVgkY/TzL6XBs="></latexit>

10�5erg cm�2 s�1 in band (1380� 2500)Å



It should be also compared with FUV intensity produced 
by WIMP-like models                          .      This mechanism 
naturally explains 1-4 puzzles mentioned above: 

“uniformity puzzle” is resolved as DM in form of the AQN 
uniformly distributed in the galaxy; 

“galactic longitude puzzle” is resolved as DM particles are 
bot sensitive to galactic longitude;   

“galactic latitude puzzle” is resolved as the intensity must 
increase toward lower latitudes because it is   
proportional to  visible density 

“non-correlation puzzle”  with is thermal emission is also 

resolved as DM does not follow the locations of stars.    

<latexit sha1_base64="FzMYmeiguIzKHjUGHaUR1DjXXqU=">AAACDnicbVC7SgNBFJ2NrxhfUUubwRiIiHE3iLGwCNpYRjAPyG7C7GSSDJnZXWZmhWXZL7Cx8EdsLBSxtbbL3zh5FJp44MLhnHu59x43YFQq0xwZqaXlldW19HpmY3Nreye7u1eXfigwqWGf+aLpIkkY9UhNUcVIMxAEcZeRhju8GfuNByIk9b17FQXE4ajv0R7FSGmpk81fQctsx6dWOYG24BDGRPSTs7ggbdz1FcS8XTpOOtmcWTQngIvEmpFc5cg+eR5Vomon+213fRxy4inMkJQtywyUEyOhKGYkydihJAHCQ9QnLU09xIl04sk7CcxrpQt7vtDl6RPG6u+JGHEpI+7qTo7UQM57Y/E/rxWq3qUTUy8IFfHwdFEvZFD5cJwN7FJBsGKRJggLqm+FeIAEwkonmNEhWPMvL5J6qWhdFM/vdBrXYIo0OACHoAAsUAYVcAuqoAYweAQv4A28G0/Gq/FhfE5bU8ZsZh/8gfH1A9kGnR0=</latexit>

< 10�17erg/(s · cm2)

<latexit sha1_base64="ryXCXsKsAyO9lwO27YxJSzRHNX8="></latexit>
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I want to finish this part of my talk (about FUV) with 
several quotas from observational paper [Henry 2015] 
who anticipated/required such kind of DM: 

“the source of the diffuse FUV emission is unknown -
that is the mystery that is referred to in the title” 

This “exotic” mysterious component of emission is 
unknown but must be galactic origin, and could be due 
to strong interaction of DM with the nuclei of 
interstellar medium 

The authors  [Henry 2015] also suggest that DM in form 
of a  “composite” system may contribute to the exotic 
FUV component 

Our comment- all these components are automatically 
present in the AQN construction 



 5. Solar extreme UV (EUV) radiation  

The quiet Sun emits EUV radiation with the energy 
of order 100 eV which cannot be explained in terms 
of any conventional astro-phenomena.  

Apparent  violation of thermodynamics. Can be only 
resolved with non-thermal injection of energy that 
heats up the corona. The EUV emission occurs about 
2000 km above the surface where the temperature 
suddenly jumps:       

“everything above the photosphere (about         of 
the total solar luminosity) is not supposed  to be 
there at all” (Solar Corona Mystery, W.Grotrian, 1939) 

L� (EUV from Corona) ⇠ 1030 · GeV

s
⇠ 1027 · erg

s
.
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<latexit sha1_base64="ORZEVyxyLj2wX1CkOlj7t6a7tCw=">AAAB73icbZDLSgMxFIbP1Futt6pLN8EiuLFkXFR3Fl3osoK9QDuWTJppQzOZMckIZehLuHGhSLe+jjuXvoJPYHpZaOsPgY//P4ecc/xYcG0w/nQyS8srq2vZ9dzG5tb2Tn53r6ajRFFWpZGIVMMnmgkuWdVwI1gjVoyEvmB1v381zuuPTGkeyTsziJkXkq7kAafEWKvh4vv0pDRE7XwBF/FEaBHcGRQuvr+uRwBQaec/Wp2IJiGThgqiddPFsfFSogyngg1zrUSzmNA+6bKmRUlCpr10Mu8QHVmng4JI2ScNmri/O1ISaj0IfVsZEtPT89nY/C9rJiY491Iu48QwSacfBYlAJkLj5VGHK0aNGFggVHE7K6I9ogg19kQ5ewR3fuVFqJ0WXVx0b3GhfAlTZeEADuEYXDiDMtxABapAQcATvMCr8+A8O2/OaFqacWY9+/BHzvsPnfuR+Q==</latexit><latexit sha1_base64="9SYzGU344BDWTNDK7zTXOVqph6o=">AAAB73icbZC5TgMxEIZnwxXCFY6OxiJCoiHyUgAdERRQBokcUrJEXsdJrHi9i+1FCqu8BA0FCNHS8DB0lHkFngDnKCDhlyx9+v8ZeWb8SHBtMP5yUnPzC4tL6eXMyura+kZ2c6usw1hRVqKhCFXVJ5oJLlnJcCNYNVKMBL5gFb97Mcwr90xpHsob04uYF5C25C1OibFW1cW3yeFxHzWyOZzHI6FZcCeQO/seXH7sPAyKjexnvRnSOGDSUEG0rrk4Ml5ClOFUsH6mHmsWEdolbVazKEnAtJeM5u2jfes0UStU9kmDRu7vjoQEWvcC31YGxHT0dDY0/8tqsWmdegmXUWyYpOOPWrFAJkTD5VGTK0aN6FkgVHE7K6Idogg19kQZewR3euVZKB/lXZx3r3GucA5jpWEX9uAAXDiBAlxBEUpAQcAjPMOLc+c8Oa/O27g05Ux6tuGPnPcfmmaTdg==</latexit><latexit sha1_base64="9SYzGU344BDWTNDK7zTXOVqph6o=">AAAB73icbZC5TgMxEIZnwxXCFY6OxiJCoiHyUgAdERRQBokcUrJEXsdJrHi9i+1FCqu8BA0FCNHS8DB0lHkFngDnKCDhlyx9+v8ZeWb8SHBtMP5yUnPzC4tL6eXMyura+kZ2c6usw1hRVqKhCFXVJ5oJLlnJcCNYNVKMBL5gFb97Mcwr90xpHsob04uYF5C25C1OibFW1cW3yeFxHzWyOZzHI6FZcCeQO/seXH7sPAyKjexnvRnSOGDSUEG0rrk4Ml5ClOFUsH6mHmsWEdolbVazKEnAtJeM5u2jfes0UStU9kmDRu7vjoQEWvcC31YGxHT0dDY0/8tqsWmdegmXUWyYpOOPWrFAJkTD5VGTK0aN6FkgVHE7K6Idogg19kQZewR3euVZKB/lXZx3r3GucA5jpWEX9uAAXDiBAlxBEUpAQcAjPMOLc+c8Oa/O27g05Ux6tuGPnPcfmmaTdg==</latexit><latexit sha1_base64="9SYzGU344BDWTNDK7zTXOVqph6o=">AAAB73icbZC5TgMxEIZnwxXCFY6OxiJCoiHyUgAdERRQBokcUrJEXsdJrHi9i+1FCqu8BA0FCNHS8DB0lHkFngDnKCDhlyx9+v8ZeWb8SHBtMP5yUnPzC4tL6eXMyura+kZ2c6usw1hRVqKhCFXVJ5oJLlnJcCNYNVKMBL5gFb97Mcwr90xpHsob04uYF5C25C1OibFW1cW3yeFxHzWyOZzHI6FZcCeQO/seXH7sPAyKjexnvRnSOGDSUEG0rrk4Ml5ClOFUsH6mHmsWEdolbVazKEnAtJeM5u2jfes0UStU9kmDRu7vjoQEWvcC31YGxHT0dDY0/8tqsWmdegmXUWyYpOOPWrFAJkTD5VGTK0aN6FkgVHE7K6Idogg19kQZewR3euVZKB/lXZx3r3GucA5jpWEX9uAAXDiBAlxBEUpAQcAjPMOLc+c8Oa/O27g05Ux6tuGPnPcfmmaTdg==</latexit><latexit sha1_base64="Q1BUDueO7nNYA87DKzUD1T7FG+0=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBiyXxoB6LXjxWsB/QriWbZtvQbHZNskJZ+ie8eFDEq3/Hm//GtN2Dtj4YeLw3w8y8IJHCWIy/vcLK6tr6RnGztLW9s7tX3j9omjjVjDdYLGPdDqjhUijesMJK3k40p1EgeSsY3Uz91hPXRsTq3o4T7kd0oEQoGLVOahP8kJ1dTFCvXMFVPANaJiQnFchR75W/uv2YpRFXlklqTIfgxPoZ1VYwySelbmp4QtmIDnjHUUUjbvxsdu8EnTilj8JYu1IWzdTfExmNjBlHgeuMqB2aRW8q/ud1Uhte+ZlQSWq5YvNFYSqRjdH0edQXmjMrx45QpoW7FbEh1ZRZF1HJhUAWX14mzfMqwVVyhyu16zyOIhzBMZwCgUuowS3UoQEMJDzDK7x5j96L9+59zFsLXj5zCH/gff4AmUyPAA==</latexit>



a) b)

c) d)

Left: the temperature distribution in outer Sun: the 
drastic changes occur in vicinity of 2000km. The 
transition region is about 200 km wide.
Right: the unexpected deviation from the thermal 
distribution  in EUV and soft x rays from corona 



Puzzles: The transition happens on scale 200 km, while 
typical scales (mean free paths) are 

This apparent  violation of the second law of 
thermodynamics (temperature increases when density 
decreases)  can only be resolved if there is some 
unknown  non-thermal source of energy   

the source should sustain power of order                
which represents                        of the total luminosity 

This emission is very uniform over surface, and occurs 
even in the quiet Sun where magnetic field is small 

This EUV emission is almost insensitive to solar cycles 

the observed Doppler shifts of emitting ions: ~300 km/s, 
far exceed thermal velocity 11 km/s.
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This proposal:  we advocate a scenario when  the energy 
deposition is originated from outside the system (not 
from deep dense regions of the Sun, which is a 
conventional explanation, see comments below) 

the extra source of the energy is associated with the 
dark matter anti-nuggets continuously entering the 
sun from outer space.  

The impact parameter for capture of the nuggets by the 
Sun 

the total energy flux due to the complete annihilation 
of the AQN (axion quark nuggets) is estimated as  

It nicely coincides with the total (observed) EUV  
energy output  from corona which is hard to explain in 
terms of conventional astrophysical sources (corona 
heating puzzle)

L� (AQN) ⇠ 4⇡b2cap · v · ⇢DM ' 4.8 · 1027 · erg
s
,

bcap ' R�
p

1 + ��, �� ⌘ 2GM�
R�v2

,



Observation of “nanoflares” as evidence 
for AQNs (axion quark nugget)  in Corona 
Few historical remarks: The term ``nanoflare" has 
been introduced (postulated) by Parker in 1983 to 
advocate the idea that precisely these small events 
(below the instrumental threshold) might be  
responsible for the   heating of the quiet solar 
corona.  

Originally, people thought that “nanoflare” is a 
miniature image of a flare and may occur due to the 
magnetic reconnection phenomenon(many problems). 
Nowadays  the nanoflares are introduced to MHD 
codes without specifying their nature.  

It turns out that many properties of these 
“nanoflares” postulated by Solar physics people 
to run their MHD- codes, are automatically 
satisfied for AQN annihilation events in the Sun 



Therefore we identify  

In order to reproduce the observed heating pattern 
of solar corona the nanoflares must have typical 
energies and frequency of appearance as follows 
(magnetic-hydro simulations by solar physics people) 

This precisely corresponds to a typical energy of the 
nugget                 and number of AQNs captured by 
the Sun per second (determined by the DM density 
and Newton gravity, not solar physics).  

 

hW i ' 1023 erg, hdN
dt

i ' (103 � 104) s�1.

hBi ⇠ 1025

nanoflares ⌘ AQN annihilation events.

hW i · hdN
dt

i ⇠ 1027erg · s�1
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The AQNs start to annihilate at the altitude ~2000km, 
where the drastic changes are known to occur in vicinity 
of the Transition Region (TR). The size, 200 km  of the TR 
is a highly nontrivial feature of this proposal (determined 
by annihilation pattern of the AQNs).     



To reproduce the measured radiation loss in corona, 
the observed range of nanoflares needs to be in 
range                                                 which largely 
overlaps with allowed window for AQNs 

This is highly nontrivial consistency check as the 
window for |B| comes from  different constraints.  

The measured uniform EUV distribution is  also 
consistent with this proposal  when AQNs are 
uniformly distributed over the solar surface 

Conventional approaches fail to explain a small 
transition region size (200 km).   

The time measurements of nanoflares demonstrate 
the Doppler shift 300 km/s, far exceeds thermal 
velocity 11 km/s. Consistent with AQN  DM velocities 

(3.7 · 1020 � 1.3 · 1026) erg

1023  |B|  4 · 1028



Conclusion 
from my 
collaborators 
(astro-people)-  
The Parker 
Solar Probe 
(launch on 
August 12. 
2018) will have 
sufficient 
resolution in 
few years to 
resolve the 
solar corona 
mystery 



6.Multi-Modal Clustering events observed by 
HORIZON 10T Cosmic-Ray Laboratory

The HORIZON 10T collaboration has observed 
recently mysterious Multi-Modal Events (MME).   

The observed events are dramatically different 
from conventional Extensive Air Showers  (EAS). 

1. normal EAS can be thought as a disk-pancake with 
well defined core of the shower, the EAS axis  

2. EAS represents an uniform distribution of 
particles characterized by           -number of 
particles per unit area, which drops with distance R 

3. EAS thickness    is measured in nanoseconds 
instead of meters       
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R: distance from the core
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⌧ = �d/c width          as a 
function of R     
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Normally, in a given detector one should see a single event 
characterized by width        as a probability to have two or 
more consecutive EAS events in a small area within          is 
tiny. It is not what observed: 5 events separated by        
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Particle density          must dramatically decrease as a 
function of R, at least by factor       for                       . It is 
not what actually observed. Furthermore, the observed 
magnitude is much higher than expected for                  
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R 2 (100� 700)m

<latexit sha1_base64="1Hoc8Iy+GxWxXjhIm/9DtCfPZRM=">AAACB3icbVDLSgMxFM3UV62vqktBglWoiGVGxHZZFMFlBfuAzlgyaaYNTWaGJCMMQ3du3PsVblwo4tZfcNe/MZ12oa0HLvdwzr0k97gho1KZ5sjILCwuLa9kV3Nr6xubW/ntnYYMIoFJHQcsEC0XScKoT+qKKkZaoSCIu4w03cHV2G8+ECFp4N+pOCQORz2fehQjpaVOfv/alpTDomXeJ1Z5eJr2yvAY2oJD0ujkC2bJTAHniTUlheqhffI8qsa1Tv7b7gY44sRXmCEp25YZKidBQlHMyDBnR5KECA9Qj7Q19REn0knSO4bwSCtd6AVCl69gqv7eSBCXMuaunuRI9eWsNxb/89qR8ipOQv0wUsTHk4e8iEEVwHEosEsFwYrFmiAsqP4rxH0kEFY6upwOwZo9eZ40zkrWRen8VqdxCSbIgj1wAIrAAmVQBTegBuoAg0fwAt7Au/FkvBofxudkNGNMd3bBHxhfPx3Jmeo=</latexit>

E ⇠ (1017 � 1018)eV



The width           must increase with R and should be on 
the level                                                     . It is not 
what actually observed: the pulse width remains the same 
on the level                                irrespective to distance R. 

<latexit sha1_base64="9BuE72ixf/mOWPhMGU2OjrnWYfA=">AAAB73icbVDLSsNAFJ3UV62vqks3g1WoCCURUZdFNy6r2Ac0oUymk3boZBJnboQQ+hMiuFDErb/jrn/j9LHQ1gMXDufcy733+LHgGmx7ZOWWlldW1/LrhY3Nre2d4u5eQ0eJoqxOIxGplk80E1yyOnAQrBUrRkJfsKY/uBn7zSemNI/kA6Qx80LSkzzglICRWi6QBJfvTzrFkl2xJ8CLxJmRUvXIPX0ZVdNap/jtdiOahEwCFUTrtmPH4GVEAaeCDQtuollM6ID0WNtQSUKmvWxy7xAfG6WLg0iZkoAn6u+JjIRap6FvOkMCfT3vjcX/vHYCwZWXcRknwCSdLgoSgSHC4+dxlytGQaSGEKq4uRXTPlGEgomoYEJw5l9eJI2zinNROb8zaVyjKfLoAB2iMnLQJaqiW1RDdUSRQM/oDb1bj9ar9WF9Tltz1mxmH/2B9fUDBHKSSQ==</latexit>

⌧(R)
<latexit sha1_base64="zKO6XyeMsOBgSZkepQ5mJjbtiqc="></latexit>

⌧(R) ⇠ (400� 600) ns at R ⇠ 700 m

<latexit sha1_base64="Y1bIX12HxtHO+3F10hgaA3wGCFs=">AAACCXicbVC7TsMwFHXKq5RXgJHFoiC1QlRJeY4VLIwF0YfURJXjOq1Vx4lsB1FFZWRh5TNYGECIlT9g69/gPgZoOdKVjs65V/fe40WMSmVZAyM1N7+wuJRezqysrq1vmJtbVRnGApMKDlko6h6ShFFOKooqRuqRICjwGKl53cuhX7sjQtKQ36peRNwAtTn1KUZKS00TOgrFMHeThw6KIhHew1zROjw6yT9ARwSQy6aZtQrWCHCW2BOSLe05B8+DUq/cNL+dVojjgHCFGZKyYVuRchMkFMWM9DNOLEmEcBe1SUNTjgIi3WT0SR/ua6UF/VDo4gqO1N8TCQqk7AWe7gyQ6shpbyj+5zVi5Z+7CeVRrAjH40V+zKAK4TAW2KKCYMV6miAsqL4V4g4SCCsdXkaHYE+/PEuqxYJ9Wji+1mlcgDHSYAfsghywwRkogStQBhWAwSN4AW/g3XgyXo0P43PcmjImM9vgD4yvH6d+msI=</latexit>

⌧(R) ⇡ (20� 35) ns



7. AQN interpretation of the mysterious 
cosmic ray-like  events 

The  nuggets made of matter or antimatter can 
cross the Earth without loosing much mass and 
momentum  

When the antimatter AQN hits the material the 
internal temperature T starts to rise. It can be 
estimated from the condition that the annihilation 
energy rate equals to the emissivity from 
electrosphere  due to Bremsstrahlung radiation 

The temperature for the AQN traversing the Earth 
could be as high as                                 at the 
moment of exit when it continues to propagate in 
atmosphere

<latexit sha1_base64="JCeqi0r3dufgnk3o7OBqXga5EfE="></latexit>

Ftot(4⇡R
2) ⇡  · (⇡R2) · (2 GeV) · n · vAQN where Ftot ⇡

16

3

T 4↵5/2

⇡
4

r
T

m
,

<latexit sha1_base64="uoZtHjszlRBbQ+y0uI3DnxPPQqU="></latexit>

⇡R2R�nrock ⌧ B for nrock ⇠ 1024cm�3

<latexit sha1_base64="6bvyU1NIMwfpK1cH8W6Wo/n24tM=">AAACBHicbVDLSgMxFM3UV62vUZfdBKtQEUumiLosunFZoS/oDCWTZtrQzIMkIw5DBTd+gf/gxoUibv0Id/0b08dCWw9cOJxzL/fe40acSYXQyMgsLa+srmXXcxubW9s75u5eQ4axILROQh6Klosl5SygdcUUp61IUOy7nDbdwfXYb95RIVkY1FQSUcfHvYB5jGClpY6Zr9k4ikR4D4sWQqdlhI4foC18OKCNjllAJTQBXCTWjBQqh/bJ86iSVDvmt90NSezTQBGOpWxbKFJOioVihNNhzo4ljTAZ4B5taxpgn0onnTwxhEda6UIvFLoCBSfq74kU+1Imvqs7faz6ct4bi/957Vh5l07KgihWNCDTRV7MoQrhOBHYZYISxRNNMBFM3wpJHwtMlM4tp0Ow5l9eJI1yyTovnd3qNK7AFFmQBwegCCxwASrgBlRBHRDwCF7AG3g3noxX48P4nLZmjNnMPvgD4+sHWU2Y+Q==</latexit>

T ⇡ (100� 200) keV



At such high temperature three new effects will 
occur: 

1. The AQNs will acquire a negative charge Q as some 
positrons from electrosphere will leave the system 

2. A strong internal electric field emerges 

3. As a result a            pair production is possible as a 
suppression factor                                is not huge for 
high                    . Similar effect had been studied 
previously for quark stars (dominant cooling 
pattern).   

Resulting positrons will partially screen the 
electric field while the electrons will leave the 
system  with high energy                    . The mean free 
path for such electrons is several kilometres   

<latexit sha1_base64="zibpeZalZoBMn27y+UzKiCjzOZo="></latexit>

Q ' 4⇡R2

Z 1

0
n(z)dz ⇠ 4⇡R2

p
2⇡↵

· (mT ) ·
✓
T

m

◆1/4

<latexit sha1_base64="hKsl3sUGtsIP9inaJjmJLlJSSgE=">AAAB7XicbZDLSgMxFIYzXmu91cvOTbAIglhmRNSdRRe6rGAv0E5LJj3TxmYmQ5IR6tB3cONCEbfufBh3LvsKPoHpZaGtPwQ+/v8ccs7xIs6Utu0va2Z2bn5hMbWUXl5ZXVvPbGyWlIglhSIVXMiKRxRwFkJRM82hEkkggceh7HUuB3n5HqRiIrzV3QjcgLRC5jNKtLFKUD+A+mEjk7Vz9lB4GpwxZM+/+1cf2w/9QiPzWWsKGgcQasqJUlXHjrSbEKkZ5dBL12IFEaEd0oKqwZAEoNxkOG0P7xmniX0hzQs1Hrq/OxISKNUNPFMZEN1Wk9nA/C+rxto/cxMWRrGGkI4+8mOOtcCD1XGTSaCadw0QKpmZFdM2kYRqc6C0OYIzufI0lI5yzknu+MbO5i/QSCm0g3bRPnLQKcqja1RARUTRHXpEz+jFEtaT9Wq9jUpnrHHPFvoj6/0HxWiTDw==</latexit>

e+e�
<latexit sha1_base64="ZMFpqQ6MTy+TCfsVYeVJEFnDcy8=">AAAB/nicbVDLSgMxFM3UV62vUXHlJliFilhniqjLohuXFdpa6Awlk6ZtaJIZkow4DAU/wh9w40IRt36Hu/6N6WOhrQcu93DOveTmBBGjSjvO0MosLC4tr2RXc2vrG5tb9vZOXYWxxKSGQxbKRoAUYVSQmqaakUYkCeIBI/dB/2bk3z8QqWgoqjqJiM9RV9AOxUgbqWXveeQxgoXTEj+rHnuKcugUHbdl500bA84Td0ry5UPv5HlYTiot+9trhzjmRGjMkFJN14m0nyKpKWZkkPNiRSKE+6hLmoYKxIny0/H5A3hklDbshNKU0HCs/t5IEVcq4YGZ5Ej31Kw3Ev/zmrHuXPkpFVGsicCThzoxgzqEoyxgm0qCNUsMQVhScyvEPSQR1iaxnAnBnf3yPKmXiu5F8fzOpHENJsiCfXAACsAFl6AMbkEF1AAGKXgBb+DderJerQ/rczKasaY7u+APrK8f6EKWgA==</latexit>

exp(�2m/T ) ⇠ 0.01
<latexit sha1_base64="GsPz31M+xeovQAjyVMSBSS2Ref0=">AAAB/XicbVDLSgNBEJz1GeMram5eBoPgKewGUW8GPegxQl6QhDA76U2GzOyuM7NCskR/xYsHRXL1P7x5zC/4BU4eB00saCiquunuckPOlLbtL2tpeWV1bT2xkdzc2t7ZTe3tl1UQSQolGvBAVl2igDMfSpppDtVQAhEuh4rbvR77lQeQigV+UfdCaAjS9pnHKNFGaqbSxbpiAu5xzrbxY10K3IVyM5Wxs/YEeJE4M5K5/B7dDNP9UaGZ+qy3AhoJ8DXlRKmaY4e6EROpGeUwSNYjBSGhXdKGmqE+EaAa8eT6AT42Sgt7gTTlazxRf0/ERCjVE67pFER31Lw3Fv/zapH2Lhox88NIg0+ni7yIYx3gcRS4xSRQzXuGECqZuRXTDpGEahNY0oTgzL+8SMq5rHOWPb2zM/krNEUCHaIjdIIcdI7y6BYVUAlR1EfP6BW9WU/Wi/VuDaetS9Zs5gD9gfXxA7TcmI4=</latexit>

T ' 200 keV

<latexit sha1_base64="D8nbeqJs8/NqIf1yKUdIWgOLuYs=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gVBKHMiKjLoghuhAr2Ap1SMulpG5pkhiQjlFK3blz6Gm5cKOLWJ3DXtzG9LLT1h8DHf87h5PxhzJk2njdwUnPzC4tL6eXMyura+oa7uVXSUaIoFGnEI1UJiQbOJBQNMxwqsQIiQg7lsHM5rJfvQWkWyTvTjaEmSEuyJqPEWKvu7gacyBYHfBWoMQSaCex7DzhQAt9Aqe5mvZw3Ep4FfwLZ/H5w9DzIdwt19ztoRDQRIA3lROuq78Wm1iPKMMqhnwkSDTGhHdKCqkVJBOhab3RKHx9Yp4GbkbJPGjxyf0/0iNC6K0LbKYhp6+na0PyvVk1M87zWYzJODEg6XtRMODYRHuaCG0wBNbxrgVDF7F8xbRNFqLHpZWwI/vTJs1A6zvmnuZNbm8YFGiuNdtAeOkQ+OkN5dI0KqIgoekQv6A29O0/Oq/PhfI5bU85kZhv9kfP1A05ZnFs=</latexit>

hEi ⇠ 10 MeV



What is the emission pattern of the AQNs while they 
are travelling in atmosphere? 

There are two limiting cases: if a typical time scale 
due to the annihilation               is longer than the 
time scale           due to emission i.e.                            
than a continuous cooling process takes place 

if a typical time scale due to the annihilation  is much 
shorter than the cooling time than (it is exactly our 
case with our parameters):   

A nice analogy for such eruption like events is the 
lightning flash under thunderclouds. Clouds get 
ionized very efficiently. The neutralization of the 
ions is less efficient. If some condition are met the 
discharge occurs (lightning strike in our analogy) 

<latexit sha1_base64="4Hiual41b7oj2ale5EoJuU39auI=">AAAB9XicbVC7SgNBFJ31GRMfUUubwaBYhV0RtQzaWEYwD0himJ2dTYbMziwzdyNhyX/YWChia+cP+Ad2fojWTh6FJh64cDjnXu69x48FN+C6n87C4tLyympmLZtb39jcym/vVI1KNGUVqoTSdZ8YJrhkFeAgWD3WjES+YDW/dznya32mDVfyBgYxa0WkI3nIKQEr3TaBJO00YLEyHIbtfMEtumPgeeJNSaF0+PX23s99l9v5j2agaBIxCVQQYxqeG0MrJRo4FWyYbSaGxYT2SIc1LJUkYqaVjq8e4gOrBDhU2pYEPFZ/T6QkMmYQ+bYzItA1s95I/M9rJBCet1Iu4wSYpJNFYSIwKDyKAAdcMwpiYAmhmttbMe0STSjYoLI2BG/25XlSPS56p8WTa5vGBZogg/bQPjpCHjpDJXSFyqiCKNLoHj2iJ+fOeXCenZdJ64IzndlFf+C8/gAFo5dL</latexit>⌧deposit
<latexit sha1_base64="Jp7fY8SCxf+hFtODnROjlXV88mk=">AAAB+HicbVC7SgNBFJ2NrxgfWbXTZjAIVmFXRC1DbCwTMA9IlmV2MpsMmdlZ5iHEJV9iY6GIhY3f4BfY2fgtTh6FJh64cDjnXu69J0oZVdrzvpzcyura+kZ+s7C1vbNbdPf2m0oYiUkDCyZkO0KKMJqQhqaakXYqCeIRI61oeD3xW3dEKiqSWz1KScBRP6ExxUhbKXSLXY1MmHUlh1gINg7dklf2poDLxJ+TUuWw/k3fqh+10P3s9gQ2nCQaM6RUx/dSHWRIaooZGRe6RpEU4SHqk46lCeJEBdn08DE8sUoPxkLaSjScqr8nMsSVGvHIdnKkB2rRm4j/eR2j46sgo0lqNEnwbFFsGNQCTlKAPSoJ1mxkCcKS2lshHiCJsLZZFWwI/uLLy6R5VvYvyud1m0YVzJAHR+AYnAIfXIIKuAE10AAYGPAAnsCzc+88Oi/O66w158xnDsAfOO8/3k6W8A==</latexit>⌧cool

<latexit sha1_base64="G7kYdbMik1WVKQrLTI3oF/NoBGw=">AAACC3icbVA9SwNBEN2LXzHxI2ppsyQoVuFORC2DNpYRzAfkwrG32SRL9m6P3blAONLb+FdsBBWxE/+AnT9Eaze5FJr4YODx3gwz8/xIcA22/WlllpZXVtey67n8xubWdmFnt65lrCirUSmkavpEM8FDVgMOgjUjxUjgC9bwB5cTvzFkSnMZ3sAoYu2A9ELe5ZSAkbxC0QUSe0mHRVJzGGO318Op5KoAUynF2CuU7LI9BV4kzoyUKodfj2/D/HfVK3y4HUnjgIVABdG65dgRtBOigFPBxjk31iwidEB6rGVoSAKm28n0lzE+MEoHd6UyFQKeqr8nEhJoPQp80xkQ6Ot5byL+57Vi6J63Ex5GMbCQpou6scAg8SQY3OGKURAjQwhV3NyKaZ8oQsHElzMhOPMvL5L6cdk5LZ9cmzQuUIos2kdFdIQcdIYq6ApVUQ1RdIvu0RN6tu6sB+vFek1bM9ZsZg/9gfX+A2MQn7M=</latexit>

⌧deposit � ⌧cool

<latexit sha1_base64="STzFcKov1eGc9Mr43hlkoR/SZcI="></latexit>

⌧deposit ⌧ ⌧cool ) (short eruptions occur)



�

8. AQN proposal confronts observations 

Each eruption produces                         which are 
accelerated by internal field to energy 

These electrons move in the background of the 
geomagnetic field                                            such 
that instantaneous radius of curvature is  

The electrons change the upward to downward 
direction on this scale and can mimic the CR 

Particle number density           at the HORIZON-10T 
site is

<latexit sha1_base64="xaf8/IhiUlJUC+khpenOhHgG1JA=">AAAB/nicbVDLSgMxFM3UV62vUXHlJliFilhmRLTuim5cSQX7gM5YMmmmDc1MhiQjDkPBj/AH3LhQxK3f4a5/Y/pYaOuBezmccy+5OV7EqFSWNTAyc/MLi0vZ5dzK6tr6hrm5VZM8FphUMWdcNDwkCaMhqSqqGGlEgqDAY6Tu9a6Gfv2BCEl5eKeSiLgB6oTUpxgpLbXMHXjjoCgS/BEWbOu+dKzbxWHLzFtFawQ4S+wJyZf3naPnQTmptMxvp81xHJBQYYakbNpWpNwUCUUxI/2cE0sSIdxDHdLUNEQBkW46Or8PD7TShj4XukIFR+rvjRQFUiaBpycDpLpy2huK/3nNWPklN6VhFCsS4vFDfsyg4nCYBWxTQbBiiSYIC6pvhbiLBMJKJ5bTIdjTX54ltZOifVY8vdVpXIIxsmAX7IECsME5KINrUAFVgEEKXsAbeDeejFfjw/gcj2aMyc42+APj6wfv0JaE</latexit>

N ⇡ (108 � 109)
<latexit sha1_base64="D8nbeqJs8/NqIf1yKUdIWgOLuYs=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gVBKHMiKjLoghuhAr2Ap1SMulpG5pkhiQjlFK3blz6Gm5cKOLWJ3DXtzG9LLT1h8DHf87h5PxhzJk2njdwUnPzC4tL6eXMyura+oa7uVXSUaIoFGnEI1UJiQbOJBQNMxwqsQIiQg7lsHM5rJfvQWkWyTvTjaEmSEuyJqPEWKvu7gacyBYHfBWoMQSaCex7DzhQAt9Aqe5mvZw3Ep4FfwLZ/H5w9DzIdwt19ztoRDQRIA3lROuq78Wm1iPKMMqhnwkSDTGhHdKCqkVJBOhab3RKHx9Yp4GbkbJPGjxyf0/0iNC6K0LbKYhp6+na0PyvVk1M87zWYzJODEg6XtRMODYRHuaCG0wBNbxrgVDF7F8xbRNFqLHpZWwI/vTJs1A6zvmnuZNbm8YFGiuNdtAeOkQ+OkN5dI0KqIgoekQv6A29O0/Oq/PhfI5bU85kZhv9kfP1A05ZnFs=</latexit>

hEi ⇠ 10 MeV

<latexit sha1_base64="eAytMbAd8aDYDelvBpNl2FH8Px8="></latexit>

⇢ ⇡ �mc

eB sin ✓B
⇡ 2.8 km

⇣ �

20

⌘
, � ⌘ hEi

m

<latexit sha1_base64="1lvaw7ib2ZfQnE7ra8ohPLZwy2k="></latexit>

Bdown ' 0.49 G, Bnorth ' 0.24 G

<latexit sha1_base64="xb8DiClM0plWJRwOlXu/Ud8N6vs="></latexit>

⇢(R) ⇠ (108 � 109)

(2.5 km)2
⇠ (20� 200)

m2

<latexit sha1_base64="5nkqAFXkQcSSSbrGNuFLqHm0VzQ=">AAAB73icbVDLSsNAFL2pr1pfVZduBqtQEUoioi6LblxWsQ9oQplMJ+3QSSbOTIQQ+hMiuFDErb/jrn/j9LHQ1gMXDufcy733+DFnStv2yMotLa+sruXXCxubW9s7xd29hhKJJLROBBey5WNFOYtoXTPNaSuWFIc+p01/cDP2m09UKiaiB53G1AtxL2IBI1gbqeXKvijfn6BOsWRX7AnQInFmpFQ9ck9fRtW01il+u11BkpBGmnCsVNuxY+1lWGpGOB0W3ETRGJMB7tG2oREOqfKyyb1DdGyULgqENBVpNFF/T2Q4VCoNfdMZYt1X895Y/M9rJzq48jIWxYmmEZkuChKOtEDj51GXSUo0Tw3BRDJzKyJ9LDHRJqKCCcGZf3mRNM4qzkXl/M6kcQ1T5OEADqEMDlxCFW6hBnUgwOEZ3uDderRerQ/rc9qas2Yz+/AH1tcPAzCSSA==</latexit>

⇢(R)



Particle density          does not depend on R as mere notion 
the “shower core” does not exist in the AQN framework                     

<latexit sha1_base64="xowSWIa20Gk6z99gD0bHFLm2OBk=">AAAB73icbVDLSsNAFL2pr1pfVZduBqtQEUoioi6LblxWsQ9oQplMJ+3QSSbOTIQQ+hMiuFDErb/jrn/j9LHQ1gMXDufcy733+DFnStv2yMotLa+sruXXCxubW9s7xd29hhKJJLROBBey5WNFOYtoXTPNaSuWFIc+p01/cDP2m09UKiaiB53G1AtxL2IBI1gbqeXKvkDl+5NOsWRX7AnQInFmpFQ9ck9fRtW01il+u11BkpBGmnCsVNuxY+1lWGpGOB0W3ETRGJMB7tG2oREOqfKyyb1DdGyULgqENBVpNFF/T2Q4VCoNfdMZYt1X895Y/M9rJzq48jIWxYmmEZkuChKOtEDj51GXSUo0Tw3BRDJzKyJ9LDHRJqKCCcGZf3mRNM4qzkXl/M6kcQ1T5OEADqEMDlxCFW6hBnUgwOEZ3uDderRerQ/rc9qas2Yz+/AH1tcPAu2SSA==</latexit>

⇢(R)



The mysterious clustering feature is also can be 
understood in the AQN framework: there are 
multiple emissions from the AQN with  time delays 
between pulses                                 , see next slide 

The time duration of a single pulse must be 
constant as it is entirely determined by internal 
AQN dynamics (hard to compute). Observations 
suggest                              . Indeed, no depends on R 

The number of electrons             in a bunch during 
a given eruption can be produced by a CR particle 
with energy                    , see previous slide. It 
occurs only once every  few years.  The observed 
event rate                 , consistent with AQN proposal 

We suggest to test this proposal by  studying the 
synchronized radio pulses with                                . 

<latexit sha1_base64="GknY9DyTAxpfuhK1OTKwQ00h+Rc="></latexit>

⌧delay ⇠
�
102 � 103

�
ns

<latexit sha1_base64="OzPi56nv+iNXRGm5gEQOIphZvfs="></latexit>

⌧pulse ⇡ (20� 35) ns

<latexit sha1_base64="DdLywTnOBQVobSGbwK5bJkQMSQ8=">AAACCXicbVDLSsNAFJ34rPUVdaebwSK4KomIj11pEVy2Yh/QxDCZTtuhM0mYmQglZOvGX9GFC0Xc6he4c+O3OGm70NYDA4dzzuXOPX7EqFSW9WXMzS8sLi3nVvKra+sbm+bWdkOGscCkjkMWipaPJGE0IHVFFSOtSBDEfUaa/qCS+c1bIiQNg2s1jIjLUS+gXYqR0pJnwgsvcQSHlavU6Smd49C2bhL7PIWZTBqeWbCK1ghwltgTUijt1r7pY/mj6pmfTifEMSeBwgxJ2batSLkJEopiRtK8E0sSITxAPdLWNECcSDcZXZLCA610YDcU+gUKjtTfEwniUg65r5Mcqb6c9jLxP68dq+6Zm9AgihUJ8HhRN2ZQhTCrBXaoIFixoSYIC6r/CnEfCYSVLi+vS7CnT54ljaOifVI8ruk2ymCMHNgD++AQ2OAUlMAlqII6wOAOPIBn8GLcG0/Gq/E2js4Zk5kd8AfG+w9YYpyK</latexit>

ECR & 1019eV

<latexit sha1_base64="MAyzq9uTdcKMmegXOCbxZwP8aLU=">AAAB9HicbVDJSgNBEO1xjXGLy81LYxA8hRkRl5NBD3qSCGaBZAw9nZ6kSffM2F0TiEO+w4sHRbzmY7x5zC/4BXaWgyY+KHi8V0VVPS8SXINtf1lz8wuLS8uplfTq2vrGZmZru6TDWFFWpKEIVcUjmgkesCJwEKwSKUakJ1jZa18N/XKHKc3D4B66EXMlaQbc55SAkdzbWhOMKbFjP5zXM1k7Z4+AZ4kzIdmL78F1f/dpUKhnPmuNkMaSBUAF0brq2BG4CVHAqWC9dC3WLCK0TZqsamhAJNNuMjq6hw+M0sB+qEwFgEfq74mESK270jOdkkBLT3tD8T+vGoN/5iY8iGJgAR0v8mOBIcTDBHCDK0ZBdA0hVHFzK6YtoggFk1PahOBMvzxLSkc55yR3fGdn85dojBTaQ/voEDnoFOXRDSqgIqLoET2jV/RmdawX6936GLfOWZOZHfQHVv8HoQCVzw==</latexit>

N & 109

<latexit sha1_base64="uACaOZ5ycZjeL0Gyn4XrldOcXhU=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDFZBEGqioi6LblxWsA9oYplMp+3QmSTMTMQQ+heu3bhQxK0/4q5/4/Sx0OqBC4dz7uXee4KYM6UdZ2TlFhaXllfyq4W19Y3NLXu7WFdRIgmtkYhHshlgRTkLaU0zzWkzlhSLgNNGMLge+40HKhWLwjudxtQXuBeyLiNYG6ltFz3FBHKd+9NjTwqUUizbdskpOxOgv8SdkVJl3zt6GlXSatv+8joRSQQNNeFYqZbrxNrPsNSMcDoseImiMSYD3KMtQ0MsqPKzye1DdGCUDupG0lSo0UT9OZFhoVQqAtMpsO6reW8s/ue1Et299DMWxommIZku6iYc6QiNg0AdJinRPDUEE8nMrYj0scREm7gKJgR3/uW/pH5Sds/LZ7cmjSuYIg+7sAeH4MIFVOAGqlADAo/wDK/wZg2tF+vd+pi25qzZzA78gvX5DXEjlmc=</latexit>

⇠ 103/year

<latexit sha1_base64="VcCdWW7YkhciXPglCY4cSfe1CiQ=">AAACBHicbVDLSgMxFM3UV62vqstuglWoiCVTRLssuulGqGAf0Cklk6ZtaJIZkoxQSwU3foH/4MaFIm79CHf9G9PHQlsPXDiccy/33uOHnGmD0MiJLS2vrK7F1xMbm1vbO8ndvYoOIkVomQQ8UDUfa8qZpGXDDKe1UFEsfE6rfu9q7FfvqNIskLemH9KGwB3J2oxgY6VmMuXJCHqaCZjJIXSaR+gYPnhKwOvifTOZRlk0AVwk7oykC4feyfOo0C81k99eKyCRoNIQjrWuuyg0jQFWhhFOhwkv0jTEpIc7tG6pxILqxmDyxBAeWaUF24GyJQ2cqL8nBlho3Re+7RTYdPW8Nxb/8+qRaecbAybDyFBJpovaEYcmgONEYIspSgzvW4KJYvZWSLpYYWJsbgkbgjv/8iKp5LLuefbsxqZxCaaIgxQ4ABngggtQAEVQAmVAwCN4AW/g3XlyXp0P53PaGnNmM/vgD5yvH9DdmKM=</latexit>

⌫ ⇠ (200� 800) MHz



 time delay between pulses                                  while the 
width for each individual pulse         is approximately const.

<latexit sha1_base64="9BuE72ixf/mOWPhMGU2OjrnWYfA=">AAAB73icbVDLSsNAFJ3UV62vqks3g1WoCCURUZdFNy6r2Ac0oUymk3boZBJnboQQ+hMiuFDErb/jrn/j9LHQ1gMXDufcy733+LHgGmx7ZOWWlldW1/LrhY3Nre2d4u5eQ0eJoqxOIxGplk80E1yyOnAQrBUrRkJfsKY/uBn7zSemNI/kA6Qx80LSkzzglICRWi6QBJfvTzrFkl2xJ8CLxJmRUvXIPX0ZVdNap/jtdiOahEwCFUTrtmPH4GVEAaeCDQtuollM6ID0WNtQSUKmvWxy7xAfG6WLg0iZkoAn6u+JjIRap6FvOkMCfT3vjcX/vHYCwZWXcRknwCSdLgoSgSHC4+dxlytGQaSGEKq4uRXTPlGEgomoYEJw5l9eJI2zinNROb8zaVyjKfLoAB2iMnLQJaqiW1RDdUSRQM/oDb1bj9ar9WF9Tltz1mxmH/2B9fUDBHKSSQ==</latexit>

⌧(R)

<latexit sha1_base64="GknY9DyTAxpfuhK1OTKwQ00h+Rc="></latexit>

⌧delay ⇠
�
102 � 103

�
ns



 The time duration of a single pulse                               
should not depend on R as mere notions “disk width” nor 
“central axis” of EAS do not exist in this framework.   

<latexit sha1_base64="OzPi56nv+iNXRGm5gEQOIphZvfs="></latexit>

⌧pulse ⇡ (20� 35) ns

Snowmass-2021 (CF7) proposal “Probing Fundamental 
Physics with Multi-Modal CR events”,  arXiv:2204.04045 



9. ANITA anomalous Events

The Antarctic Impulsive Transient Antenna (ANITA) 
collaboration observed two anomalous events with 
non-inverted polarity, see slides below. 

These two events are proven to be very hard to 
explain in terms of the conventional CR. 

The problem is that the exit angles (relative to the 
horizon) are large,                 , see next slide 

A neutrino must travel                  with very high 
energy                   to generate such signal 

The SM neutrino is excluded at        CL.   

<latexit sha1_base64="QdBajTdPz4T0HZuWTah1smGoazg=">AAACBXicbVDJSgNBEO2JW4xbXG56aAyCpzATcbkZ9KDHCGaBTAw9nU7SpHtm6K4R4pCLF3/Fi4IiXv0Hbx7zC36BneWgiQ8KHu9VUVXPCwXXYNtfVmJmdm5+IbmYWlpeWV1Lr2+UdBApyoo0EIGqeEQzwX1WBA6CVULFiPQEK3ud84FfvmVK88C/hm7IapK0fN7klICR6ukdtwXGlfjQpY0AsGPfxAc97CqJO7KezthZewg8TZwxyZx+9y+et+76hXr6020ENJLMByqI1lXHDqEWEwWcCtZLuZFmIaEd0mJVQ30ima7Fwy96eM8oDdwMlCkf8FD9PRETqXVXeqZTEmjrSW8g/udVI2ie1GLuhxEwn44WNSOBIcCDSHCDK0ZBdA0hVHFzK6ZtoggFE1zKhOBMvjxNSrmsc5TNXdmZ/BkaIYm20S7aRw46Rnl0iQqoiCi6R4/oBb1aD9aT9Wa9j1oT1nhmE/2B9fEDv6Wb5g==</latexit>

& 5 · 103km

<latexit sha1_base64="GIv5N4WhgTqt0uHB7NAaeer93KU=">AAAB9XicbVDJSgNBEK2JW4xb1KOXxihE1DAT0XgMevEYwSyQTEJPpydp0rPQ3aMMQ/7CgxcPinj1X7zlb+wsB018UPB4r4qqek7ImVSmOTJSS8srq2vp9czG5tb2TnZ3ryaDSBBaJQEPRMPBknLm06piitNGKCj2HE7rzuB27NcfqZAs8B9UHFLbwz2fuYxgpaV2/rxYaptn6Pzism2edLI5s2BOgBaJNSO58lHr9HlUjiud7HerG5DIo74iHEvZtMxQ2QkWihFOh5lWJGmIyQD3aFNTH3tU2snk6iE61koXuYHQ5Ss0UX9PJNiTMvYc3elh1Zfz3lj8z2tGyr22E+aHkaI+mS5yI45UgMYRoC4TlCgea4KJYPpWRPpYYKJ0UBkdgjX/8iKpFQvWVaF4r9O4gSnScACHkAcLSlCGO6hAFQgIeIE3eDeejFfjw/ictqaM2cw+/IHx9QOkhpL+</latexit>

(�270,�350)

<latexit sha1_base64="cWRGGbEguh19a4aamYxRRxsMERU=">AAAB/XicbVDLSgMxFM3UV62vUbtzEyyCqzLThXZnUUSXFewD2rFk0kwbmmSGJCO0Q/FX3LhQpFv/w53L/oJfYPpYaOuBC4dz7uXee/yIUaUd58tKrayurW+kNzNb2zu7e/b+QVWFscSkgkMWyrqPFGFUkIqmmpF6JAniPiM1v3c18WuPRCoainvdj4jHUUfQgGKkjdSys9dNRTl0nYfELQ5hU3JIqi075+SdKeAyceckd/E9vhllB+Nyy/5stkMccyI0ZkiphutE2kuQ1BQzMsw0Y0UihHuoQxqGCsSJ8pLp9UN4YpQ2DEJpSmg4VX9PJIgr1ee+6eRId9WiNxH/8xqxDopeQkUUayLwbFEQM6hDOIkCtqkkWLO+IQhLam6FuIskwtoEljEhuIsvL5NqIe+e5Qt3Tq50CWZIgyNwDE6BC85BCdyCMqgADAbgGbyCN+vJerHerdGsNWXNZw7BH1gfP0/4mEw=</latexit>

E ⇠ 1018eV

<latexit sha1_base64="WhvtXrKtSeEVBerCeDXxtKuMJdI=">AAAB7nicbZDLSgMxFIbPeK31Vi87N8EiuCozBS87iy50WcFeoB1KJs20oUlmSDJCHfoQblwo4taVD+POZV/BJzC9LLT1h8DH/59DzjlBzJk2rvvlLCwuLa+sZtay6xubW9u5nd2qjhJFaIVEPFL1AGvKmaQVwwyn9VhRLAJOa0HvapTX7qnSLJJ3ph9TX+COZCEj2FirdtLUrCNwK5d3C+5YaB68KeQvvofXH/sPw3Ir99lsRyQRVBrCsdYNz42Nn2JlGOF0kG0mmsaY9HCHNixKLKj20/G4A3RknTYKI2WfNGjs/u5IsdC6LwJbKbDp6tlsZP6XNRITnvspk3FiqCSTj8KEIxOh0e6ozRQlhvctYKKYnRWRLlaYGHuhrD2CN7vyPFSLBe+0ULx186VLmCgDB3AIx+DBGZTgBspQAQI9eIRneHFi58l5dd4mpQvOtGcP/sh5/wEVEpPb</latexit>

5�



adopted from ANITA
[Gorham-2016]

Large angles                 imply traversing  through Earth very 
large distance (below horizon), considered anomalous.  
Small angles             correspond CR propagation above 
horizon, and considered normal events.   

<latexit sha1_base64="GIv5N4WhgTqt0uHB7NAaeer93KU=">AAAB9XicbVDJSgNBEK2JW4xb1KOXxihE1DAT0XgMevEYwSyQTEJPpydp0rPQ3aMMQ/7CgxcPinj1X7zlb+wsB018UPB4r4qqek7ImVSmOTJSS8srq2vp9czG5tb2TnZ3ryaDSBBaJQEPRMPBknLm06piitNGKCj2HE7rzuB27NcfqZAs8B9UHFLbwz2fuYxgpaV2/rxYaptn6Pzism2edLI5s2BOgBaJNSO58lHr9HlUjiud7HerG5DIo74iHEvZtMxQ2QkWihFOh5lWJGmIyQD3aFNTH3tU2snk6iE61koXuYHQ5Ss0UX9PJNiTMvYc3elh1Zfz3lj8z2tGyr22E+aHkaI+mS5yI45UgMYRoC4TlCgea4KJYPpWRPpYYKJ0UBkdgjX/8iKpFQvWVaF4r9O4gSnScACHkAcLSlCGO6hAFQgIeIE3eDeejFfjw/ictqaM2cw+/IHx9QOkhpL+</latexit>

(�270,�350)

<latexit sha1_base64="DGAR2KGybL9MdpuYzzZtz9LJrl8=">AAAB83icbVDLSsNAFL2pr1pfVZduBqtQEUtS8LEsunFZwT6giWUyndShk0mYmQgh9C/EjQtF3Poz7vo3Th8LbT1w4XDOvdx7jx9zprRtj6zc0vLK6lp+vbCxubW9U9zda6ookYQ2SMQj2faxopwJ2tBMc9qOJcWhz2nLH9yM/dYTlYpF4l6nMfVC3BcsYARrI7nIVSxE5bPzB/ukWyzZFXsCtEicGSnVjtzT51EtrXeL324vIklIhSYcK9Vx7Fh7GZaaEU6HBTdRNMZkgPu0Y6jAIVVeNrl5iI6N0kNBJE0JjSbq74kMh0qloW86Q6wf1bw3Fv/zOokOrryMiTjRVJDpoiDhSEdoHADqMUmJ5qkhmEhmbkXkEUtMtImpYEJw5l9eJM1qxbmoVO9MGtcwRR4O4BDK4MAl1OAW6tAAAjG8wBu8W4n1an1Yn9PWnDWb2Yc/sL5+AL87kyw=</latexit>

⇠ (�50)



a) anomalous event, non-inverted polarity (         )
<latexit sha1_base64="Vj1crazr0jhYLH4ReKfsRAO+jCY=">AAAB7HicbVC7SgNBFL0bXzG+Vi1tBoNgY9iN+CiDNhYWEdwkENcwO5lNhszOLjOzQliCn2BjoYitnb2FX2Hn3zh5FJp44MLhnHu5954g4Uxpx/m2cnPzC4tL+eXCyura+oa9uVVTcSoJ9UjMY9kIsKKcCepppjltJJLiKOC0HvTOh379jkrFYnGt+wn1I9wRLGQEayN5B4dHt07LLjolZwQ0S9wJKVbsj8v3+ud9tWV/3bRjkkZUaMKxUk3XSbSfYakZ4XRQuEkVTTDp4Q5tGipwRJWfjY4doD2jtFEYS1NCo5H6eyLDkVL9KDCdEdZdNe0Nxf+8ZqrDUz9jIkk1FWS8KEw50jEafo7aTFKied8QTCQztyLSxRITbfIpmBDc6ZdnSa1cco9L5SuTxhmMkYcd2IV9cOEEKnABVfCAAIMHeIJnS1iP1ov1Om7NWZOZbfgD6+0HTbGRZQ==</latexit>

�350

d) normal event with inverted polarity due to the 
reflection of the conventional CR shower  (             )

<latexit sha1_base64="rTKmzK/jgnVrE581/aOa6WoU7Hc=">AAAB7nicbVC7SgNBFL0bXzG+Vi1tBoNg47IbIbEM2lhYRDDZQLKG2clsMmT2wcysEJbgN9hYKGJrY2/hV9j5N04ehSYeuHA4517uvcdPOJPKtr+N3NLyyupafr2wsbm1vWPu7jVknApC6yTmsWj6WFLOIlpXTHHaTATFoc+p6w8uxr57R4VkcXSjhgn1QtyLWMAIVlpyT07LVuXW7phF27InQIvEmZFi1fy4enc/72sd86vdjUka0kgRjqVsOXaivAwLxQino0I7lTTBZIB7tKVphEMqvWxy7ggdaaWLgljoihSaqL8nMhxKOQx93Rli1Zfz3lj8z2ulKjjzMhYlqaIRmS4KUo5UjMa/oy4TlCg+1AQTwfStiPSxwETphAo6BGf+5UXSKFlO2Spd6zTOYYo8HMAhHIMDFajCJdSgDgQG8ABP8GwkxqPxYrxOW3PGbGYf/sB4+wE0WJHf</latexit>

�36.70

<latexit sha1_base64="vv1qpwjdHkS6EXi/+Jp2AdQVHWA=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAhd2JBUWl0W3bisYB/QpGUynbRDJ5MwMymUUH/BH3DjQhG3/oGf4M4Pce/0sdDWAxcO59zLvff4MaNS2faXsbK6tr6xmdnKbu/s7u2bB4d1GSUCkxqOWCSaPpKEUU5qiipGmrEgKPQZafiD64nfGBIhacTv1CgmXoh6nAYUI6WljmkWSlapbZ/Be1g4t8ptu2PmbMueAi4TZ05yFejmvz8e3GrH/HS7EU5CwhVmSMqWY8fKS5FQFDMyzrqJJDHCA9QjLU05Con00unlY3iqlS4MIqGLKzhVf0+kKJRyFPq6M0SqLxe9ifif10pUcOmllMeJIhzPFgUJgyqCkxhglwqCFRtpgrCg+laI+0ggrHRYWR2Cs/jyMqkXLadsFW91Gldghgw4BicgDxxwASrgBlRBDWAwBI/gGbwYqfFkvBpvs9YVYz5zBP7AeP8BDkSUYw==</latexit>

�5.50, � 3.60

adopted from ANITA
[Gorham-2016]

b), c)normal, above horizon CR events with non-inverted 
polarity.  Angles always are very small: (                   )



a journalist’s description of the problem. 
 

next slide is my understanding of the problem



10. ANITA anomalous events as AQN events 

The AQN exits the Earth interior being very hot with the 
temperature  

At such high temperature the             production becomes 
possible as suppression                       is not very dramatic  

At such high temperature a very strong AQN’s ionization 
(negative charge -Q) occurs.  Consequence: a strong 
electric field |E| within the electrosphere emerges.  

produced positrons from          will experience attraction 
force and assume location close to the AQN’s surface 

Produced electrons from          will experience repulsion 
force and will be accelerated to high energy                         
by electric field |E| before expel from the system                     

<latexit sha1_base64="HukoKaPT+dCB7m2M45VXQTmeznQ=">AAAB+3icbVC7TsMwFHXKq5RXKGwsFhUSU5V0ADYqGGAsUl9SE1WO67RWbSeyHUSJyqewMIAQYuNH2Bj7C3wB7mOAliNd6eice3XvPUHMqNKO82VllpZXVtey67mNza3tHXs3X1dRIjGp4YhFshkgRRgVpKapZqQZS4J4wEgj6F+O/cYtkYpGoqoHMfE56goaUoy0kdp2vuopymHJcR6gJznsk3rbLjhFZwK4SNwZKZx/j67e9+9Hlbb96XUinHAiNGZIqZbrxNpPkdQUMzLMeYkiMcJ91CUtQwXiRPnp5PYhPDJKB4aRNCU0nKi/J1LElRrwwHRypHtq3huL/3mtRIdnfkpFnGgi8HRRmDCoIzgOAnaoJFizgSEIS2puhbiHJMLaxJUzIbjzLy+SeqnonhRLN06hfAGmyIIDcAiOgQtOQRlcgwqoAQzuwCN4Bi/W0HqyXq23aWvGms3sgT+wPn4AFq6Xog==</latexit>

T ⇠ 200 keV

<latexit sha1_base64="EOySbUWjBaRB3nYopTMI7BIkIxU=">AAAB7XicbZC7SgNBFIZnvcZ4i5fOZjAIghh2U6idQQstI5gLJJswOzmbjJndWWZmhbjkHWwsFLG182HsLPMKPoGTS6GJPwx8/P85zDnHizhT2ra/rLn5hcWl5dRKenVtfWMzs7VdViKWFEpUcCGrHlHAWQglzTSHaiSBBB6Hite9HOaVe5CKifBW9yJwA9IOmc8o0cYqQ+MIGsfNTNbO2SPhWXAmkD3/Hlx97D4Mis3MZ70laBxAqCknStUcO9JuQqRmlEM/XY8VRIR2SRtqBkMSgHKT0bR9fGCcFvaFNC/UeOT+7khIoFQv8ExlQHRHTWdD87+sFmv/zE1YGMUaQjr+yI851gIPV8ctJoFq3jNAqGRmVkw7RBKqzYHS5gjO9MqzUM7nnJNc/sbOFi7QWCm0h/bRIXLQKSqga1REJUTRHXpEz+jFEtaT9Wq9jUvnrEnPDvoj6/0HxMSTDQ==</latexit>

e+e�

<latexit sha1_base64="6DbiT+b3ascBFT8rw5GTnRveuB8=">AAACDnicbZDLSgMxFIYz9VbrrerSTbAWBKHMdKEuiyK4ESrYC3RKyaSnbWiSGZKMUIb6Am5c+CJuXCji1rW7vo3pZaGtPwQ+/nMOJ+cPIs60cd2Rk1paXlldS69nNja3tneyu3tVHcaKQoWGPFT1gGjgTELFMMOhHikgIuBQC/qX43rtHpRmobwzgwiagnQl6zBKjLVa2bzPiexywFe+moKvmcCe+4ATXwmMb6A6xK1szi24E+FF8GaQKx35J8+j0qDcyn777ZDGAqShnGjd8NzINBOiDKMchhk/1hAR2iddaFiURIBuJpNzhjhvnTbuhMo+afDE/T2REKH1QAS2UxDT0/O1sflfrRGbznkzYTKKDUg6XdSJOTYhHmeD20wBNXxggVDF7F8x7RFFqLEJZmwI3vzJi1AtFrzTQvHWpnGBpkqjA3SIjpGHzlAJXaMyqiCKHtELekPvzpPz6nw4n9PWlDOb2Ud/5Hz9AOuLnbk=</latexit>

hEi ⇠ 10 MeV

<latexit sha1_base64="EOySbUWjBaRB3nYopTMI7BIkIxU=">AAAB7XicbZC7SgNBFIZnvcZ4i5fOZjAIghh2U6idQQstI5gLJJswOzmbjJndWWZmhbjkHWwsFLG182HsLPMKPoGTS6GJPwx8/P85zDnHizhT2ra/rLn5hcWl5dRKenVtfWMzs7VdViKWFEpUcCGrHlHAWQglzTSHaiSBBB6Hite9HOaVe5CKifBW9yJwA9IOmc8o0cYqQ+MIGsfNTNbO2SPhWXAmkD3/Hlx97D4Mis3MZ70laBxAqCknStUcO9JuQqRmlEM/XY8VRIR2SRtqBkMSgHKT0bR9fGCcFvaFNC/UeOT+7khIoFQv8ExlQHRHTWdD87+sFmv/zE1YGMUaQjr+yI851gIPV8ctJoFq3jNAqGRmVkw7RBKqzYHS5gjO9MqzUM7nnJNc/sbOFi7QWCm0h/bRIXLQKSqga1REJUTRHXpEz+jFEtaT9Wq9jUvnrEnPDvoj6/0HxMSTDQ==</latexit>

e+e�

<latexit sha1_base64="EOySbUWjBaRB3nYopTMI7BIkIxU=">AAAB7XicbZC7SgNBFIZnvcZ4i5fOZjAIghh2U6idQQstI5gLJJswOzmbjJndWWZmhbjkHWwsFLG182HsLPMKPoGTS6GJPwx8/P85zDnHizhT2ra/rLn5hcWl5dRKenVtfWMzs7VdViKWFEpUcCGrHlHAWQglzTSHaiSBBB6Hite9HOaVe5CKifBW9yJwA9IOmc8o0cYqQ+MIGsfNTNbO2SPhWXAmkD3/Hlx97D4Mis3MZ70laBxAqCknStUcO9JuQqRmlEM/XY8VRIR2SRtqBkMSgHKT0bR9fGCcFvaFNC/UeOT+7khIoFQv8ExlQHRHTWdD87+sFmv/zE1YGMUaQjr+yI851gIPV8ctJoFq3jNAqGRmVkw7RBKqzYHS5gjO9MqzUM7nnJNc/sbOFi7QWCm0h/bRIXLQKSqga1REJUTRHXpEz+jFEtaT9Wq9jUvnrEnPDvoj6/0HxMSTDQ==</latexit>

e+e�



Precisely this bunch of electrons emitted at the 
same instant from the same location with very high 
energy                     produce a coherent radio pulse 
in the background of geomagnetic B-field   

A typical number of coherent electrons in a bunch 
is estimated on the level              to be compared with 
number                      in EAS with 

Therefore, the AQN-induced and CR-induced radio 
signals must be similar in intensity 

The electric field of the radio pulse at distance     
is computed in conventional way:           
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Typical features of the synchrotron spectrum: it is 
approximately flat with critical (cutoff) frequency 

Typical duration of the signal is                   : 

Typical intensity of the pulse is 

 Typical power density is 

All these values (including the event rate) are very 
close to the observed magnitudes recorded by ANITA 
and classified as Anomalous events, see slide below
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There are dramatic differences with conventional CR 
radio pulses such that CR-induced and AQN-induced 
radio pulses  can be easily discriminated: 

1. The extensive air showers (EAS)  are characterized 
by “central axis” and “pancake” geometry. These 
notions do not exist in the AQN scenario; 

2.  In particular, the width of the “pancake” growth 
with the distance from central axis in EAS. It 
dramatically modifies the spectrum and intensity of 
the emission (when the wavelength becomes shorter 
than the width) because the coherence diminishes.  

3.  The cutoff frequency strongly depends on this 
effect. It should be contrasted with AQN-induced 
case when particle number density does not depend 
on distance from central axis. 



                       Conclusion                

"Non- baryonic Dark matter" could be ordinary  
baryonic matter (we know and love) which is in non- 
hadronic colour superconducting phase, the  AQN    

Ratio:                             is very generic consequence 
of this framework (no sensitivity to axion mass        , 
nor to the misalignment angle            ). It is the 
direct consequence of the framework when   both 
components are proportional to one and the same 
fundamental           scale.  

This model offers a simultaneous  resolution of a 
number (naively unrelated) old mysteries: DM, 
baryogenesis, FUV exotic radiation +many more 
puzzling and unexplained yet phenomena 
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(charge separation)
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Primordial 
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mysterious FUV radiation
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From Dima Budker’s talk “More elephants in the room”.
He discussed numerous problems on DM, matter-antimatter 
asymmetry, similarity between DM and visible matter, etc    



My vision of the elephant in the room:  we are the heroes 
from the poem of John Godfrey Saxe “ Blind men and the 

elephant” 



The main essence of my talk: different people (from different 
fields conducting different experiments around the Globe), 
in fact, observe and study different parts of a body of the 

same elephant



Do we have an extraordinary evidence to make our 
extraordinary claim? 

Time will tell…





Backup slides. Few comments 
on formation mechanism and 

survival pattern 



1. Common misconceptions on formation
There is a misconception that the topological defects 
(such as the domain walls) can only be formed if the 
PQ phase transition occurs after the inflation. 

However: the N=1 domain wall interpolates between 
topologically distinct, but physically identical 
vacuum states like in sine-Gordon model                   . 
These distinct topological sectors must be present 
inside the same horizon such that inflation cannot 
separate them. 

The N=1  axion domain walls always exist when     
interpolates between one and the same physical 
vacuum state:                        .  Axion strings  are 
irrelevant in formation of the closed bubbles of the 
axion domain walls which eventually make AQNs  
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We always assume that                . However N=1 axion 
closed domain walls still will be formed.   

In fact, the numerical simulations [Vilenkin et al, 1994] 
suggest that approximately 87% of total wall area of 
N=1 DW belong to percolated  cluster (13% are small 
closed bubbles of different topology) 

The Fermi pressure prevents the small closed bubbles 
from collapse and decaying to the axions. The axion 
strings are irrelevant elements here.  

The conventional picture of the evolution of the 
network  (DW+strings) applies to the percolated 
cluster. It does not apply to closed bubbles.  

The proper classification is           where      can be 
thought as the Brillouin zone number in CM physics.  
The        periodicity in      can be restored if all          
topological sectors are present in the system 

HI < fPQ
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The N=1 axion domain wall corresponds to the 
interpolation                             when both states 
are physically identical states. These states 
obviously present in the system irrespectively to 
the inflationary scale                                     . 

Another argument supporting the same claim is 
based on the duality when the domain wall 
solution in Sine Gordon axion potential                          
with                           is  formulated in terms of the 
dual local     field.  

Locality obviously implies that this       field 
cannot be removed outside the horizon during the 
inflationary epoch because it would violate the 
fundamental property of the theory.   

|k = 0i ! |k = 1i
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HI < fPQ or HI > fPQ
<latexit sha1_base64="uoMFeDMQBxs+p5bToCNyydg8nnM=">AAACD3icbZC7TgJBFIbP4g3xtmppM5FIrMiujRbGEG2wg0QuCZDN7DALE2YvmZk1IRt4AhtfxUILjaG1tfNB7J0FCgVP9eX/z8k553cjzqSyrC8js7K6tr6R3cxtbe/s7pn7B3UZxoLQGgl5KJoulpSzgNYUU5w2I0Gx73LacAc3qd+4p0KyMLhTw4h2fNwLmMcIVlpyzELZuUWXnpNUqiM0Hidt4aNQoJRRal3NLMfMW0VrWmgZ7DnkS4Xv5wkAVBzzs90NSezTQBGOpWzZVqQ6CRaKEU5HuXYsaYTJAPdoS2OAfSo7yfSfETrRShd5+g4vDBSaqr8nEuxLOfRd3elj1ZeLXir+57Vi5V10EhZEsaIBmS3yYo5UiNJwUJcJShQfasBEMH0rIn0sMFE6wpwOwV58eRnqZ0XbKtpVncY1zCoLR3AMp2DDOZSgDBWoAYEHeIJXeDMejRfj3ZjMWjPGfOYQ/pTx8QN4RZ32</latexit><latexit sha1_base64="2FzvAEhKKmwPTncclsmr/ZJMxYE=">AAACD3icbZC7TsMwFIYdrqXlEmBksaiomKqEBQaEKljK1kr0IrVV5LhOa9WJI9upVEXtE7DwKgwwgBASEysbDwIzTtMBWs706f/P0Tnnd0NGpbKsT2NpeWV1bT2zkc1tbm3vmLt7dckjgUkNc8ZF00WSMBqQmqKKkWYoCPJdRhru4CrxG0MiJOXBjRqFpOOjXkA9ipHSkmMWys41PPecuFIdw8kkbgsfcgEThol1kVqOmbeK1rTgItgzyJcKXw9vw9x3xTE/2l2OI58ECjMkZcu2QtWJkVAUMzLOtiNJQoQHqEdaGgPkE9mJp/+M4ZFWutDTd3g8UHCq/p6IkS/lyHd1p49UX857ifif14qUd9aJaRBGigQ4XeRFDCoOk3BglwqCFRtpQFhQfSvEfSQQVjrCrA7Bnn95EeonRdsq2lWdxiVIKwMOwCE4BjY4BSVQBhVQAxjcgnvwBJ6NO+PReDFe09YlYzazD/6U8f4DcOWfcA==</latexit><latexit sha1_base64="2FzvAEhKKmwPTncclsmr/ZJMxYE=">AAACD3icbZC7TsMwFIYdrqXlEmBksaiomKqEBQaEKljK1kr0IrVV5LhOa9WJI9upVEXtE7DwKgwwgBASEysbDwIzTtMBWs706f/P0Tnnd0NGpbKsT2NpeWV1bT2zkc1tbm3vmLt7dckjgUkNc8ZF00WSMBqQmqKKkWYoCPJdRhru4CrxG0MiJOXBjRqFpOOjXkA9ipHSkmMWys41PPecuFIdw8kkbgsfcgEThol1kVqOmbeK1rTgItgzyJcKXw9vw9x3xTE/2l2OI58ECjMkZcu2QtWJkVAUMzLOtiNJQoQHqEdaGgPkE9mJp/+M4ZFWutDTd3g8UHCq/p6IkS/lyHd1p49UX857ifif14qUd9aJaRBGigQ4XeRFDCoOk3BglwqCFRtpQFhQfSvEfSQQVjrCrA7Bnn95EeonRdsq2lWdxiVIKwMOwCE4BjY4BSVQBhVQAxjcgnvwBJ6NO+PReDFe09YlYzazD/6U8f4DcOWfcA==</latexit><latexit sha1_base64="2FzvAEhKKmwPTncclsmr/ZJMxYE=">AAACD3icbZC7TsMwFIYdrqXlEmBksaiomKqEBQaEKljK1kr0IrVV5LhOa9WJI9upVEXtE7DwKgwwgBASEysbDwIzTtMBWs706f/P0Tnnd0NGpbKsT2NpeWV1bT2zkc1tbm3vmLt7dckjgUkNc8ZF00WSMBqQmqKKkWYoCPJdRhru4CrxG0MiJOXBjRqFpOOjXkA9ipHSkmMWys41PPecuFIdw8kkbgsfcgEThol1kVqOmbeK1rTgItgzyJcKXw9vw9x3xTE/2l2OI58ECjMkZcu2QtWJkVAUMzLOtiNJQoQHqEdaGgPkE9mJp/+M4ZFWutDTd3g8UHCq/p6IkS/lyHd1p49UX857ifif14qUd9aJaRBGigQ4XeRFDCoOk3BglwqCFRtpQFhQfSvEfSQQVjrCrA7Bnn95EeonRdsq2lWdxiVIKwMOwCE4BjY4BSVQBhVQAxjcgnvwBJ6NO+PReDFe09YlYzazD/6U8f4DcOWfcA==</latexit><latexit sha1_base64="DCunGDN5f3tRVdkY5bCMUyYPs/A=">AAACD3icbZC7TsMwFIadcivlFmBksahATFXCAgNCFSxlayV6kdooclynterYke0gVVH7BCy8CgsDCLGysvE2OG0GaDnTp/8/R+ecP4gZVdpxvq3Cyura+kZxs7S1vbO7Z+8ftJRIJCZNLJiQnQApwignTU01I51YEhQFjLSD0W3mtx+IVFTwez2OiRehAachxUgbybdPa/4dvAr9tN6YwOk07ckICgkzhpl1Pbd8u+xUnFnBZXBzKIO86r791esLnESEa8yQUl3XibWXIqkpZmRS6iWKxAiP0IB0DXIUEeWls38m8MQofRiaO0LBNZypvydSFCk1jgLTGSE9VIteJv7ndRMdXnop5XGiCcfzRWHCoBYwCwf2qSRYs7EBhCU1t0I8RBJhbSIsmRDcxZeXoXVecZ2K23DK1Zs8jiI4AsfgDLjgAlRBDdRBE2DwCJ7BK3iznqwX6936mLcWrHzmEPwp6/MHqx+bJQ==</latexit>

V (✓) ⇠ cos ✓
<latexit sha1_base64="+Jp2uhIILcOuqoOy/dZGFlvyxks=">AAACAXicbVC7SgNBFL0bXzG+Vm0Em8EoRISwa6Nl0MYygnlAdgmzk0kyZPbBzF0hhNj4IxY2ForY+hd2/o2TbApNPHDhzDn3MveeIJFCo+N8W7ml5ZXVtfx6YWNza3vH3t2r6zhVjNdYLGPVDKjmUkS8hgIlbyaK0zCQvBEMrid+454rLeLoDocJ90Pai0RXMIpGatsH9ZKHfY701NMiJB6LdfZu20Wn7ExBFok7I8XKsXf2BADVtv3ldWKWhjxCJqnWLddJ0B9RhYJJPi54qeYJZQPa4y1DIxpy7Y+mF4zJiVE6pBsrUxGSqfp7YkRDrYdhYDpDin09703E/7xWit1LfySiJEUeseyjbioJxmQSB+kIxRnKoSGUKWF2JaxPFWVoQiuYENz5kxdJ/bzsOmX31qRxBRnycAhHUAIXLqACN1CFGjB4gGd4hTfr0Xqx3q2PrDVnzWb24Q+szx8AgJgT</latexit><latexit sha1_base64="sQNtxdCJGQszpR3BT/mAXm88dYk=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAVKkJJ3Oiy6MZlBfuAJpTJdNoOnUnCzI0QQt34C36CGxeKuPUv3PVvnDYutPXAhTPn3Mvce4JYcA2OM7EKS8srq2vF9dLG5tb2jr2719RRoihr0EhEqh0QzQQPWQM4CNaOFSMyEKwVjK6nfuueKc2j8A7SmPmSDELe55SAkbr2QbPiwZABOfU0l9ijkc7fXbvsVJ0Z8CJxf0i5duydPU1qab1rf3m9iCaShUAF0brjOjH4GVHAqWDjkpdoFhM6IgPWMTQkkmk/m10wxidG6eF+pEyFgGfq74mMSK1TGZhOSWCo572p+J/XSaB/6Wc8jBNgIc0/6icCQ4SnceAeV4yCSA0hVHGzK6ZDoggFE1rJhODOn7xImudV16m6tyaNK5SjiA7REaogF12gGrpBddRAFD2gZ/SK3qxH68V6tz7y1oL1M7OP/sD6/AYJ6pmZ</latexit><latexit sha1_base64="sQNtxdCJGQszpR3BT/mAXm88dYk=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAVKkJJ3Oiy6MZlBfuAJpTJdNoOnUnCzI0QQt34C36CGxeKuPUv3PVvnDYutPXAhTPn3Mvce4JYcA2OM7EKS8srq2vF9dLG5tb2jr2719RRoihr0EhEqh0QzQQPWQM4CNaOFSMyEKwVjK6nfuueKc2j8A7SmPmSDELe55SAkbr2QbPiwZABOfU0l9ijkc7fXbvsVJ0Z8CJxf0i5duydPU1qab1rf3m9iCaShUAF0brjOjH4GVHAqWDjkpdoFhM6IgPWMTQkkmk/m10wxidG6eF+pEyFgGfq74mMSK1TGZhOSWCo572p+J/XSaB/6Wc8jBNgIc0/6icCQ4SnceAeV4yCSA0hVHGzK6ZDoggFE1rJhODOn7xImudV16m6tyaNK5SjiA7REaogF12gGrpBddRAFD2gZ/SK3qxH68V6tz7y1oL1M7OP/sD6/AYJ6pmZ</latexit><latexit sha1_base64="sQNtxdCJGQszpR3BT/mAXm88dYk=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAVKkJJ3Oiy6MZlBfuAJpTJdNoOnUnCzI0QQt34C36CGxeKuPUv3PVvnDYutPXAhTPn3Mvce4JYcA2OM7EKS8srq2vF9dLG5tb2jr2719RRoihr0EhEqh0QzQQPWQM4CNaOFSMyEKwVjK6nfuueKc2j8A7SmPmSDELe55SAkbr2QbPiwZABOfU0l9ijkc7fXbvsVJ0Z8CJxf0i5duydPU1qab1rf3m9iCaShUAF0brjOjH4GVHAqWDjkpdoFhM6IgPWMTQkkmk/m10wxidG6eF+pEyFgGfq74mMSK1TGZhOSWCo572p+J/XSaB/6Wc8jBNgIc0/6icCQ4SnceAeV4yCSA0hVHGzK6ZDoggFE1rJhODOn7xImudV16m6tyaNK5SjiA7REaogF12gGrpBddRAFD2gZ/SK3qxH68V6tz7y1oL1M7OP/sD6/AYJ6pmZ</latexit><latexit sha1_base64="1gESMMZQu6xgvLf4OR7YH6IfC90=">AAACAXicbVDLSgMxFM34rPU16kZwEyxC3ZQZN7osunFZwT6gM5RMmmlDk8mQ3BHKUDf+ihsXirj1L9z5N6btLLT1wIWTc+4l954oFdyA5307K6tr6xubpa3y9s7u3r57cNgyKtOUNakSSnciYpjgCWsCB8E6qWZERoK1o9HN1G8/MG24Su5hnLJQkkHCY04JWKnnHreqAQwZkPPAcIkDqsz83XMrXs2bAS8TvyAVVKDRc7+CvqKZZAlQQYzp+l4KYU40cCrYpBxkhqWEjsiAdS1NiGQmzGcXTPCZVfo4VtpWAnim/p7IiTRmLCPbKQkMzaI3Ff/zuhnEV2HOkzQDltD5R3EmMCg8jQP3uWYUxNgSQjW3u2I6JJpQsKGVbQj+4snLpHVR872af+dV6tdFHCV0gk5RFfnoEtXRLWqgJqLoET2jV/TmPDkvzrvzMW9dcYqZI/QHzucP6zyWiA==</latexit>

✓ ! ✓ + 2⇡n
 

<latexit sha1_base64="X8VYXR27UVcikZn6TsFXvluDDFY=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoOgTbiz0TJoYxnBxEDuCHubvWTJ7t6xOyeEI3/BxkIRW/+Qnf/GzUehiQ8GHu/NMDMvzqSw6PvfXmltfWNzq7xd2dnd2z+oHh61bZobxlsslanpxNRyKTRvoUDJO5nhVMWSP8aj26n/+MSNFal+wHHGI0UHWiSCUZxKYWZFr1rz6/4MZJUEC1JrkPACHJq96lfYT1muuEYmqbXdwM8wKqhBwSSfVMLc8oyyER3wrqOaKm6jYnbrhJw5pU+S1LjSSGbq74mCKmvHKnadiuLQLntT8T+vm2NyHRVCZzlyzeaLklwSTMn0cdIXhjOUY0coM8LdStiQGsrQxVNxIQTLL6+S9mU98OvBvUvjBuYowwmcwjkEcAUNuIMmtIDBEJ7hFd485b14797HvLXkLWaO4Q+8zx9ZB48r</latexit><latexit sha1_base64="F5tJSSoVhNIJv3LWHHGeVq8+ack=">AAAB63icbVDLSsNAFL2pr1pfVZduBovQVUnc6LLoxmUF+4AmlMl00g6dmYSZiVBCf0EXLhRx64/4Ce78EPdO0i609cCFwzn3cu89YcKZNq775ZTW1jc2t8rblZ3dvf2D6uFRR8epIrRNYh6rXog15UzStmGG016iKBYhp91wcp373XuqNIvlnZkmNBB4JFnECDa55CeaDao1t+EWQKvEW5BaE/n1749HvzWofvrDmKSCSkM41rrvuYkJMqwMI5zOKn6qaYLJBI9o31KJBdVBVtw6Q2dWGaIoVrakQYX6eyLDQuupCG2nwGasl71c/M/rpya6DDImk9RQSeaLopQjE6P8cTRkihLDp5Zgopi9FZExVpgYG0/FhuAtv7xKOucNz214tzaNK5ijDCdwCnXw4AKacAMtaAOBMTzAM7w4wnlyXp23eWvJWcwcwx847z/el5HM</latexit><latexit sha1_base64="F5tJSSoVhNIJv3LWHHGeVq8+ack=">AAAB63icbVDLSsNAFL2pr1pfVZduBovQVUnc6LLoxmUF+4AmlMl00g6dmYSZiVBCf0EXLhRx64/4Ce78EPdO0i609cCFwzn3cu89YcKZNq775ZTW1jc2t8rblZ3dvf2D6uFRR8epIrRNYh6rXog15UzStmGG016iKBYhp91wcp373XuqNIvlnZkmNBB4JFnECDa55CeaDao1t+EWQKvEW5BaE/n1749HvzWofvrDmKSCSkM41rrvuYkJMqwMI5zOKn6qaYLJBI9o31KJBdVBVtw6Q2dWGaIoVrakQYX6eyLDQuupCG2nwGasl71c/M/rpya6DDImk9RQSeaLopQjE6P8cTRkihLDp5Zgopi9FZExVpgYG0/FhuAtv7xKOucNz214tzaNK5ijDCdwCnXw4AKacAMtaAOBMTzAM7w4wnlyXp23eWvJWcwcwx847z/el5HM</latexit><latexit sha1_base64="F5tJSSoVhNIJv3LWHHGeVq8+ack=">AAAB63icbVDLSsNAFL2pr1pfVZduBovQVUnc6LLoxmUF+4AmlMl00g6dmYSZiVBCf0EXLhRx64/4Ce78EPdO0i609cCFwzn3cu89YcKZNq775ZTW1jc2t8rblZ3dvf2D6uFRR8epIrRNYh6rXog15UzStmGG016iKBYhp91wcp373XuqNIvlnZkmNBB4JFnECDa55CeaDao1t+EWQKvEW5BaE/n1749HvzWofvrDmKSCSkM41rrvuYkJMqwMI5zOKn6qaYLJBI9o31KJBdVBVtw6Q2dWGaIoVrakQYX6eyLDQuupCG2nwGasl71c/M/rpya6DDImk9RQSeaLopQjE6P8cTRkihLDp5Zgopi9FZExVpgYG0/FhuAtv7xKOucNz214tzaNK5ijDCdwCnXw4AKacAMtaAOBMTzAM7w4wnlyXp23eWvJWcwcwx847z/el5HM</latexit><latexit sha1_base64="TMETQLosd9J36B0mw0j5UawapRU=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5stAzaWEYwH5AcYW+zlyzZ3Tt254QQ8hdsLBSx9Q/Z+W/cS67QxAcDj/dmmJkXpVJY9P1vr7SxubW9U96t7O0fHB5Vj0/aNskM4y2WyMR0I2q5FJq3UKDk3dRwqiLJO9HkLvc7T9xYkehHnKY8VHSkRSwYxVzqp1YMqjW/7i9A1klQkBoUaA6qX/1hwjLFNTJJre0FforhjBoUTPJ5pZ9ZnlI2oSPec1RTxW04W9w6JxdOGZI4Ma40koX6e2JGlbVTFblORXFsV71c/M/rZRjfhDOh0wy5ZstFcSYJJiR/nAyF4Qzl1BHKjHC3EjamhjJ08VRcCMHqy+ukfVUP/Hrw4Ncat0UcZTiDc7iEAK6hAffQhBYwGMMzvMKbp7wX7937WLaWvGLmFP7A+/wBIv+ORg==</latexit>

 
<latexit sha1_base64="X8VYXR27UVcikZn6TsFXvluDDFY=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoOgTbiz0TJoYxnBxEDuCHubvWTJ7t6xOyeEI3/BxkIRW/+Qnf/GzUehiQ8GHu/NMDMvzqSw6PvfXmltfWNzq7xd2dnd2z+oHh61bZobxlsslanpxNRyKTRvoUDJO5nhVMWSP8aj26n/+MSNFal+wHHGI0UHWiSCUZxKYWZFr1rz6/4MZJUEC1JrkPACHJq96lfYT1muuEYmqbXdwM8wKqhBwSSfVMLc8oyyER3wrqOaKm6jYnbrhJw5pU+S1LjSSGbq74mCKmvHKnadiuLQLntT8T+vm2NyHRVCZzlyzeaLklwSTMn0cdIXhjOUY0coM8LdStiQGsrQxVNxIQTLL6+S9mU98OvBvUvjBuYowwmcwjkEcAUNuIMmtIDBEJ7hFd485b14797HvLXkLWaO4Q+8zx9ZB48r</latexit><latexit sha1_base64="F5tJSSoVhNIJv3LWHHGeVq8+ack=">AAAB63icbVDLSsNAFL2pr1pfVZduBovQVUnc6LLoxmUF+4AmlMl00g6dmYSZiVBCf0EXLhRx64/4Ce78EPdO0i609cCFwzn3cu89YcKZNq775ZTW1jc2t8rblZ3dvf2D6uFRR8epIrRNYh6rXog15UzStmGG016iKBYhp91wcp373XuqNIvlnZkmNBB4JFnECDa55CeaDao1t+EWQKvEW5BaE/n1749HvzWofvrDmKSCSkM41rrvuYkJMqwMI5zOKn6qaYLJBI9o31KJBdVBVtw6Q2dWGaIoVrakQYX6eyLDQuupCG2nwGasl71c/M/rpya6DDImk9RQSeaLopQjE6P8cTRkihLDp5Zgopi9FZExVpgYG0/FhuAtv7xKOucNz214tzaNK5ijDCdwCnXw4AKacAMtaAOBMTzAM7w4wnlyXp23eWvJWcwcwx847z/el5HM</latexit><latexit sha1_base64="F5tJSSoVhNIJv3LWHHGeVq8+ack=">AAAB63icbVDLSsNAFL2pr1pfVZduBovQVUnc6LLoxmUF+4AmlMl00g6dmYSZiVBCf0EXLhRx64/4Ce78EPdO0i609cCFwzn3cu89YcKZNq775ZTW1jc2t8rblZ3dvf2D6uFRR8epIrRNYh6rXog15UzStmGG016iKBYhp91wcp373XuqNIvlnZkmNBB4JFnECDa55CeaDao1t+EWQKvEW5BaE/n1749HvzWofvrDmKSCSkM41rrvuYkJMqwMI5zOKn6qaYLJBI9o31KJBdVBVtw6Q2dWGaIoVrakQYX6eyLDQuupCG2nwGasl71c/M/rpya6DDImk9RQSeaLopQjE6P8cTRkihLDp5Zgopi9FZExVpgYG0/FhuAtv7xKOucNz214tzaNK5ijDCdwCnXw4AKacAMtaAOBMTzAM7w4wnlyXp23eWvJWcwcwx847z/el5HM</latexit><latexit sha1_base64="F5tJSSoVhNIJv3LWHHGeVq8+ack=">AAAB63icbVDLSsNAFL2pr1pfVZduBovQVUnc6LLoxmUF+4AmlMl00g6dmYSZiVBCf0EXLhRx64/4Ce78EPdO0i609cCFwzn3cu89YcKZNq775ZTW1jc2t8rblZ3dvf2D6uFRR8epIrRNYh6rXog15UzStmGG016iKBYhp91wcp373XuqNIvlnZkmNBB4JFnECDa55CeaDao1t+EWQKvEW5BaE/n1749HvzWofvrDmKSCSkM41rrvuYkJMqwMI5zOKn6qaYLJBI9o31KJBdVBVtw6Q2dWGaIoVrakQYX6eyLDQuupCG2nwGasl71c/M/rpya6DDImk9RQSeaLopQjE6P8cTRkihLDp5Zgopi9FZExVpgYG0/FhuAtv7xKOucNz214tzaNK5ijDCdwCnXw4AKacAMtaAOBMTzAM7w4wnlyXp23eWvJWcwcwx847z/el5HM</latexit><latexit sha1_base64="TMETQLosd9J36B0mw0j5UawapRU=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5stAzaWEYwH5AcYW+zlyzZ3Tt254QQ8hdsLBSx9Q/Z+W/cS67QxAcDj/dmmJkXpVJY9P1vr7SxubW9U96t7O0fHB5Vj0/aNskM4y2WyMR0I2q5FJq3UKDk3dRwqiLJO9HkLvc7T9xYkehHnKY8VHSkRSwYxVzqp1YMqjW/7i9A1klQkBoUaA6qX/1hwjLFNTJJre0FforhjBoUTPJ5pZ9ZnlI2oSPec1RTxW04W9w6JxdOGZI4Ma40koX6e2JGlbVTFblORXFsV71c/M/rZRjfhDOh0wy5ZstFcSYJJiR/nAyF4Qzl1BHKjHC3EjamhjJ08VRcCMHqy+ukfVUP/Hrw4Ncat0UcZTiDc7iEAK6hAffQhBYwGMMzvMKbp7wX7937WLaWvGLmFP7A+/wBIv+ORg==</latexit>



2. AQN formation: accretion of the baryon 
charge on a single closed bubble. 

We assume that initial size of the bubble                is 
sufficiently large such that one can locally treat 
the surface of the closed bubble being flat, i.e. the 
problem is effectively reduced to 2D system. 

where            is axion DW profile,                   field.  

           describe the original      fermi field (2 spin 
states)  in effective 2D system in DW background. 
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The key point is that some DW may carry the baryon 
(anti-baryon) charge, depending on the boundary 
conditions  

The baryon charge in general assumes a nonzero 
value, depending on boundary conditions 

The effect is similar to fractional charge 
localization on DW. It can be thought as spontaneous 
Charge Separation Effect during DW formation 

Key point: periodic fields                       may assume 
physically identical, but distinct vacuum values 
during the QCD phase transition.   
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Another conceptual question: why the baryons 
cannot easily leak through very wide axion DW? 

There is QCD substructure in form of the       
flavour-singlet field. This field is knotted with 
the axion field by construction. It implies that      
and axion fields cannot be unknotted separately 
as they are topologically linked.  

The axion field is localized well outside the 
nugget and strongly overlaps with itself. 
However, it cannot be unknotted because it is 
linked to the      portion of the DW. 

As the                 the configuration becomes 
energetically stable as a result of equilibration 
between fermi pressure and DW pressure (with     ) 
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3.  AQN formation: time evolution  

The equation of motion which determines the time 
evolution of the nugget           is 

    -DW pressure,         -viscosity  (which effectively 
describes the “friction” of the system),  while in 
and out pressures are   

 We also need a relation between         and 
chemical potential           during the evolution 
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Time evolution of the AQN after the formation. The shaded 
light blue region represents the numerous oscillations. The 
solid orange line represents the evolution of the chemical 
potential     . 
1. Formation ends at proper temperature 
2. Chemical potential                           where CS sets in
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The system makes a very large number of oscillations 
before it settles down at          . Every single 
oscillation generates small asymmetry             . 
However, the accumulation effect  becomes profound as 
a result of large number of coherent oscillations:           

Typical frequency and damping time for   
observationally allowed window for the axion mass 

Chemical potential         assumes a typical value for 
Colour Superconducting phase 

“Conspiracy” of scales:      (expressed in terms of the 
axion and QCD physics) precisely assumes the value of 
the Universe expansion 
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   4. AQN formation: coherence  on a 
cosmological scale. Abundance. 

If CP violating axion field          were zero at the 
moment of formation than an equal number of 
nuggets and anti-nuggets would form. 

         during the formation time implies that the 
difference between total baryon charge hidden in 
form of nuggets and anti nuggets is order of one: 

Baryon charge of the visible matter is expressed in 
terms of this parameter              as the total baryon 
charge is zero:    
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The same relation can be written as follows 

Thermodynamics does the job. The abundance of AQNs is 
always effect of order of one as a result of long 
accumulation of the baryon charge leading to                 

The thermo-equilibration (during oscillations) between 
visible baryons and AQNs washes out any sensitivity to 
initial parameters of the system, such as   

Parameter              here is determined by the temperature 
when formation ends                                               . There 
is no fine tuning (in terms of T) in this framework   

It is assumed that inflation occurs after PQ when the 
same          occupies entire visible Universe   

For                                                                        the 
nuggets saturate the present DM density today.  
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5. Survival pattern

Pre- BBN evolution. The collision rate can be 
estimated as  

The total number of annihilated baryons during 
this time period is estimated as (where          is the 
fraction of successfully annihilated baryons) 

Most of the anti-nuggets survive the pre-BBN 
evolution, i.e.              as most of the baryons from 
visible component get reflected rather than 
annihilated   
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Post-BBN evolution. The collision rate is determined by 
the capture distance         rather than size of the nugget 
due to ionization of the system: 

The total annihilated baryon charge during this epoch is 
very small:  

The number of annihilation events is sufficiently small 
such that all nuggets with                survive the 
evolution.  

Nuclei with           interact with negatively charged AQNs 
much stronger than the protons.  In fact, it might be a 
resolution of famed primordial         problem [prd 2019]
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Refs. on the AQN formation mechanism and 
survival pattern during the evolution:  

Evolution of a single nugget- PRD 2016 (arxiv 
1606.00435) 

Cosmological CP odd axion field and charge separation 
(baryogenesis) mechanism - PRD 2017 (1702.04354) 

Relation between PQ and Inflationary scales;  relation 
between AQNs and conventional axion contributions to 
DM- PRD 2018 (arxiv 1711.06271)  

AQN: size distribution and survival pattern (including 
pre-BBN, post-BBN and post-recombination epochs). It 
also includes violent events such as  galaxy and star 
formations - PRD 2019 (arxiv 1903.05090) 


