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DM and Matter-Antimatter asymmetry as two 
sides of the coin: theory, observations and future 

experimental searches. 



This talk is mostly based on two recent papers  

speaking on Thursday.

speaking on Tuesday



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

There are two (apparently unrelated) stories: 

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

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

There are many other observed (naively 
unrelated) puzzles … to be mentioned today



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



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   

CP-odd Axion Field plays the key role in linking  
these two phenomena. 

Furthermore, our claim is that we have been 
witnessing (indirectly) the manifestation of the DM 
(beyond gravity) for years with many puzzling 
observations, including “solar heating puzzle”, 
“Primordial Lithium Puzzle” + many more  

Today I specifically focus on two consequences  of 
this construction:                                                        
1. broadband axion searches;                                      
2. recently observed Mysterious Telescope Array 
bursts.   



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).
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1. there is  extra N=1 axion domain wall pressure 
(acting on the closed axion DW bubbles). It  makes 
the nuggets stable (first order phase transition is 
not required, as in the Witten’s case). They are 
absolutely stable and can serve as DM particles.    

2. there are two species, the  nuggets and anti-
nuggets.  The size is determined by        as  

A small geometrical factor replaces a conventional 
requirement for a weak coupling constant. Nuggets 
are qualified as the DM candidates: 

Cosmological  CP-odd  axion field generates the 
disparity  between  two species at                which 
implies the similarity between dark and visible 
sectors:                                         
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Antiquark nugget structure.    Source of emission  

e-

e+

e+
e+

e+

511 keV

~ 100 MeV - 1 GeV

e+Antimatter
color superconductor

e+

e+

e

e+

e+

p,n

 

electrosphere

e

1-20 MeV

X rays ~10 keV 

thermalization

(10−4
− 1)eV

bremsstrahlung  radiation
( largest fraction)

q̄q ! 2 GeV
energy

�
(rare events) 

 (finite fraction)

axion domain 
wall pressure

Fermi Pressure
R ⇠ 10�5cm, B ⇠ 1025



 3. When the AQN hits the Earth…  
Number of AQNs hitting the earth surface is tiny. It is   
very rare event in comparison with WIMPs:  

Corresponding axion flux (as a result of annihilation)  

It should be compared with conventional galactic 
axions (misalignment mechanism, DW decays) 

The flux is two orders of magnitude smaller… One 
should study separately: relativistic AQN-induced 
axions and gravitationally trapped AQN-induced axions
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The main result of these computations is that the typical 
velocity is very large                    which should be 
contrasted with galactic axions  
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4. Broadband Detection strategy
Average velocity of the AQN-induced axions is very 
large                 . The corresponding EM signal is 
expected to be very broad with                . 

For example: if                                        the EM band 
corresponds to                          . It should be 
contrasted with conventional case                      . 

It is obvious: a new broadband detection strategy 
must be implemented in one way or another.   

The DM flux shows the annual (and daily) 
modulations due to the presence of relative 
orientation of the Earth’s velocity and axis of 
rotation and DM galactic wind (effect~ 10%):     
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⌫ 2 (3� 5.4)GHz



The annual modulations have been known for a long -long 
time. The source of the annual modulation is the difference 
in relative (with respect to the galactic wind) velocities 
during the summer and winter.  It leads to difference in 
fluxes. The effect is estimated on the level of 10%



1. The idea is to separate entire frequency band into a 
number of smaller frequency bins  

2. The time dependent signal in each frequency bin has 
to be fitted according to the daily or annual  
modulation to extract fitting parameters 

3.Let us assume that  the modulation is recorded in 
some bin, say  :   such that                 or/and                     

4. One should check that no modulation appears in 
other bins         , no modulations appear for zero 
magnetic field B=0. One should also check a proper  
drift of the phase         with the seasons (to exclude any 
spurious signals)  

5. There are few others (more sophisticated consistency 
checks) that the signal is not a spurious signal
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ī
(a) 6= 0

<latexit sha1_base64="y6JaTFpCzZ1W34f0AV0txDFYl9Y=">AAACDHicbVC7SgNBFJ2NrxhfiZY2g0GITdiNhZZBQSwjmAdkY7g7mSRDZmfXmVkhLPsBFvorNhZRsdXezr9x8ig08cDA4ZxzuXOPF3KmtG1/W6ml5ZXVtfR6ZmNza3snm9utqSCShFZJwAPZ8EBRzgStaqY5bYSSgu9xWvcG52O/fkelYoG41sOQtnzoCdZlBLSR2tk8xtgdQBjCTex6IGOWJO3YlT4uwFHiCnqLbZOyi/YEeJE4M5IvOxcPo9fPXKWd/XI7AYl8KjThoFTTsUPdikFqRjhNMm6kaAhkAD3aNFSAT1UrnhyT4EOjdHA3kOYJjSfq74kYfKWGvmeSPui+mvfG4n9eM9Ld01bMRBhpKsh0UTfiWAd43AzuMEmJ5kNDgEhm/opJHyQQbfrLmBKc+ZMXSa1UdI6LpSvTxhmaIo320QEqIAedoDK6RBVURQTdoyc0Qi/Wo/VsvVnv02jKms3soT+wPn4A+UKd/A==</latexit>

ī
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5.              conversion: galactic axions with                     
versus AQN-induced axions with 
❖  The standard rate of conversion is given by


❖  Resonant conversion corresponds to the case when                      
and we arrive to usual form                                           


❖  For non relativistic axions one should multiply                   to the 
axion flux to arrive to 


❖          counts the number of microwave photons emitted  per 
unit time from unit area. It does not depend on       at small       . 

<latexit sha1_base64="GyyVrRKHS1Xe1pF+8dmq8VrAmVk=">AAAB9XicbVC7SgNBFL3rM8ZX1E6bwSBYLbspomWIjWUC5gHJGmYns8mQmd1lZjYSlvgdNhaK2Ik/4RfY2fgtTh6FJh64cDjnXu69x485U9pxvqyV1bX1jc3MVnZ7Z3dvP3dwWFdRIgmtkYhHsuljRTkLaU0zzWkzlhQLn9OGP7ia+I0hlYpF4Y0exdQTuBeygBGsjXQ77OC2YgI5dvEekU4u79jOFGiZuHOSLx1Xv9lb+aPSyX22uxFJBA014VipluvE2kux1IxwOs62E0VjTAa4R1uGhlhQ5aXTq8fozChdFETSVKjRVP09kWKh1Ej4plNg3VeL3kT8z2slOrj0UhbGiaYhmS0KEo50hCYRoC6TlGg+MgQTycytiPSxxESboLImBHfx5WVSL9hu0S5UTRplmCEDJ3AK5+DCBZTgGipQAwISHuAJnq0769F6sV5nrSvWfOYI/sB6/wECV5U+</latexit>

va ⇠ 0.6 c

<latexit sha1_base64="rEsztHQWz31Td8H/6oC4uNy+ilg=">AAAB+3icbVDLSgMxFM34rPU11p1ugkVwY5mpoC5L3bhswT6gHUsmzbShSWZIMsUyjJ/ixoUiuvQP/AJ3bvwW08dCWw9cOJxzL/fe40eMKu04X9bS8srq2npmI7u5tb2za+/l6iqMJSY1HLJQNn2kCKOC1DTVjDQjSRD3GWn4g6ux3xgSqWgobvQoIh5HPUEDipE2UsfODTuorSiHrnObnJ6l9xB37LxTcCaAi8SdkXzpoPpN38oflY792e6GOOZEaMyQUi3XibSXIKkpZiTNtmNFIoQHqEdahgrEifKSye0pPDZKFwahNCU0nKi/JxLElRpx33RypPtq3huL/3mtWAeXXkJFFGsi8HRREDOoQzgOAnapJFizkSEIS2puhbiPJMLaxJU1IbjzLy+SerHgnheKVZNGGUyRAYfgCJwAF1yAErgGFVADGNyBB/AEnq3UerRerNdp65I1m9kHf2C9/wBumZca</latexit>

va ⇠ 10�3 c
<latexit sha1_base64="y4h+A+J4ulJfS6OAJ7gjDD69Za4=">AAAB/HicbVC7TsNAEDzzDOFlSElzIkJKFdkpgDKChjJI5CHFVrS+nJNT7mzr7gyyrPALfAINBQjR8gF8Ah0fQs/lUUDCSCuNZna1uxMknCntOF/Wyura+sZmYau4vbO7t28fHLZUnEpCmyTmsewEoChnEW1qpjntJJKCCDhtB6PLid++pVKxOLrRWUJ9AYOIhYyANlLPLoEn2WCoQcr4DnsDEAJ6dtmpOlPgZeLOSbmOvcr3x4PX6NmfXj8mqaCRJhyU6rpOov0cpGaE03HRSxVNgIxgQLuGRiCo8vPp8WN8YpQ+DmNpKtJ4qv6eyEEolYnAdArQQ7XoTcT/vG6qw3M/Z1GSahqR2aIw5VjHeJIE7jNJieaZIUAkM7diMgQJRJu8iiYEd/HlZdKqVd3Tau3apHGBZiigI3SMKshFZ6iOrlADNRFBGXpEz+jFureerFfrbda6Ys1nSugPrPcfqVaYdw==</latexit>

a ! �

<latexit sha1_base64="FpAedy2mZyxiNs43qxmQDrTryUo=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LFahIpSkB/VY9OLBQwX7IU0om+2mXbqbxN2NEEJ/hR48KOLVn+Ot/8Zt60FbHww83pthZp4fc6a0bY+t3NLyyupafr2wsbm1vVPc3WuqKJGENkjEI9n2saKchbShmea0HUuKhc9pyx9eTfzWI5WKReGdTmPqCdwPWcAI1ka6Lz/cnLicI6dbLNkVewq0SJwfUqoduafP41pa7xa/3F5EEkFDTThWquPYsfYyLDUjnI4KbqJojMkQ92nH0BALqrxsevAIHRulh4JImgo1mqq/JzIslEqFbzoF1gM1703E/7xOooMLL2NhnGgaktmiIOFIR2jyPeoxSYnmqSGYSGZuRWSAJSbaZFQwITjzLy+SZrXinFWqtyaNS5ghDwdwCGVw4BxqcA11aAABAU/wCm+WtF6sd+tj1pqzfmb24Q+sz29pCZJ7</latexit>

(qL) ⌧ 1
<latexit sha1_base64="CsUZJnibWpzXYMoCJoA1c/MCpOY="></latexit>

Pa!� = v�1
a (gBL/2)2

<latexit sha1_base64="6PH9WzoRgwkbCJCsCqlbG/pBJK0=">AAACAHicbVC7TsNAEDyHV0h4GCgoaE5EIKrITgGUETSUQSIPKbGi9eXinHJnW3fnoMhKw6/QUIAQDQUtf0DHh0DN5VFAwkgrjWZ2tbvjx5wp7TifVmZpeWV1Lbuey29sbm3bO7s1FSWS0CqJeCQbPijKWUirmmlOG7GkIHxO637/cuzXB1QqFoU3ehhTT0AQsi4joI3Utvcr7RRakgU9DVJGt7gVgBAwatsFp+hMgBeJOyOF8vHX6/sg/11p2x+tTkQSQUNNOCjVdJ1YeylIzQino1wrUTQG0oeANg0NQVDlpZMHRvjIKB3cjaSpUOOJ+nsiBaHUUPimU4DuqXlvLP7nNRPdPfdSFsaJpiGZLuomHOsIj9PAHSYp0XxoCBDJzK2Y9EAC0SaznAnBnX95kdRKRfe0WLo2aVygKbLoAB2iE+SiM1RGV6iCqoigEbpHj+jJurMerGfrZdqasWYze+gPrLcf6TKbCw==</latexit>

Pa!�

<latexit sha1_base64="oEIp849K+qWFqLT3YoPSn/Gi7Gw="></latexit>
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(⇢ava)
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.

<latexit sha1_base64="6/Z7QqwE2xiJojVLF1g38Svmbr0=">AAAB9XicbVC7TgMxENwLr5DwCFDSWCAQVXSXAigjaCiDRB5S7oh8jpNYsX0n2xcUnfIfNBQgREvHD/AHdHwI1DiPAhJGWmk0s6vdnTDmTBvX/XQyS8srq2vZ9Vx+Y3Nru7CzW9NRogitkohHqhFiTTmTtGqY4bQRK4pFyGk97F+O/fqAKs0ieWOGMQ0E7krWYQQbK936lR5rpX4XC4FHqFU4dIvuBGiReDNyWD7+ensf5L8rrcKH345IIqg0hGOtm54bmyDFyjDC6SjnJ5rGmPRxlzYtlVhQHaSTq0foyCpt1ImULWnQRP09kWKh9VCEtlNg09Pz3lj8z2smpnMepEzGiaGSTBd1Eo5MhMYRoDZTlBg+tAQTxeytiPSwwsTYoHI2BG/+5UVSKxW902Lp2qZxAVNkYR8O4AQ8OIMyXEEFqkBAwT08wpNz5zw4z87LtDXjzGb24A+c1x8M9Zan</latexit>

��
<latexit sha1_base64="Q2PGZuqnzyr7gDcV+RFQhpK6zpw=">AAAB6nicbVC7SgNBFL0bXzG+onbaDAbBKuymUMsQG8sEzQOSJcxOZpMhszPLzGwgLPkEGwtFbG39C7/AzsZvcfIoNPHAhcM593LvPUHMmTau++Vk1tY3Nrey27md3b39g/zhUUPLRBFaJ5JL1QqwppwJWjfMcNqKFcVRwGkzGN5M/eaIKs2kuDfjmPoR7gsWMoKNle5GXdzNF9yiOwNaJd6CFMontW/2XvmodvOfnZ4kSUSFIRxr3fbc2PgpVoYRTie5TqJpjMkQ92nbUoEjqv10duoEnVulh0KpbAmDZurviRRHWo+jwHZG2Az0sjcV//PaiQmv/ZSJODFUkPmiMOHISDT9G/WYosTwsSWYKGZvRWSAFSbGppOzIXjLL6+SRqnoXRZLNZtGBebIwimcwQV4cAVluIUq1IFAHx7gCZ4d7jw6L87rvDXjLGaO4Q+ctx83wpF2</latexit>va

<latexit sha1_base64="uJMsmsRq0OSedePPIYfbASmnX7Q="></latexit>
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<latexit sha1_base64="Q2PGZuqnzyr7gDcV+RFQhpK6zpw=">AAAB6nicbVC7SgNBFL0bXzG+onbaDAbBKuymUMsQG8sEzQOSJcxOZpMhszPLzGwgLPkEGwtFbG39C7/AzsZvcfIoNPHAhcM593LvPUHMmTau++Vk1tY3Nrey27md3b39g/zhUUPLRBFaJ5JL1QqwppwJWjfMcNqKFcVRwGkzGN5M/eaIKs2kuDfjmPoR7gsWMoKNle5GXdzNF9yiOwNaJd6CFMontW/2XvmodvOfnZ4kSUSFIRxr3fbc2PgpVoYRTie5TqJpjMkQ92nbUoEjqv10duoEnVulh0KpbAmDZurviRRHWo+jwHZG2Az0sjcV//PaiQmv/ZSJODFUkPmiMOHISDT9G/WYosTwsSWYKGZvRWSAFSbGppOzIXjLL6+SRqnoXRZLNZtGBebIwimcwQV4cAVluIUq1IFAHx7gCZ4d7jw6L87rvDXjLGaO4Q+ctx83wpF2</latexit>va



❖ Now consider the AQN-induced axions with                . 
There are several crucial elements which lead to 
dramatically different treatment of the relativistic axions: 


❖ 1. The conventional treatment assumes the coherent 
conversion such that                    . This scaling holds as 
long as              where                         is De Broglie wave 
length where conversion occurs. If coherence persists  up 
to scale             the coherence enhancement is


❖2. It should be contrasted with                case when one 
should average over many cycles, i.e.  


❖3. The conversion is a result of a single elementary process 
when formation length is the Compton length               . One 
should sum over effective "layers”  along the axion path 
which produces factor                                for                .                

<latexit sha1_base64="5Lby9P14Vxx2Si2laK6yu1Sj8tg=">AAAB8HicbVC7SgNBFL0bXzG+onbaDAbBKuymUMsQG8sEzEOSJcxOZpMhM7PLzGwgLPkKGwtFbAX/wi+ws/FbnDwKTTxw4XDOvdx7TxBzpo3rfjmZtfWNza3sdm5nd2//IH941NBRogitk4hHqhVgTTmTtG6Y4bQVK4pFwGkzGN5M/eaIKs0ieWfGMfUF7ksWMoKNle5HXdzRTCDSzRfcojsDWiXeghTKJ7Vv9l75qHbzn51eRBJBpSEca9323Nj4KVaGEU4nuU6iaYzJEPdp21KJBdV+Ojt4gs6t0kNhpGxJg2bq74kUC63HIrCdApuBXvam4n9eOzHhtZ8yGSeGSjJfFCYcmQhNv0c9pigxfGwJJorZWxEZYIWJsRnlbAje8surpFEqepfFUs2mUYE5snAKZ3ABHlxBGW6hCnUgIOABnuDZUc6j8+K8zlszzmLmGP7AefsBZz2T2g==</latexit>va ⇠ c

<latexit sha1_base64="rZy9deuQLJJz6eHg+oxwe5Xnva4=">AAACC3icbVC7SgNBFJ2N7/iKWtoMBsUq7KZQS9HGwiKCUSEbl7uT2WTIzM4yMxsJS3obf8VGUBE78Qfs/BCtnTwKTTwwcDjnXu6cEyacaeO6n05uanpmdm5+Ib+4tLyyWlhbv9AyVYRWieRSXYWgKWcxrRpmOL1KFAURcnoZto/7/mWHKs1kfG66Ca0LaMYsYgSMlYLCViXIwFes2TKglLzBfhOEgJ6fKJkYiU+vy0Gh6JbcAfAk8UakeLjz9fjWWfyuBIUPvyFJKmhsCAeta56bmHoGyjDCaS/vp5omQNrQpDVLYxBU17NBlh7etkoDR1LZFxs8UH9vZCC07orQTgowLT3u9cX/vFpqooN6xuIkNTQmw0NRyrEN2S8GN5iixPCuJUAUs3/FpAUKiLH15W0J3njkSXJRLnl7pfKZbeMIDTGPNtEW2kUe2keH6ARVUBURdIvu0RN6du6cB+fFeR2O5pzRzgb6A+f9BwgXn3U=</latexit>

Pa!� / L2
<latexit sha1_base64="WhsLlfGl2eqv14h1dpskJZVoOIc=">AAAB83icbVBNS8NAFHypVWv9qnr0slgETyWpoB6LXjx4qGA/oAlls9m0SzebsLsRSujf8OJBEa+e/Cfe/Ddu0h60dWBhmJnHezt+wpnStv1tldbK6xubla3q9s7u3n7t4LCr4lQS2iExj2Xfx4pyJmhHM81pP5EURz6nPX9yk/u9RyoVi8WDnibUi/BIsJARrI3k3rmcI5ebfICHtbrdsAugVeIsSL1V/jzP0R7WvtwgJmlEhSYcKzVw7ER7GZaaEU5nVTdVNMFkgkd0YKjAEVVeVtw8Q6dGCVAYS/OERoX6eyLDkVLTyDfJCOuxWvZy8T9vkOrwysuYSFJNBZkvClOOdIzyAlDAJCWaTw3BRDJzKyJjLDHRpqaqKcFZ/vIq6TYbzkWjeW/auIY5KnAMJ3AGDlxCC26hDR0gkMATvMCrlVrP1pv1Po+WrMXMEfyB9fEDIFiTSA==</latexit>

L ⌧ �
<latexit sha1_base64="EOF0Tse52Nk9KE0x03ZeEqa4Ph8=">AAACBHicbVDLTgIxFO3gC/GFumTTiCYYI5lhoS6JblxiIo+EwcmdUqChnZm0HRIyYeHGL/Af3LjQGLd+hDv+xvJYKHiSJifnnJvbe/yIM6Vte2ylVlbX1jfSm5mt7Z3dvez+QU2FsSS0SkIeyoYPinIW0KpmmtNGJCkIn9O637+Z+PUBlYqFwb0eRrQloBuwDiOgjeRlcxi73MTb4ComcEF4MPDg9CE5d0ZeNm8X7SnwMnHmJF8+ds+ex+Vhxct+u+2QxIIGmnBQqunYkW4lIDUjnI4ybqxoBKQPXdo0NABBVSuZHjHCJ0Zp404ozQs0nqq/JxIQSg2Fb5ICdE8tehPxP68Z685VK2FBFGsakNmiTsyxDvGkEdxmkhLNh4YAkcz8FZMeSCDa9JYxJTiLJy+TWqnoXBRLd6aNazRDGuXQESogB12iMrpFFVRFBD2iF/SG3q0n69X6sD5n0ZQ1nzlEf2B9/QDk+5n3</latexit>

� ⇠ (mava)
�1

<latexit sha1_base64="sP5BvUSbn6UdET6EJHV8bRb4cEU=">AAAB6nicbVA9SwNBEJ2LUWP8ilraLAbBKtxFUAuLoI2FRUTzAckR9jZ7yZK93WN3TwhHfoKNhSK2/gP/iZ3/xr0khSY+GHi8N8PMvCDmTBvX/XZyK/nVtfXCRnFza3tnt7S339QyUYQ2iORStQOsKWeCNgwznLZjRXEUcNoKRteZ33qkSjMpHsw4pn6EB4KFjGBjpXt+edsrld2KOwVaJt6clGv5z9MM9V7pq9uXJImoMIRjrTueGxs/xcowwumk2E00jTEZ4QHtWCpwRLWfTk+doGOr9FEolS1h0FT9PZHiSOtxFNjOCJuhXvQy8T+vk5jwwk+ZiBNDBZktChOOjETZ36jPFCWGjy3BRDF7KyJDrDAxNp2iDcFbfHmZNKsV76xSvbNpXMEMBTiEIzgBD86hBjdQhwYQGMATvMCrw51n5815n7XmnPnMAfyB8/EDklCPhQ==</latexit>

l < L
<latexit sha1_base64="5OhYqIa6RvKw+hE3cgTzbEpT/KQ=">AAAB+nicbVC7TgMxEPTxDOF1AToaiwiJKrpLAXREUECRIkjkISVH5HN8iRWffbJ9ROHIp9BQgBASFV9CR5lf4AtwHgUkjLTSaGZXuzt+xKjSjvNlLSwuLa+sptbS6xubW9t2ZqeiRCwxKWPBhKz5SBFGOSlrqhmpRZKg0Gek6ncvRn71jkhFBb/R/Yh4IWpzGlCMtJGadqZ4m29I2u5oJKXowSJr2lkn54wB54k7Jdmz7+Hl+979sNS0PxstgeOQcI0ZUqruOpH2EiQ1xYwM0o1YkQjhLmqTuqEchUR5yfj0ATw0SgsGQpriGo7V3xMJCpXqh77pDJHuqFlvJP7n1WMdnHoJ5VGsCceTRUHMoBZwlANsUUmwZn1DEJbU3ApxB0mEtUkrbUJwZ1+eJ5V8zj3O5a+dbOEcTJAC++AAHAEXnIACuAIlUAYY9MAjeAYv1oP1ZL1ab5PWBWs6swv+wPr4ActFmCc=</latexit>

L2 ! Ll

<latexit sha1_base64="5Lby9P14Vxx2Si2laK6yu1Sj8tg=">AAAB8HicbVC7SgNBFL0bXzG+onbaDAbBKuymUMsQG8sEzEOSJcxOZpMhM7PLzGwgLPkKGwtFbAX/wi+ws/FbnDwKTTxw4XDOvdx7TxBzpo3rfjmZtfWNza3sdm5nd2//IH941NBRogitk4hHqhVgTTmTtG6Y4bQVK4pFwGkzGN5M/eaIKs0ieWfGMfUF7ksWMoKNle5HXdzRTCDSzRfcojsDWiXeghTKJ7Vv9l75qHbzn51eRBJBpSEca9323Nj4KVaGEU4nuU6iaYzJEPdp21KJBdV+Ojt4gs6t0kNhpGxJg2bq74kUC63HIrCdApuBXvam4n9eOzHhtZ8yGSeGSjJfFCYcmQhNv0c9pigxfGwJJorZWxEZYIWJsRnlbAje8surpFEqepfFUs2mUYE5snAKZ3ABHlxBGW6hCnUgIOABnuDZUc6j8+K8zlszzmLmGP7AefsBZz2T2g==</latexit>va ⇠ c
<latexit sha1_base64="J/IeQg43YfMciy2hQ7WnIIGPEvk=">AAACDHicbVC7TsMwFHXKq5RXgQEhFosKqSwlycBjq2BhYCgSfUhNqRzXaa06TrAdUBXlA1j4FRYGEGJlRmywsPIZuI8BWo5k6eicc3V9jxsyKpVpfhipqemZ2bn0fGZhcWl5Jbu6VpFBJDAp44AFouYiSRjlpKyoYqQWCoJ8l5Gq2z3p+9VrIiQN+IXqhaThozanHsVIaamZzTmS8ks773gC4fjqLIntZNcRtN1RSIjgBlp7tk6ZBXMAOEmsEckVj77eNj6/N0vN7LvTCnDkE64wQ1LWLTNUjRgJRTEjScaJJAkR7qI2qWvKkU9kIx4ck8AdrbSgFwj9uIID9fdEjHwpe76rkz5SHTnu9cX/vHqkvMNGTHkYKcLxcJEXMagC2G8GtqggWLGeJggLqv8KcQfpWpTuL6NLsMZPniQVu2DtF+xz3cYxGCINtsA2yAMLHIAiOAUlUAYY3IJ78AiejDvjwXg2XobRlDGaWQd/YLz+AD2Xnts=</latexit>

sin2(
qL

2
) ! 1/2

<latexit sha1_base64="5Lby9P14Vxx2Si2laK6yu1Sj8tg=">AAAB8HicbVC7SgNBFL0bXzG+onbaDAbBKuymUMsQG8sEzEOSJcxOZpMhM7PLzGwgLPkKGwtFbAX/wi+ws/FbnDwKTTxw4XDOvdx7TxBzpo3rfjmZtfWNza3sdm5nd2//IH941NBRogitk4hHqhVgTTmTtG6Y4bQVK4pFwGkzGN5M/eaIKs0ieWfGMfUF7ksWMoKNle5HXdzRTCDSzRfcojsDWiXeghTKJ7Vv9l75qHbzn51eRBJBpSEca9323Nj4KVaGEU4nuU6iaYzJEPdp21KJBdV+Ojt4gs6t0kNhpGxJg2bq74kUC63HIrCdApuBXvam4n9eOzHhtZ8yGSeGSjJfFCYcmQhNv0c9pigxfGwJJorZWxEZYIWJsRnlbAje8surpFEqepfFUs2mUYE5snAKZ3ABHlxBGW6hCnUgIOABnuDZUc6j8+K8zlszzmLmGP7AefsBZz2T2g==</latexit>va ⇠ c



❖ Therefore, conventional resonance  formula for         is 
replaced by

❖ Numerically, it can be represented as follows  

❖ To detect such low rate requires single photon counters. 

❖ Important point here is that the enhancement factor A(t) could 
be very large for a short period of time. For example, once a 
day one should expect                   lasting for 1 second as a 
result of a nearby passing AQN (at distance about 100 km). 

<latexit sha1_base64="6/Z7QqwE2xiJojVLF1g38Svmbr0=">AAAB9XicbVC7TgMxENwLr5DwCFDSWCAQVXSXAigjaCiDRB5S7oh8jpNYsX0n2xcUnfIfNBQgREvHD/AHdHwI1DiPAhJGWmk0s6vdnTDmTBvX/XQyS8srq2vZ9Vx+Y3Nru7CzW9NRogitkohHqhFiTTmTtGqY4bQRK4pFyGk97F+O/fqAKs0ieWOGMQ0E7krWYQQbK936lR5rpX4XC4FHqFU4dIvuBGiReDNyWD7+ensf5L8rrcKH345IIqg0hGOtm54bmyDFyjDC6SjnJ5rGmPRxlzYtlVhQHaSTq0foyCpt1ImULWnQRP09kWKh9VCEtlNg09Pz3lj8z2smpnMepEzGiaGSTBd1Eo5MhMYRoDZTlBg+tAQTxeytiPSwwsTYoHI2BG/+5UVSKxW902Lp2qZxAVNkYR8O4AQ8OIMyXEEFqkBAwT08wpNz5zw4z87LtDXjzGb24A+c1x8M9Zan</latexit>

��

<latexit sha1_base64="Kni4tSwwVKez5gbkyf1QaYfma60="></latexit>
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<latexit sha1_base64="XIZ+mtEpyOFihXzpcFDKv+0+Ro0="></latexit>
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❖ The power excess in unit volume is determined by


❖ In conventional units it assumes the form 


❖ It is instructive to compare this estimate with conventional 
formula for the power excess 


❖ The quality factor                   in resonance cavities is 
absent in our case with                  (no narrow resonances). 
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However, entire logic of collecting the signal and 
discriminating it from the noise and spurious signals 
is dramatically different from conventional treatment 
of the cavity type experiments. 

Broadband instruments could be a revolutionary step 
to implement this search strategy as it effectively 
removes or diminishes most of the spurious signals  

In particular, see talk by S.Knirck at “Patras-2021” or 
talk by A. Sonnenschein at “axions beyond Gen2- 2021” 
workshop (on instruments such as “BREAD”, “dish 
antenna”, “single photon counter” etc)    

Furthermore: the conventional analysis assumes that 
the galactic axions with any mass saturates the DM 
density. It obviously cannot be the case for large        
when                     to be contrasted with the AQN model 
when                  for any      
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Few key comments on daily modulations
The daily modulations for WIMPs or any other 
fundamental particles (including galactic axions) 
are very tiny. Indeed,  additional velocity is                 
to be compared with velocity of galactic wind                  

This is the main reason why the daily modulations  
were largely  ignored in the past.   

It should be contrasted with the AQN prediction 
when the  difference in sizes (AQN is a composite 
object) at the moment of entry and exit of the 
Earth’s surface alters this conclusion.    

Work in progress: We are trying  to incorporate 
these ideas on daily modulations  by using the CAST-
CAPP data   
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6. Telescope Array mysterious bursts

Telescope Array (TA) experiment [Abbasi-2017] has 
recorded several bursts of air shower-like events. 
This bursts are very distinct from conventional 
single showers, and are found to be 100% correlated 
with thunderstorm.  The unusual features are: 

“clustering puzzle”: Burst is defined as 3+ consecutive 
events within 1ms, which would be a highly unlikely 
occurrence for 3+ consecutive hits in the same area 
~ 1km if interpreted as CR events  

If one tries to fit the observed bursts with 
conventional code for HECR events one should 
expect              energy range (based on frequency of 
appearance), while intensity suggests             ;

1013eV
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“curvature puzzle”:  All burst events are much more 
curved than usual CR air showers. Also: the edges 
in waveforms are dramatically different, “edge 
puzzle” (see two next slides); 

“synchronization (with thunderstorm) puzzle”: Most of the 
bursts are synchronized (less than 1 ms) or related 
(less than 200 ms) with the lightnings/flashes  

Some  bursts are not related to lightings       they 
cannot be outcome of flashes. All of them observed 
under thunderstorm. The total 10 burst events  
have been observed during 5 years of observations;   

Reconstructed bursts start at much lower altitude 
than conventional HECR showers (30km).



typical burst event

typical  CR event

�s 2 (0, 5� 3.5)km,
�t 2 (0� 2)µs
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typical burst event

typical CR event

The “edge puzzle”

adopted from TA [Abbasi-2017]
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7.  Mysterious bursts as the AQN 
annihilation events under thunderstorm

When the AQN propagates in atmosphere it experience 
a large number of annihilation events with 
surrounding material 

If the AQN hits the region under thundercloud  the 
weakly bound positrons localized away from the 
nugget’s core may be liberated by pre-existing 
electric field E~kV/cm which is known to exist 

As a result of strong electric field the positrons 
will accelerate to energies ~ 10 MeV on scales of 
order                  (so called avalanche scale) 

The mean free path for such energetic positrons is of 
order several  km, so they can reach the TA detector

la ⇠ 100 m
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<latexit sha1_base64="tSClE5hPmrqKadvQkjFUZMI+vfo=">AAAB7XicbZC5TgMxEIa94QrhCkdHYxEhUUW7UEBHBAWUQSKHlKyiWcebmHjtle1FCqu8Aw0FCNHS8TB0lHkFngDnKCDhlyx9+v8ZeWaCmDNtXPfLySwsLi2vZFdza+sbm1v57Z2qlokitEIkl6oegKacCVoxzHBajxWFKOC0FvQuR3ntnirNpLg1/Zj6EXQECxkBY61qE3jchVa+4BbdsfA8eFMonH8Prz72HoblVv6z2ZYkiagwhIPWDc+NjZ+CMoxwOsg1E01jID3o0IZFARHVfjqedoAPrdPGoVT2CYPH7u+OFCKt+1FgKyMwXT2bjcz/skZiwjM/ZSJODBVk8lGYcGwkHq2O20xRYnjfAhDF7KyYdEEBMfZAOXsEb3bleageF72T4vGNWyhdoImyaB8doCPkoVNUQteojCqIoDv0iJ7RiyOdJ+fVeZuUZpxpzy76I+f9B4ypk44=</latexit>

�↵
<latexit sha1_base64="Gf8fubgQv+SEwD1BepMcA0BOMoc=">AAAB83icbVDJSgNBEO1xjXGLy81LYxA8hZl40JtBBT1GMAtkhlDT6Uma9PQ03T1CDPkNLx4U8aof481jfsEvsLMcNPFBweO9KqrqhZIzbVz3y1lYXFpeWc2sZdc3Nre2czu7VZ2kitAKSXii6iFoypmgFcMMp3WpKMQhp7Wweznya/dUaZaIO9OTNIihLVjECBgr+f4V5QZ84LIDzVzeLbhj4HniTUn+/Ht4/bH/MCw3c59+KyFpTIUhHLRueK40QR+UYYTTQdZPNZVAutCmDUsFxFQH/fHNA3xklRaOEmVLGDxWf0/0Ida6F4e2MwbT0bPeSPzPa6QmOgv6TMjUUEEmi6KUY5PgUQC4xRQlhvcsAaKYvRWTDiggxsaUtSF4sy/Pk2qx4J0UirduvnSBJsigA3SIjpGHTlEJ3aAyqiCCJHpEz+jFSZ0n59V5m7QuONOZPfQHzvsP76qWEA==</latexit>

r
<latexit sha1_base64="SxY9btaFbBQzG5sv+cv0/y3c+Zs=">AAAB6HicbZDJTgJBEIZrcEPccLl56UhMPJEZPOhNogc9QiJLAhPS09RAS8+S7h4TJDyBFw8a49UH8GG8eeQVfAKb5aDgn3Ty5f+r0lXlxYIrbdtfVmppeWV1Lb2e2djc2t7J7u5VVZRIhhUWiUjWPapQ8BArmmuB9VgiDTyBNa93Nc5r9ygVj8Jb3Y/RDWgn5D5nVBurLFvZnJ23JyKL4Mwgd/E9uv44eBiVWtnPZjtiSYChZoIq1XDsWLsDKjVnAoeZZqIwpqxHO9gwGNIAlTuYDDokx8ZpEz+S5oWaTNzfHQMaKNUPPFMZUN1V89nY/C9rJNo/dwc8jBONIZt+5CeC6IiMtyZtLpFp0TdAmeRmVsK6VFKmzW0y5gjO/MqLUC3kndN8oWznipcwVRoO4QhOwIEzKMINlKACDBAe4RlerDvryXq13qalKWvWsw9/ZL3/AN5JkWw=</latexit>

s
<latexit sha1_base64="t9lrcsAhWVha5EZuAqbg1yRdIlc=">AAAB6HicbZDJTgJBEIZrcEPccLl56UhMPJEZPOhNogc9QiJLAhPS09RAS8+S7h4TJDyBFw8a49UH8GG8eeQVfAKb5aDgn3Ty5f+r0lXlxYIrbdtfVmppeWV1Lb2e2djc2t7J7u5VVZRIhhUWiUjWPapQ8BArmmuB9VgiDTyBNa93Nc5r9ygVj8Jb3Y/RDWgn5D5nVBurrFrZnJ23JyKL4Mwgd/E9uv44eBiVWtnPZjtiSYChZoIq1XDsWLsDKjVnAoeZZqIwpqxHO9gwGNIAlTuYDDokx8ZpEz+S5oWaTNzfHQMaKNUPPFMZUN1V89nY/C9rJNo/dwc8jBONIZt+5CeC6IiMtyZtLpFp0TdAmeRmVsK6VFKmzW0y5gjO/MqLUC3kndN8oWznipcwVRoO4QhOwIEzKMINlKACDBAe4RlerDvryXq13qalKWvWsw9/ZL3/AN/NkW0=</latexit>

~E
<latexit sha1_base64="Zjh5TMp1nCG1Nd5DpW3Oh7MNrv8=">AAAB7nicbZDJSgNBEIZr4hbjFpebl8YgeAoz8aA3gyJ6jGAWSIbQ06kkTXoWunsCcchDePGgiFdPPow3j3kFn8DOctDEHxo+/r+KriovElxp2/6yUkvLK6tr6fXMxubW9k52d6+iwlgyLLNQhLLmUYWCB1jWXAusRRKp7wmser2rcV7to1Q8DO71IELXp52Atzmj2ljVRh9Zcj1sZnN23p6ILIIzg9zF9+jm4+BhVGpmPxutkMU+BpoJqlTdsSPtJlRqzgQOM41YYURZj3awbjCgPio3mYw7JMfGaZF2KM0LNJm4vzsS6is18D1T6VPdVfPZ2Pwvq8e6fe4mPIhijQGbftSOBdEhGe9OWlwi02JggDLJzayEdamkTJsLZcwRnPmVF6FSyDun+cKdnStewlRpOIQjOAEHzqAIt1CCMjDowSM8w4sVWU/Wq/U2LU1Zs559+CPr/QdljJQN</latexit>

�r + r
<latexit sha1_base64="Om1xJcr+ZTTNa3d4AsI1iF1y/hk=">AAAB8XicbVA9SwNBEJ2LXzF+nVraLAZBEMJdLLQMamFhEcF8YBLC3maTLNnbO3bnhBCCf8LGQhFbsbfwV9j5b9x8FJr4YODx3gwz84JYCoOe9+2kFhaXllfSq5m19Y3NLXd7p2yiRDNeYpGMdDWghkuheAkFSl6NNadhIHkl6J2P/Mod10ZE6gb7MW+EtKNEWzCKVrqtX3CJlOgj3XSzXs4bg8wTf0qyBffj6r3yeV9sul/1VsSSkCtkkhpT870YGwOqUTDJh5l6YnhMWY92eM1SRUNuGoPxxUNyYJUWaUfalkIyVn9PDGhoTD8MbGdIsWtmvZH4n1dLsH3aGAgVJ8gVmyxqJ5JgREbvk5bQnKHsW0KZFvZWwrpUU4Y2pIwNwZ99eZ6U8zn/OJe/tmmcwQRp2IN9OAQfTqAAl1CEEjBQ8ABP8OwY59F5cV4nrSlnOrMLf+C8/QCXspPm</latexit>

�s
<latexit sha1_base64="bfCsTh1Lg9MvKcLlb+JWMxfOa+w=">AAAB73icbZDJSgNBEIZ74hbjFpebl8YgeAoz8aA3gwp6jGAWSIbQ06lJmvQsdtcIMeQlvHhQxKsXH8abx7yCT2BnOWjiDw0f/19FV5UXS6HRtr+s1MLi0vJKejWztr6xuZXd3qnoKFEcyjySkap5TIMUIZRRoIRarIAFnoSq170Y5dV7UFpE4S32YnAD1g6FLzhDY9UalyCRUd3M5uy8PRadB2cKubPv4dXH3sOw1Mx+NloRTwIIkUumdd2xY3T7TKHgEgaZRqIhZrzL2lA3GLIAtNsfzzugh8ZpUT9S5oVIx+7vjj4LtO4FnqkMGHb0bDYy/8vqCfqnbl+EcYIQ8slHfiIpRnS0PG0JBRxlzwDjSphZKe8wxTiaE2XMEZzZleehUsg7x/nCjZ0rnpOJ0mSfHJAj4pATUiTXpETKhBNJHskzebHurCfr1XqblKasac8u+SPr/QePGZQZ</latexit>

h
<latexit sha1_base64="Lwxebk91wfTUsYfF2GkOHvBU6jo=">AAAB6HicbZDJTgJBEIZrcEPccLl56UhMPJEZPOhNogc9QiJLAhPS09RAS8+S7h4TJDyBFw8a49UH8GG8eeQVfAKb5aDgn3Ty5f+r0lXlxYIrbdtfVmppeWV1Lb2e2djc2t7J7u5VVZRIhhUWiUjWPapQ8BArmmuB9VgiDTyBNa93Nc5r9ygVj8Jb3Y/RDWgn5D5nVBur3G1lc3benogsgjOD3MX36Prj4GFUamU/m+2IJQGGmgmqVMOxY+0OqNScCRxmmonCmLIe7WDDYEgDVO5gMuiQHBunTfxImhdqMnF/dwxooFQ/8ExlQHVXzWdj87+skWj/3B3wME40hmz6kZ8IoiMy3pq0uUSmRd8AZZKbWQnrUkmZNrfJmCM48ysvQrWQd07zhbKdK17CVGk4hCM4AQfOoAg3UIIKMEB4hGd4se6sJ+vVepuWpqxZzz78kfX+A88hkWI=</latexit>

Instant direction of the electric field at the moment of exit 

�↵ '
⇣v?

c

⌘
' 0.1� the angular spread

<latexit sha1_base64="lwqRvBRJI90GNmI9quXGK+KK3iU="></latexit>

-  Spatial spread on the surface, observed by TASD�s
<latexit sha1_base64="7lq+fT7AGasO5QqKdoHaf99EVcE=">AAAB73icdZDLSgMxFIYz9VbrrV52boJFcDXMTEtbVxYVdFnBXqAdSibNtKGZzJhkhFr6Em5cKOLWjQ/jzmVfwScw0yqo6A+Bn+8/h5xzvIhRqSzrzUjNzS8sLqWXMyura+sb2c2tugxjgUkNhywUTQ9JwignNUUVI81IEBR4jDS8wUmSN66JkDTkl2oYETdAPU59ipHSqNk+JUwhKDvZnGUelotOoQgt07JKtmMnxikV8gVoa5 Iod/Q+OXvZuZlUO9nXdjfEcUC4wgxJ2bKtSLkjJBTFjIwz7ViSCOEB6pGWthwFRLqj6bxjuK9JF/qh0I8rOKXfO0YokHIYeLoyQKovf2cJ/CtrxcovuyPKo1gRjmcf+TGDKoTJ8rBLBcGKDbVBWFA9K8R9JBBW+kQZfYSvTeH/pu6Ydt50Lqxc5RjMlAa7YA8cABuUQAWcgyqoAQwYuAX34MG4Mu6MR+NpVpoyPnu2wQ8Zzx/vKJRb</latexit>



The positrons travelling the distance     the spatial 
spread       is estimated as  

The time spread of the arriving particles is determined 
by          and estimated as follows 

Important: the basic scale is                  which is not 
present in conventional CR analysis   

It is consistent with observations. It represents 
resolution of “the curvature puzzle” within AQN model

�s
<latexit sha1_base64="bfCsTh1Lg9MvKcLlb+JWMxfOa+w=">AAAB73icbZDJSgNBEIZ74hbjFpebl8YgeAoz8aA3gwp6jGAWSIbQ06lJmvQsdtcIMeQlvHhQxKsXH8abx7yCT2BnOWjiDw0f/19FV5UXS6HRtr+s1MLi0vJKejWztr6xuZXd3qnoKFEcyjySkap5TIMUIZRRoIRarIAFnoSq170Y5dV7UFpE4S32YnAD1g6FLzhDY9UalyCRUd3M5uy8PRadB2cKubPv4dXH3sOw1Mx+NloRTwIIkUumdd2xY3T7TKHgEgaZRqIhZrzL2lA3GLIAtNsfzzugh8ZpUT9S5oVIx+7vjj4LtO4FnqkMGHb0bDYy/8vqCfqnbl+EcYIQ8slHfiIpRnS0PG0JBRxlzwDjSphZKe8wxTiaE2XMEZzZleehUsg7x/nCjZ0rnpOJ0mSfHJAj4pATUiTXpETKhBNJHskzebHurCfr1XqblKasac8u+SPr/QePGZQZ</latexit>

r
<latexit sha1_base64="SxY9btaFbBQzG5sv+cv0/y3c+Zs=">AAAB6HicbZDJTgJBEIZrcEPccLl56UhMPJEZPOhNogc9QiJLAhPS09RAS8+S7h4TJDyBFw8a49UH8GG8eeQVfAKb5aDgn3Ty5f+r0lXlxYIrbdtfVmppeWV1Lb2e2djc2t7J7u5VVZRIhhUWiUjWPapQ8BArmmuB9VgiDTyBNa93Nc5r9ygVj8Jb3Y/RDWgn5D5nVBurLFvZnJ23JyKL4Mwgd/E9uv44eBiVWtnPZjtiSYChZoIq1XDsWLsDKjVnAoeZZqIwpqxHO9gwGNIAlTuYDDokx8ZpEz+S5oWaTNzfHQMaKNUPPFMZUN1V89nY/C9rJNo/dwc8jBONIZt+5CeC6IiMtyZtLpFp0TdAmeRmVsK6VFKmzW0y5gjO/MqLUC3kndN8oWznipcwVRoO4QhOwIEzKMINlKACDBAe4RlerDvryXq13qalKWvWsw9/ZL3/AN5JkWw=</latexit>

�s ' r

✓
�↵

cos↵

◆
' 1 km

cos↵

⇣ r

10 km

⌘

<latexit sha1_base64="k/RmCjNnuli/OE0G8Zr+1PGVJ2Q="></latexit>

�r
<latexit sha1_base64="SeMjPSAWeA66IwxeKZQURyTgmvw=">AAAB73icbZDJSgNBEIZr4hbjFpebl8YgeAoz8aA3gwp6jGAWSIbQ0+lJmvQsdtcIMeQlvHhQxKsXH8abx7yCT2BnOWjiDw0f/19FV5UXS6HRtr+s1MLi0vJKejWztr6xuZXd3qnoKFGMl1kkI1XzqOZShLyMAiWvxYrTwJO86nUvRnn1nistovAWezF3A9oOhS8YRWPVGpdcIiWqmc3ZeXssMg/OFHJn38Orj72HYamZ/Wy0IpYEPEQmqdZ1x47R7VOFgkk+yDQSzWPKurTN6wZDGnDt9sfzDsihcVrEj5R5IZKx+7ujTwOte4FnKgOKHT2bjcz/snqC/qnbF2GcIA/Z5CM/kQQjMlqetITiDGXPAGVKmFkJ61BFGZoTZcwRnNmV56FSyDvH+cKNnSuew0Rp2IcDOAIHTqAI11CCMjCQ8AjP8GLdWU/Wq/U2KU1Z055d+CPr/QeNlZQY</latexit>

�t ' �r

c
' 3µs · (tan↵) ·

⇣ r

10 km

⌘
where �r ' r tan↵�↵

<latexit sha1_base64="qAKIAJSzDSD9zsy3m+9+FmbjMhE="></latexit>

(2�t) varies (0� 8)µs when (2�s) changes between (0.5� 2) km
<latexit sha1_base64="74ehBU0HAaA/iWa40zMbX++rNjg="></latexit>

v? ' 0.1c
<latexit sha1_base64="j03iVuUfd5hrjMvoKq2sSfHtq4I=">AAAB/nicbVC7SgNBFJ2Nrxhfq2KjzWAQrJbdWGgZYmOZgHlAsiyzk7vJkNmHM7OBsAT8FRsLJdj6AX6BnY3f4uRRaOKBC4dz7uXee/yEM6ls+8vIra1vbG7ltws7u3v7B+bhUUPGqaBQpzGPRcsnEjiLoK6Y4tBKBJDQ59D0B7dTvzkEIVkc3atRAm5IehELGCVKS555MvSyTgIiGXckC+EB25aDqWcWbcueAa8SZ0GK5dPaN5tUPqqe+dnpxjQNIVKUEynbjp0oNyNCMcphXOikEhJCB6QHbU0jEoJ0s9n5Y3yhlS4OYqErUnim/p7ISCjlKPR1Z0hUXy57U/E/r52q4MbNWJSkCiI6XxSkHKsYT7PAXSaAKj7ShFDB9K2Y9okgVOnECjoEZ/nlVdIoWc6VVarpNCpojjw6Q+foEjnoGpXRHaqiOqIoQ0/oBb0aj8azMTHe5q05YzFzjP7AeP8BOSWYrw==</latexit>



typical burst event

typical  CR event

�s 2 (0, 5� 3.5)km,
�t 2 (0� 2)µs

<latexit sha1_base64="/O0d8JEjjLrs0WifkFC3o4jtFMk="></latexit>

The “curvature puzzle”

�s 2 (0, 5� 2)km,
�t 2 (0� 8)µs

<latexit sha1_base64="fH5Xxy5E6ssNulVkcsYz1B14Jco="></latexit>

adopted from TA collaboration  [Abbasi-2017]
<latexit sha1_base64="TWQtsaStM1vm9EipKht0YPcVreQ=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoOQU9gVJB6DXjxGcJNAdgmzk9lkyMzsMjMrhCXfkIsHRbz6IX6CNz/Eu5PHQRMLGoqqbrq7opQzbVz3yylsbG5t7xR3S3v7B4dH5eOTlk4yRahPEp6oToQ15UxS3zDDaSdVFIuI03Y0up357UeqNEvkgxmnNBR4IFnMCDZW8gORId0rV9yaOwdaJ96SVBooqH5/TINmr/wZ9BOSCSoN4VjrruemJsyxMoxwOikFmaYpJiM8oF1LJRZUh/n82Am6sEofxYmyJQ2aq78nciy0HovIdgpshnrVm4n/ed3MxNdhzmSaGSrJYlGccWQSNPsc9ZmixPCxJZgoZm9FZIgVJsbmU7IheKsvr5PWZc27qrn3No0bWKAIZ3AOVfCgDg24gyb4QIDBFJ7hxZHOk/PqvC1aC85y5hT+wHn/AURgkgM=</latexit>µs

<latexit sha1_base64="TWQtsaStM1vm9EipKht0YPcVreQ=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoOQU9gVJB6DXjxGcJNAdgmzk9lkyMzsMjMrhCXfkIsHRbz6IX6CNz/Eu5PHQRMLGoqqbrq7opQzbVz3yylsbG5t7xR3S3v7B4dH5eOTlk4yRahPEp6oToQ15UxS3zDDaSdVFIuI03Y0up357UeqNEvkgxmnNBR4IFnMCDZW8gORId0rV9yaOwdaJ96SVBooqH5/TINmr/wZ9BOSCSoN4V jrruemJsyxMoxwOikFmaYpJiM8oF1LJRZUh/n82Am6sEofxYmyJQ2aq78nciy0HovIdgpshnrVm4n/ed3MxNdhzmSaGSrJYlGccWQSNPsc9ZmixPCxJZgoZm9FZIgVJsbmU7IheKsvr5PWZc27qrn3No0bWKAIZ3AOVfCgDg24gyb4QIDBFJ7hxZHOk/PqvC1aC85y5hT+wHn/AURgkgM=</latexit>µs

<latexit sha1_base64="7xtaudO9ZdC3rptVVYN/Tr/5ehg=">AAAB8XicbVC7SgNBFL0bXzG+4qOzGQyCVdgVRDuDFlpGMA9MljA7mU2GzMwuM7NCDPkLGwtFbAU/xs4yv+AXOJuk0MQDFw7nnMt9BDFn2rjul5NZWFxaXsmu5tbWNza38ts7VR0litAKiXik6gHWlDNJK4YZTuuxolgEnNaC3mXq1+6p0iySt6YfU1/gjmQhI9hY6a6pBBLU2EArX3CL7hhonnhTUjj/Hl197D2Myq38Z7MdkURQaQjHWjc8Nzb+ACvDCKfDXDPRNMakhzu0YanEgmp/MN54iA6t0kZhpGxJg8bq744BFlr3RWCTApuunvVS8T+vkZjwzB8wGSeGSjIZFCYcmQil56M2U5QY3rcEE8Xsroh0scIk/UHOPsGbPXmeVI+L3knRvXELpQuYIAv7cABH4MEplOAaylABAhIe4RleHO08Oa/O2ySacaY9u/AHzvsPfzqVPw==</latexit>

meters



All bursts are observed under the thunderstorm. It is 
hard to understand  how CR may “know” about the 
thunderstorms. In AQN framework the electric field 
plays the key role by liberating the positrons which 
mimic the CR events (this resolves “synchronization puzzle”.   

The AQN traverses a short distance ~0.25km during the 
burst                which is treated as a cluster of events 
when the electric field fluctuates on the scale of           
along the AQN’s path           (it resolves “clustering puzzle”)

Occurrence of 3+ intense events during             in 1km 
area is hard to explain with conventional CR assumption 
(it resolves “clustering puzzle”) 

Conventional CR showers have an ultra relativistic 
particle (sharp edge in waveforms). Large number of 
positrons produce non-sharp edge, resolving “edge puzzle”

10�3s
<latexit sha1_base64="vljcm5X2FAc5lq7swAHmkzpsjEA=">AAAB8HicbZC5TgMxEIZnwxXCFY6OxiJCoiHaTQroiKCAMkjkQMkSeR1vYsXeXdlepLDKU9BQgBAtBQ9DR5lX4AlwjgISfsnSp/+fkWfGizhT2ra/rNTC4tLySno1s7a+sbmV3d6pqjCWhFZIyENZ97CinAW0opnmtB5JioXHac3rXYzy2j2VioXBje5H1BW4EzCfEayNdevYd8lxcYBUK5uz8/ZYaB6cKeTOvoeXH3sPw3Ir+9lshyQWNNCEY6Uajh1pN8FSM8LpINOMFY0w6eEObRgMsKDKTcYDD9ChcdrID6V5gUZj93dHgoVSfeGZSoF1V81mI/O/rBFr/9RNWBDFmgZk8pEfc6RDNNoetZmkRPO+AUwkM7Mi0sUSE21ulDFHcGZXnodqIe8U84VrO1c6h4nSsA8HcAQOnEAJrqAMFSAg4BGe4cWS1pP1ar1NSlPWtGcX/sh6/wFsppP0</latexit>

10�6s
<latexit sha1_base64="/afuGA6gQajPAZ5avaQ/cp6AyPQ=">AAAB8HicbZC7SgNBFIbPxluMt3jpbAaDYGPYjaB2Bi20jGAukqxhdjKbDJnZXWZmhbjkKWwsFLG18GHsLPMKPoGTS6GJPwx8/P85zDnHizhT2ra/rNTc/MLiUno5s7K6tr6R3dyqqDCWhJZJyENZ87CinAW0rJnmtBZJioXHadXrXgzz6j2VioXBje5F1BW4HTCfEayNdevYd8nhcR+pZjZn5+2R0Cw4E8idfQ8uP3YeBqVm9rPRCkksaKAJx0rVHTvSboKlZoTTfqYRKxph0sVtWjcYYEGVm4wG7qN947SQH0rzAo1G7u+OBAulesIzlQLrjprOhuZ/WT3W/qmbsCCKNQ3I+CM/5kiHaLg9ajFJieY9A5hIZmZFpIMlJtrcKGOO4EyvPAuVQt45yheu7VzxHMZKwy7swQE4cAJFuIISlIGAgEd4hhdLWk/Wq/U2Lk1Zk55t+CPr/QdxO5P3</latexit>

10�3s
<latexit sha1_base64="vljcm5X2FAc5lq7swAHmkzpsjEA=">AAAB8HicbZC5TgMxEIZnwxXCFY6OxiJCoiHaTQroiKCAMkjkQMkSeR1vYsXeXdlepLDKU9BQgBAtBQ9DR5lX4AlwjgISfsnSp/+fkWfGizhT2ra/rNTC4tLySno1s7a+sbmV3d6pqjCWhFZIyENZ97CinAW0opnmtB5JioXHac3rXYzy2j2VioXBje5H1BW4EzCfEayNdevYd8lxcYBUK5uz8/ZYaB6cKeTOvoeXH3sPw3Ir+9lshyQWNNCEY6Uajh1pN8FSM8LpINOMFY0w6eEObRgMsKDKTcYDD9ChcdrID6V5gUZj93dHgoVSfeGZSoF1V81mI/O/rBFr/9RNWBDFmgZk8pEfc6RDNNoetZmkRPO+AUwkM7Mi0sUSE21ulDFHcGZXnodqIe8U84VrO1c6h4nSsA8HcAQOnEAJrqAMFSAg4BGe4cWS1pP1ar1NSlPWtGcX/sh6/wFsppP0</latexit>



typical burst event

typical CR event

The “edge puzzle”

adopted from TA [Abbasi-2017]
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Possible Tests of this AQN based proposal: 

1. We suggest to reanalyze existing data by 
extending the cutoff time scale for the definition 
of the burst                      . One should expect more 
events within the bursts when             is longer             

2. We predict a unique radio signal synchronized 
with the mysterious bursts. This is because TA 
burst and radio emission are originated from the 
same location emitted at the same time and 
propagate with the same speed of light.  

This signal should be in the bandwidth                              
with amplitude                         of the corresponding 
electric field and its duration                  at 
distance  
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�tburst = 1 ms
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|E| ⇠ 20 (mV/m)

<latexit sha1_base64="DdYlMH0RGQKCS3atmodK+ACCSi4=">AAAB+XicbVC5TsNAEB1zhnCZo6NZESFRRXYKoCOCAsqAyCElVrTerJNVdm1rdx0pWOFLaChAiIKGP6GjzC/wBWyOAhKeNNLTezOamefHnCntOF/WwuLS8spqZi27vrG5tW3v7FZUlEhCyyTikaz5WFHOQlrWTHNaiyXFwue06ncvR361R6ViUXin+zH1BG6HLGAEayM1bfu2oZhAroMeGlKgrmjaOSfvjIHmiTslufPv4dX7/v2w1LQ/G62IJIKGmnCsVN11Yu2lWGpGOB1kG4miMSZd3KZ1Q0MsqPLS8eUDdGSUFgoiaSrUaKz+nkixUKovfNMpsO6oWW8k/ufVEx2ceSkL40TTkEwWBQlHOkKjGFCLSUo07xuCiWTmVkQ6WGKiTVhZE4I7+/I8qRTy7km+cOPkihcwQQYO4BCOwYVTKMI1lKAMBHrwCM/wYqXWk/VqvU1aF6zpzB78gfXxA/7Ulw0=</latexit>

R ⇠ 10 km
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⌧ ⇠ 0.3µs
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�tburst



                       Conclusion                

"Non- baryonic Dark matter" could be ordinary  
baryonic matter (we know and love) which is in the 
exotic colour superconducting phase. We coin this 
model as the axion quark nugget model (AQN)     

                                       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 the dark 
matter and visible 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, solar corona mystery, primordial 
Lithium, Telescope Array mysterious bursts, etc  

ma
✓initial

⌦dark ⇠ ⌦visible
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The axions will be inevitably produced each time when 
the annihilation event happens because the axion 
field plays a key role in construction of the AQNs 
(plays role of a squeezer). The typical axions have the  
velocities                  . 

Broadband detection technique must be implemented 
to search for such axions.  

Daily modulation is a powerful tool to analyze the 
data to remove spurious and noise signals (work in 
progress with CAST-CAPP data).  

The  discovery of the axions with                  will be 
direct manifestation of the AQN framework (in 
contrast with indirect  observations such as 
Baryogenesis, Lithium puzzle, solar corona mystery, 
galactic 511 keV, XMM -Newton seasonal variations,  
etc)



AQN

Dark Matter“Baryogenesis”         
(charge separation)

Solar corona 
  Mystery 

Primordial 
Lithium Puzzle

We need to discover 
the axion to unlock 
all  these mysteries
(simultaneously) 

⌦dark ⇠ ⌦visible
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DL annual 
modulation 

XMM-Newton 
seasonal variations  

  sky-quakes

TA mysterious 
bursts

ANITA anomalous events


