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This talk is mostly based on two my recent papers on DAMA-  
LIBRA results and some mysterious events recorded by 

Telescope Array  



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 … 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 

I specifically focus today on two consequences  of 
this model:                                                                    
1. Observed DAMA-LIBRA annual modulation                                                                                   
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.
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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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<latexit sha1_base64="AUcVrcAEmtdtU8TgaQZmFckPnbM=">AAAB9XicbVC7TgMxENwLrxBeAUoai4CUhuguDZQRNJQBkYeUXCKf40us2L6T7QNFp/wHDQUI0fIvdEgUfArOo4CEkVYazexqdyeIOdPGdT+dzMrq2vpGdjO3tb2zu5ffP6jrKFGE1kjEI9UMsKacSVozzHDajBXFIuC0EQyvJn7jnirNInlnRjH1Be5LFjKCjZU6t23NBBJd3EnPvHE3X3BL7hRomXhzUqicFL++AaDazX+0exFJBJWGcKx1y3Nj46dYGUY4HefaiaYxJkPcpy1LJRZU++n06jE6tUoPhZGyJQ2aqr8nUiy0HonAdgpsBnrRm4j/ea3EhBd+ymScGCrJbFGYcGQiNIkA9ZiixPCRJZgoZm9FZIAVJsYGlbMheIsvL5N6ueS5Je/GpnEJM2ThCI6hCB6cQwWuoQo1IKDgEZ7hxXlwnpxX523WmnHmM4fwB877D8wdlEI=</latexit><latexit sha1_base64="uSJwsOZ0Jr0cTw1N40ZCMU7xpdk=">AAAB9XicbVDJSgNBEK2JW4xb1KOXxijkYpjxEo9BLx6jmAWy0dPpSZp09wzdPUoY8h+CeFDEq9/h1Zvox9hZDpr4oODxXhVV9fyIM21c99NJLS2vrK6l1zMbm1vbO9ndvaoOY0VohYQ8VHUfa8qZpBXDDKf1SFEsfE5r/uBi7NduqdIslDdmGNGWwD3JAkawsVL7uqmZQKKD28mJN+pkc27BnQAtEm9GcqWj/PdX8f2h3Ml+NLshiQWVhnCsdcNzI9NKsDKMcDrKNGNNI0wGuEcblkosqG4lk6tH6NgqXRSEypY0aKL+nkiw0HoofNspsOnreW8s/uc1YhOctRImo9hQSaaLgpgjE6JxBKjLFCWGDy3BRDF7KyJ9rDAxNqiMDcGbf3mRVE8Lnlvwrmwa5zBFGg7gEPLgQRFKcAllqAABBffwBM/OnfPovDiv09aUM5vZhz9w3n4A6jGV2A==</latexit><latexit sha1_base64="uSJwsOZ0Jr0cTw1N40ZCMU7xpdk=">AAAB9XicbVDJSgNBEK2JW4xb1KOXxijkYpjxEo9BLx6jmAWy0dPpSZp09wzdPUoY8h+CeFDEq9/h1Zvox9hZDpr4oODxXhVV9fyIM21c99NJLS2vrK6l1zMbm1vbO9ndvaoOY0VohYQ8VHUfa8qZpBXDDKf1SFEsfE5r/uBi7NduqdIslDdmGNGWwD3JAkawsVL7uqmZQKKD28mJN+pkc27BnQAtEm9GcqWj/PdX8f2h3Ml+NLshiQWVhnCsdcNzI9NKsDKMcDrKNGNNI0wGuEcblkosqG4lk6tH6NgqXRSEypY0aKL+nkiw0HoofNspsOnreW8s/uc1YhOctRImo9hQSaaLgpgjE6JxBKjLFCWGDy3BRDF7KyJ9rDAxNqiMDcGbf3mRVE8Lnlvwrmwa5zBFGg7gEPLgQRFKcAllqAABBffwBM/OnfPovDiv09aUM5vZhz9w3n4A6jGV2A==</latexit><latexit sha1_base64="uSJwsOZ0Jr0cTw1N40ZCMU7xpdk=">AAAB9XicbVDJSgNBEK2JW4xb1KOXxijkYpjxEo9BLx6jmAWy0dPpSZp09wzdPUoY8h+CeFDEq9/h1Zvox9hZDpr4oODxXhVV9fyIM21c99NJLS2vrK6l1zMbm1vbO9ndvaoOY0VohYQ8VHUfa8qZpBXDDKf1SFEsfE5r/uBi7NduqdIslDdmGNGWwD3JAkawsVL7uqmZQKKD28mJN+pkc27BnQAtEm9GcqWj/PdX8f2h3Ml+NLshiQWVhnCsdcNzI9NKsDKMcDrKNGNNI0wGuEcblkosqG4lk6tH6NgqXRSEypY0aKL+nkiw0HoofNspsOnreW8s/uc1YhOctRImo9hQSaaLgpgjE6JxBKjLFCWGDy3BRDF7KyJ9rDAxNqiMDcGbf3mRVE8Lnlvwrmwa5zBFGg7gEPLgQRFKcAllqAABBffwBM/OnfPovDiv09aUM5vZhz9w3n4A6jGV2A==</latexit><latexit sha1_base64="aSTIqDCb7XdWTkeozUREfhNpah4=">AAAB9XicbVC7TgMxENzjGcIrQEljESHREPlooIygoQyIPKTkEvkcX2LF9p1sHyg65T9oKECIln+h429wkisgYaSVRjO72t0JE8GNxfjbW1ldW9/YLGwVt3d29/ZLB4cNE6easjqNRaxbITFMcMXqllvBWolmRIaCNcPRzdRvPjJteKwe7DhhgSQDxSNOiXVS975juESyR7rZuT/plcq4gmdAy8TPSRly1Hqlr04/pqlkylJBjGn7OLFBRrTlVLBJsZMalhA6IgPWdlQRyUyQza6eoFOn9FEUa1fKopn6eyIj0pixDF2nJHZoFr2p+J/XTm10FWRcJallis4XRalANkbTCFCfa0atGDtCqObuVkSHRBNqXVBFF4K/+PIyaVxUfFzx73C5ep3HUYBjOIEz8OESqnALNagDBQ3P8Apv3pP34r17H/PWFS+fOYI/8D5/ALiYkfo=</latexit>



AQN traversing the deep Earth interior.                             
The axion and neutrino emissions     
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T ' 100 keV
<latexit sha1_base64="fKyAHjpu2ueT8Zad4sUPzEfQRUQ=">AAACAXicbVDLSsNAFJ3UV42vqhvBzWARXJWkCrULseDGZYW+oC1lMr1th84k6cxEKKHd+Cm6caGIW//CjfgZ/oFpUsHXgQuHc+7l3nscnzOlLevdSC0sLi2vpFfNtfWNza3M9k5NeYGkUKUe92TDIQo4c6GqmebQ8CUQ4XCoO8OLmV+/BqmY51b02Ie2IH2X9RglOpI6mT2MKy3FBIywbVl4GrakwEOoTTqZrJUrxsAJKZzMSdHGds6KkT3/8G/fzLNRuZN5bXU9GghwNeVEqaZt+bodEqkZ5TAxW4ECn9Ah6UMzoi4RoNph/MEEH0ZKF/c8GZWrcax+nwiJUGosnKhTED1Qv72Z+J/XDHTvtB0y1w80uDRZ1As41h6exYG7TALVfBwRQiWLbsV0QCShOgrNjENIPsV/yVcItXzOPs7lr6xsKY8SpNE+OkBHyEYFVEKXqIyqiKIpukMP6NG4Me6NJ+M5aU0Z85ld9APGyycnj5nE</latexit>

E ⇠ T ' 100 keV
<latexit sha1_base64="dDvwA6uo5/KRue5uwHdC1J/YR20="></latexit>

axion emission  
hvai ' 0.6 c

<latexit sha1_base64="v/iYlInoHmg6F1l+ZroW6KBOABM="></latexit>

⌫e, ⌫̄e
<latexit sha1_base64="3Qgtt4KjpdkGTC2DJyHdHC3q5ZA=">AAACAHicbVDLSsNAFJ34rPUV68KFm8EidCElqUJ1J7hxWcE+oClhMr2tg5NJmJkIJdSFP+BHuHGhiFuXfoI7P8S906SCrwMXzpxzL3PvCWLOlHacd2tmdm5+YbGwVFxeWV1btzdKLRUlkkKTRjySnYAo4ExAUzPNoRNLIGHAoR1cnkz89hVIxSJxrkcx9EIyFGzAKNFG8u0tjD2R+LCHr72AyNQ8xj5g7Ntlp3qUAeekfjAlRy52q06G8nHJq3y83noN337z+hFNQhCacqJU13Vi3UuJ1IxyGBe9REFM6CUZQtdQQUJQvTQ7YIx3jdLHg0iaEhpn6veJlIRKjcLAdIZEX6jf3kT8z+smenDYS5mIEw2C5h8NEo51hCdp4D6TQDUfGUKoZGZXTC+IJFSbzIpZCPml+C/5CqFVq7r71dqZSaOGchTQNtpBFeSiOjpGp6iBmoiiMbpDD+jRurHurSfrOW+dsaYzm+gHrJdPh9OZYg==</latexit>

qq̄ ! CS Goldstones ! (⇡,K, ⌘)

! ⌫e, ⌫̄e ( E ⇠ 15 MeV)
<latexit sha1_base64="Y6cO9XoE0vZCsk7d1JhnLX/MGvA="></latexit>



3. DAMA/LIBRA annual modulation.         
An Overview 

DAMA/LIBRA (DL) experiment claims the 
observation for an annual modulation  in (2-6) keV 
range at 12.9 sigma; 

The measured period                             and the 
phases                  strongly indicates the DM origin 
of the modulation; 

However the annual modulation observed by DL is 
excluded by other direct detection experiments if 
interpreted in terms of the WIMP-nuclei 
interactions 

(0.999± 0.001)
<latexit sha1_base64="nn0dIMeaeTQs6nXw6c4YgvBKDwg=">AAAB+XicbZDLSgMxFIYz9VbrbdSlm2AVKkKZqQvtrujGZQV7gc5QMmmmDU0yQ5IpDEPfwqUbF4q49U3c9W3MtF1o9YfAx3/O4Zz8Qcyo0o4zswpr6xubW8Xt0s7u3v6BfXjUVlEiMWnhiEWyGyBFGBWkpalmpBtLgnjASCcY3+X1zoRIRSPxqNOY+BwNBQ0pRtpYfduuONV6ve7FHDpVx3Ev+nY5h1zwL7hLKDfOvMunWSNt9u0vbxDhhBOhMUNK9Vwn1n6GpKaYkWnJSxSJER6jIekZFIgT5Wfzy6fw3DgDGEbSPKHh3P05kSGuVMoD08mRHqnVWm7+V+slOrzxMyriRBOBF4vChEEdwTwGOKCSYM1SAwhLam6FeIQkwtqEVTIhuKtf/gvtWtW9qtYeTBq3YKEiOAGnoAJccA0a4B40QQtgMAHP4BW8WZn1Yr1bH4vWgrWcOQa/ZH1+A47vk/4=</latexit>

(145± 5)
<latexit sha1_base64="nphChosO1D4Jrcr+ksA95FTjjnc=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBqMQEcJuNOgx6MVjBPPA7BJmJ7PJkNnZZWZWCEv+IhcPinj1b7zlb5w8DppY0FBUddPd5cecKW3bEyuztr6xuZXdzu3s7u0f5A+PGipKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0B/dTv/lCpWKReNLDmHoh7gkWMIK1kZ6LznXFjUNUuejkC3bJngGtEmdBCtUz93I8qQ5rnfy3241IElKhCcdKtR071l6KpWaE01HOTRSNMRngHm0bKnBIlZfOLh6hc6N0URBJU0Kjmfp7IsWhUsPQN50h1n217E3F/7x2ooNbL2UiTjQVZL4oSDjSEZq+j7pMUqL50BBMJDO3ItLHEhNtQsqZEJzll1dJo1xyrkrlR5PGHcyRhRM4hSI4cANVeIAa1IGAgDG8wbulrFfrw/qct2asxcwx/IH19QNl45Jo</latexit>
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4. DL annual modulation and AQN model 

The goal here is to offer a  resolution (within AQN 
framework) of  the DL controversy. 

Our basic claim is that the annual modulation 
observed by DL has  truly genuine DM origin, though 
it is manifested indirectly through the following 
chain: 

Important: we shall not modify any parameters from 
our  previous studies (excess of galactic emission, 
primordial lithium, solar corona heating) to fit DL 

In particular, the neutrino spectrum and intensity  
emitted by AQNs (which eventually determine                 
energy recoil) have been computed long ago for 
completely different  purposes   

AQN ! (neutrinos) ! (surrounding neutrons) ! DL.
<latexit sha1_base64="QB64cgzNQC2d1lrjs1UE/lKAqmI="></latexit>

(1� 6) keV
<latexit sha1_base64="LRVw81h4L5DBd5xhTqDF4I3sHvg=">AAAB+nicbVDLSgMxFM3UV62vqS7dBKtQEctMBXVZdOOygn1AZyiZNG1Dk8yQZJRhrF/h1o0LRdz6Je76N6aPhbYeuHA4517uvSeIGFXacUZWZml5ZXUtu57b2Nza3rHzu3UVxhKTGg5ZKJsBUoRRQWqaakaakSSIB4w0gsH12G/cE6loKO50EhGfo56gXYqRNlLbzhfd0/Nj+JR6ksMBqQ9h2y44JWcCuEjcGSlUDr2T51Elqbbtb68T4pgToTFDSrVcJ9J+iqSmmJFhzosViRAeoB5pGSoQJ8pPJ6cP4ZFROrAbSlNCw4n6eyJFXKmEB6aTI91X895Y/M9rxbp76adURLEmAk8XdWMGdQjHOcAOlQRrlhiCsKTmVoj7SCKsTVo5E4I7//IiqZdL7lmpfGvSuAJTZME+OABF4IILUAE3oApqAIMH8ALewLv1aL1aH9bntDVjzWb2wB9YXz/5fZWC</latexit>



Total hit rate for entire Earth’s surface is: 

The corresponding neutrino flux is estimated as 

Parameter        describes the number of produced 
neutrinos per single annihilation event (with B=1) 

It is instructive to compare  the AQN-induced flux  
with the  (solar) flux in this                        energy 
band. The largest flux comes from      which is about

E⌫,⌫̄ . 15MeV
<latexit sha1_base64="eq0EurRPKSeD0nW1ptoyl98ndJY="></latexit>

8B
<latexit sha1_base64="iqTKNoY+nqq0PEw+p1GOsoXwS94=">AAAB63icbZC7TgJBFIbP4g3xhpfOZiIxsSK7WEgnwUJLTOSS4Epmh1mYMLO7mZk1wQ2vYGOhMba2PoydJa/gEzgLFAr+ySRf/v+czDnHizhT2ra/rMzS8srqWnY9t7G5tb2T391rqDCWhNZJyEPZ8rCinAW0rpnmtBVJioXHadMbXKR5855KxcLgRg8j6grcC5jPCNapdVeuok6+YBftidAiODMonH+PLz8OHsa1Tv7zthuSWNBAE46Vajt2pN0ES80Ip6PcbaxohMkA92jbYIAFVW4ymXWEjo3TRX4ozQs0mri/OxIslBoKz1QKrPtqPkvN/7J2rP2ym7AgijUNyPQjP+ZIhyhdHHWZpETzoQFMJDOzItLHEhNtzpMzR3DmV16ERqnonBZL13ahUoWpsnAIR3ACDpxBBa6gBnUg0IdHeIYXS1hP1qv1Ni3NWLOeffgj6/0HGf2SEA==</latexit>

�⌫e ' 5 · 106(cm�2s�1)
<latexit sha1_base64="KOXNkZyz7fCiiMvPpnWBCUeruRs="></latexit>



The neutrino spectrum                            is basically 
determined by the masses of the Nambu-Goldstone 
bosons in CS phase (computed long ago), see slide: 

The neutrino AQN-induced flux could be only 
slightly below than       dominant       solar flux in 
this energy band even at             . It is not ruled out 
by any experiment.  

The key point is as follows: the  AQN-induced        
subdominant flux is the subject to the annual 
modulation as it has inherent DM origin.  It can be  
discriminated from the solar      -generated       flux     

E⌫,⌫̄ . 15MeV
<latexit sha1_base64="eq0EurRPKSeD0nW1ptoyl98ndJY="></latexit>

m⇡,K,⌘(CS) ⇠ 20 MeV to be contrasted with m⇡ ⇠ 140 MeV
<latexit sha1_base64="2+NJzY5F6XF5WNOwu6BHNR42ZnQ="></latexit>

8B
<latexit sha1_base64="iqTKNoY+nqq0PEw+p1GOsoXwS94=">AAAB63icbZC7TgJBFIbP4g3xhpfOZiIxsSK7WEgnwUJLTOSS4Epmh1mYMLO7mZk1wQ2vYGOhMba2PoydJa/gEzgLFAr+ySRf/v+czDnHizhT2ra/rMzS8srqWnY9t7G5tb2T391rqDCWhNZJyEPZ8rCinAW0rpnmtBVJioXHadMbXKR5855KxcLgRg8j6grcC5jPCNapdVeuok6+YBftidAiODMonH+PLz8OHsa1Tv7zthuSWNBAE46Vajt2pN0ES80Ip6PcbaxohMkA92jbYIAFVW4ymXWEjo3TRX4ozQs0mri/OxIslBoKz1QKrPtqPkvN/7J2rP2ym7AgijUNyPQjP+ZIhyhdHHWZpETzoQFMJDOzItLHEhNtzpMzR3DmV16ERqnonBZL13ahUoWpsnAIR3ACDpxBBa6gBnUg0IdHeIYXS1hP1qv1Ni3NWLOeffgj6/0HGf2SEA==</latexit>

⌫e
<latexit sha1_base64="EdlsHkH6rMWzbdYgVUXjsfr+Qe0=">AAAB7HicbVA9SwNBEJ2LXzF+Re20OQyCVbiLhZYhNpYJeEkgOcLeZi5Zsrd37O4J4chvsLFQxNbOf+EvsLPxt7j5KDTxwcDjvRlm5gUJZ0o7zpeVW1vf2NzKbxd2dvf2D4qHR00Vp5KiR2Mey3ZAFHIm0NNMc2wnEkkUcGwFo5up37pHqVgs7vQ4QT8iA8FCRok2ktcVaQ97xZJTdmawV4m7IKXqSeObvdc+6r3iZ7cf0zRCoSknSnVcJ9F+RqRmlOOk0E0VJoSOyAA7hgoSofKz2bET+9wofTuMpSmh7Zn6eyIjkVLjKDCdEdFDtexNxf+8TqrDaz9jIkk1CjpfFKbc1rE9/dzuM4lU87EhhEpmbrXpkEhCtcmnYEJwl19eJc1K2b0sVxomjRrMkYdTOIMLcOEKqnALdfCAAoMHeIJnS1iP1ov1Om/NWYuZY/gD6+0HuhOSVA==</latexit>

⌫e
<latexit sha1_base64="EdlsHkH6rMWzbdYgVUXjsfr+Qe0=">AAAB7HicbVA9SwNBEJ2LXzF+Re20OQyCVbiLhZYhNpYJeEkgOcLeZi5Zsrd37O4J4chvsLFQxNbOf+EvsLPxt7j5KDTxwcDjvRlm5gUJZ0o7zpeVW1vf2NzKbxd2dvf2D4qHR00Vp5KiR2Mey3ZAFHIm0NNMc2wnEkkUcGwFo5up37pHqVgs7vQ4QT8iA8FCRok2ktcVaQ97xZJTdmawV4m7IKXqSeObvdc+6r3iZ7cf0zRCoSknSnVcJ9F+RqRmlOOk0E0VJoSOyAA7hgoSofKz2bET+9wofTuMpSmh7Zn6eyIjkVLjKDCdEdFDtexNxf+8TqrDaz9jIkk1CjpfFKbc1rE9/dzuM4lU87EhhEpmbrXpkEhCtcmnYEJwl19eJc1K2b0sVxomjRrMkYdTOIMLcOEKqnALdfCAAoMHeIJnS1iP1ov1Om/NWYuZY/gD6+0HuhOSVA==</latexit>

8B
<latexit sha1_base64="iqTKNoY+nqq0PEw+p1GOsoXwS94=">AAAB63icbZC7TgJBFIbP4g3xhpfOZiIxsSK7WEgnwUJLTOSS4Epmh1mYMLO7mZk1wQ2vYGOhMba2PoydJa/gEzgLFAr+ySRf/v+czDnHizhT2ra/rMzS8srqWnY9t7G5tb2T391rqDCWhNZJyEPZ8rCinAW0rpnmtBVJioXHadMbXKR5855KxcLgRg8j6grcC5jPCNapdVeuok6+YBftidAiODMonH+PLz8OHsa1Tv7zthuSWNBAE46Vajt2pN0ES80Ip6PcbaxohMkA92jbYIAFVW4ymXWEjo3TRX4ozQs0mri/OxIslBoKz1QKrPtqPkvN/7J2rP2ym7AgijUNyPQjP+ZIhyhdHHWZpETzoQFMJDOzItLHEhNtzpMzR3DmV16ERqnonBZL13ahUoWpsnAIR3ACDpxBBa6gBnUg0IdHeIYXS1hP1qv1Ni3NWLOeffgj6/0HGf2SEA==</latexit>

⌫e
<latexit sha1_base64="EdlsHkH6rMWzbdYgVUXjsfr+Qe0=">AAAB7HicbVA9SwNBEJ2LXzF+Re20OQyCVbiLhZYhNpYJeEkgOcLeZi5Zsrd37O4J4chvsLFQxNbOf+EvsLPxt7j5KDTxwcDjvRlm5gUJZ0o7zpeVW1vf2NzKbxd2dvf2D4qHR00Vp5KiR2Mey3ZAFHIm0NNMc2wnEkkUcGwFo5up37pHqVgs7vQ4QT8iA8FCRok2ktcVaQ97xZJTdmawV4m7IKXqSeObvdc+6r3iZ7cf0zRCoSknSnVcJ9F+RqRmlOOk0E0VJoSOyAA7hgoSofKz2bET+9wofTuMpSmh7Zn6eyIjkVLjKDCdEdFDtexNxf+8TqrDaz9jIkk1CjpfFKbc1rE9/dzuM4lU87EhhEpmbrXpkEhCtcmnYEJwl19eJc1K2b0sVxomjRrMkYdTOIMLcOEKqnALdfCAAoMHeIJnS1iP1ov1Om/NWYuZY/gD6+0HuhOSVA==</latexit>



AQN traversing the deep Earth interior.                             
The axion and neutrino emissions     
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T ' 100 keV
<latexit sha1_base64="fKyAHjpu2ueT8Zad4sUPzEfQRUQ=">AAACAXicbVDLSsNAFJ3UV42vqhvBzWARXJWkCrULseDGZYW+oC1lMr1th84k6cxEKKHd+Cm6caGIW//CjfgZ/oFpUsHXgQuHc+7l3nscnzOlLevdSC0sLi2vpFfNtfWNza3M9k5NeYGkUKUe92TDIQo4c6GqmebQ8CUQ4XCoO8OLmV+/BqmY51b02Ie2IH2X9RglOpI6mT2MKy3FBIywbVl4GrakwEOoTTqZrJUrxsAJKZzMSdHGds6KkT3/8G/fzLNRuZN5bXU9GghwNeVEqaZt+bodEqkZ5TAxW4ECn9Ah6UMzoi4RoNph/MEEH0ZKF/c8GZWrcax+nwiJUGosnKhTED1Qv72Z+J/XDHTvtB0y1w80uDRZ1As41h6exYG7TALVfBwRQiWLbsV0QCShOgrNjENIPsV/yVcItXzOPs7lr6xsKY8SpNE+OkBHyEYFVEKXqIyqiKIpukMP6NG4Me6NJ+M5aU0Z85ld9APGyycnj5nE</latexit>

E ⇠ T ' 100 keV
<latexit sha1_base64="dDvwA6uo5/KRue5uwHdC1J/YR20="></latexit>

axion emission  
hvai ' 0.6 c

<latexit sha1_base64="v/iYlInoHmg6F1l+ZroW6KBOABM="></latexit>

⌫e, ⌫̄e
<latexit sha1_base64="3Qgtt4KjpdkGTC2DJyHdHC3q5ZA=">AAACAHicbVDLSsNAFJ34rPUV68KFm8EidCElqUJ1J7hxWcE+oClhMr2tg5NJmJkIJdSFP+BHuHGhiFuXfoI7P8S906SCrwMXzpxzL3PvCWLOlHacd2tmdm5+YbGwVFxeWV1btzdKLRUlkkKTRjySnYAo4ExAUzPNoRNLIGHAoR1cnkz89hVIxSJxrkcx9EIyFGzAKNFG8u0tjD2R+LCHr72AyNQ8xj5g7Ntlp3qUAeekfjAlRy52q06G8nHJq3y83noN337z+hFNQhCacqJU13Vi3UuJ1IxyGBe9REFM6CUZQtdQQUJQvTQ7YIx3jdLHg0iaEhpn6veJlIRKjcLAdIZEX6jf3kT8z+smenDYS5mIEw2C5h8NEo51hCdp4D6TQDUfGUKoZGZXTC+IJFSbzIpZCPml+C/5CqFVq7r71dqZSaOGchTQNtpBFeSiOjpGp6iBmoiiMbpDD+jRurHurSfrOW+dsaYzm+gHrJdPh9OZYg==</latexit>

qq̄ ! CS Goldstones ! (⇡,K, ⌘)

! ⌫e, ⌫̄e ( E ⇠ 15 MeV)
<latexit sha1_base64="Y6cO9XoE0vZCsk7d1JhnLX/MGvA="></latexit>



The AQN-induced neutrinos will liberate the 
neutrons from surrounding rocks with the rate: 

The typical energy distribution (with a sharp 
cutoff) of these neutrons will be  

The sharp cutoff                  is determined by the  �
energy (which itself is determined by NG) 

We emphasize again: all these scales have not been 
“invented” to fit the recoil energy  observed by DM 
modulation signal 

⌫e
<latexit sha1_base64="EdlsHkH6rMWzbdYgVUXjsfr+Qe0=">AAAB7HicbVA9SwNBEJ2LXzF+Re20OQyCVbiLhZYhNpYJeEkgOcLeZi5Zsrd37O4J4chvsLFQxNbOf+EvsLPxt7j5KDTxwcDjvRlm5gUJZ0o7zpeVW1vf2NzKbxd2dvf2D4qHR00Vp5KiR2Mey3ZAFHIm0NNMc2wnEkkUcGwFo5up37pHqVgs7vQ4QT8iA8FCRok2ktcVaQ97xZJTdmawV4m7IKXqSeObvdc+6r3iZ7cf0zRCoSknSnVcJ9F+RqRmlOOk0E0VJoSOyAA7hgoSofKz2bET+9wofTuMpSmh7Zn6eyIjkVLjKDCdEdFDtexNxf+8TqrDaz9jIkk1CjpfFKbc1rE9/dzuM4lU87EhhEpmbrXpkEhCtcmnYEJwl19eJc1K2b0sVxomjRrMkYdTOIMLcOEKqnALdfCAAoMHeIJnS1iP1ov1Om/NWYuZY/gD6+0HuhOSVA==</latexit>

rAQN
⌫ ' 10�2 · ⌫


neutron

day ·m3

�
.

<latexit sha1_base64="vNwjmDXa3zNMKiePyD5nxdnLP6k="></latexit>

En ' p2
n

2mn
⇠ 102 keV, pn ' (p0

⌫ � p⌫)
<latexit sha1_base64="xHM+d2nwYbL7OkN1vv8gfDIcvhM="></latexit>

⇠ 102 keV
<latexit sha1_base64="xOQ/Jb6s0WvFuF4LQSrWbq9T3KU=">AAACAHicbVC5TgMxEPWGK4RrOSQKGosIiSraDQV0RFBAGSRySNkl8jrexIrtXdlepLAKBb9CQ8EhWj6DjjK/wBfgHAUkPGmkp/dmNDMviBlV2nG+rMzc/MLiUnY5t7K6tr5hb25VVZRITCo4YpGsB0gRRgWpaKoZqceSIB4wUgu650O/dkukopG41r2Y+By1BQ0pRtpITXsXeopyCF3npngPU09y2CXVPmzaeafgjABniTsh+dPvwcXrzt2g3LQ/vVaEE06Exgwp1XCdWPspkppiRvo5L1EkRriL2qRhqECcKD8dPdCHB0ZpwTCSpoSGI/X3RIq4Uj0emE6OdEdNe0PxP6+R6PDET6mIE00EHi8KEwZ1BIdpwBaVBGvWMwRhSc2tEHeQRFibzHImBHf65VlSLRbco0LxysmXzsAYWbAH9sEhcMExKIFLUAYVgEEfPIJn8GI9WE/Wm/U+bs1Yk5lt8AfWxw8EUJk0</latexit>

⇠ 15 MeV
<latexit sha1_base64="qAKot6hzY3hXjYrt7JMXfFIfHxM=">AAAB/3icbVDLSgMxFM3UV62v8YEbN8EiuCozFdGdRRe6ESrYB3SGkknTNjTJDElGqGMFf8WNC6W49Tfcuewv+AWmj4W2HrhwOOde7r0niBhV2nG+rNTc/MLiUno5s7K6tr5hb26VVRhLTEo4ZKGsBkgRRgUpaaoZqUaSIB4wUgk6F0O/ckekoqG41d2I+By1BG1SjLSR6vYu9BTlELrH8BEmnuTwmpR7sG5nnZwzApwl7oRkz74Hl/2d+0Gxbn96jRDHnAiNGVKq5jqR9hMkNcWM9DJerEiEcAe1SM1QgThRfjK6vwcPjNKAzVCaEhqO1N8TCeJKdXlgOjnSbTXtDcX/vFqsm6d+QkUUayLweFEzZlCHcBgGbFBJsGZdQxCW1NwKcRtJhLWJLGNCcKdfniXlfM49yuVvnGzhHIyRBntgHxwCF5yAArgCRVACGDyAZ/AK3qwn68XqW+/j1pQ1mdkGf2B9/AAHNZih</latexit>

�Erecoil ' (1� 6) keV
<latexit sha1_base64="R/8WyLvJf1wRmVGDDTF3I6ZiO6s=">AAACF3icbVDJSgNBEO2JW4xb1KOXxihExDATQT0GF/AYwSyQCaGnU0madM+M3T1CGOJX5OKvePGgiFe95W/sLAdNfFDweK+KqnpeyJnStj20EguLS8srydXU2vrG5lZ6e6esgkhSKNGAB7LqEQWc+VDSTHOohhKI8DhUvO7VyK88glQs8O91L4S6IG2ftRgl2kiNdA6718A1wTeN2JUCS6AB433sKibgAWedk7Mj/DS2ulDuN9IZO2ePgeeJMyWZwoF7PBgWesVG+tttBjQS4GvKiVI1xw51PSZSM8qhn3IjBSGhXdKGmqE+EaDq8fivPj40ShO3AmnK13is/p6IiVCqJzzTKYjuqFlvJP7n1SLduqjHzA8jDT6dLGpFHOsAj0LCTWZy0LxnCKGSmVsx7RBJqDZRpkwIzuzL86SczzmnufydSeMSTZBEe2gfZZGDzlEB3aIiKiGKBugFvaF369l6tT6sz0lrwprO7KI/sL5+AHuYoTo=</latexit>



We estimate the energy transfer         as a result of 
elastic scattering when                    is sodium mass 
for the lightest       nucleon from DL detector: 

The recoil energy cannot exceed this value, which 
is amazingly close to 6 keV cutoff observed by DL. 

Intensity: the DL observed modulation 

to be compared with

�E = 2En
m1m2

(m1 +m2)2
(1� cos ✓CM) ' 8.6 keV (1� cos ✓CM) .

<latexit sha1_base64="Z9Lgb/aoRanOmAyJZ2HtDbsph9A="></latexit>

�E
<latexit sha1_base64="3HvbUHlv0zHBN98f2V89685/IjU=">AAAB8XicbZDJSgNBEIZrXGPc4nLz0hgET2EmHvRmcEGPEcyCSQg9nUrSpKdn6O4RYshbePGgiFfBh/HmMa/gE9hZDpr4Q8PH/1fRVeVHgmvjul/O3PzC4tJyYiW5ura+sZna2i7qMFYMCywUoSr7VKPgEguGG4HlSCENfIElv3M+zEv3qDQP5a3pRlgLaEvyJmfUWOuOVC9QGEouST2VdjPuSGQWvAmkT78HVx+7D4N8PfVZbYQsDlAaJqjWFc+NTK1HleFMYD9ZjTVGlHVoCysWJQ1Q13qjifvkwDoN0gyVfdKQkfu7o0cDrbuBbysDatp6Ohua/2WV2DRPaj0uo9igZOOPmrEgJiTD9UmDK2RGdC1QpridlbA2VZQZe6SkPYI3vfIsFLMZ7yiTvXHTuTMYKwF7sA+H4MEx5OAa8lAABhIe4RleHO08Oa/O27h0zpn07MAfOe8/+BKUPw==</latexit>

m2 ' 23 m1
<latexit sha1_base64="yCw21/Y3+V2RC2kJbfOBL+CSQ2U=">AAAB+3icbVC7TsMwFHV4lvIKZYPFokJiqpJ0gLEqC2Mr0YfURpHjOq1V2wm2g6ii8iksDCAEI3/AF7Cx8C24jwFajnSlo3Pu1b33hAmjSjvOl7Wyura+sZnbym/v7O7t2weFpopTiUkDxyyW7RApwqggDU01I+1EEsRDRlrh8HLit26JVDQW13qUEJ+jvqARxUgbKbALPPC6inJyA70yvIc8cAO76JScKeAyceekWDmqf9O36kctsD+7vRinnAiNGVKq4zqJ9jMkNcWMjPPdVJEE4SHqk46hAnGi/Gx6+xieGqUHo1iaEhpO1d8TGeJKjXhoOjnSA7XoTcT/vE6qows/oyJJNRF4tihKGdQxnAQBe1QSrNnIEIQlNbdCPEASYW3iypsQ3MWXl0nTK7nlklc3aVTBDDlwDE7AGXDBOaiAK1ADDYDBHXgAT+DZGluP1ov1OmtdseYzh+APrPcf40uWvQ==</latexit>

Na
<latexit sha1_base64="UKBoFqfhNfaUTVVibYvz3m4Vu5c=">AAAB73icbZC5TgMxEIZnwxXCFY6OxiJCoop2QwEdERRQoSCRQ0pWkddxEiu2d7G9SGGVl6ChACFaGh6GjjKvwBPgHAUk/JKlT/8/I89MEHGmjet+OamFxaXllfRqZm19Y3Mru71T0WGsCC2TkIeqFmBNOZO0bJjhtBYpikXAaTXoXYzy6j1VmoXy1vQj6gvckazNCDbWqiUNJdA1HjSzOTfvjoXmwZtC7ux7ePmx9zAsNbOfjVZIYkGlIRxrXffcyPgJVoYRTgeZRqxphEkPd2jdosSCaj8ZzztAh9ZpoXao7JMGjd3fHQkWWvdFYCsFNl09m43M/7J6bNqnfsJkFBsqyeSjdsyRCdFoedRiihLD+xYwUczOikgXK0yMPVHGHsGbXXkeKoW8d5wv3Li54jlMlIZ9OIAj8OAEinAFJSgDAQ6P8Awvzp3z5Lw6b5PSlDPt2YU/ct5/AM4KlEI=</latexit>

DL total modulation ' 10


counts

day

�
.

<latexit sha1_base64="yxIljczb3GgycsbK5QJvwOhTlKU="></latexit>

AQN� induced modulation ' ⌫


neutrons

day

�✓
L

10 m

◆3

<latexit sha1_base64="vdTGz7d+F6jVBiPSEMOJLPcA1FY="></latexit>



The parameter        in this formula describes the 
effective volume from surrounding rocks when the 
neutrons may affect the DL detector’s  count.  

It is very hard nuclear physics problem to compute 
the     (due to the resonances). The parameter      
must be measured. 

The prediction is consistent with DL counting for 
parameter                  (number of neutrinos from a 
single event of the AQN-annihilation) 

The AQN-induced neutrino flux is by factor (5-10) 
lower in comparison with  solar      . However, the 
key point is that this subdominant neutron AQN-
induced component is subject to annual modulation     

L
<latexit sha1_base64="ZUfyFU19m1hdGVzbqJ2d3uhxiaw=">AAAB6HicbZC7SgNBFIbPeo3xFi+dzWIQrMJuLLQzaKGFRQLmAskSZidnkzGzs8vMrBBDnsDGQhFbH8CHsbPMK/gETi6FJv4w8PH/5zDnHD/mTGnH+bIWFpeWV1ZTa+n1jc2t7czObkVFiaRYphGPZM0nCjkTWNZMc6zFEknoc6z63ctRXr1HqVgkbnUvRi8kbcECRok2Vummmck6OWcsex7cKWTPv4dXH/sPw2Iz89loRTQJUWjKiVJ114m11ydSM8pxkG4kCmNCu6SNdYOChKi8/njQgX1knJYdRNI8oe2x+7ujT0KleqFvKkOiO2o2G5n/ZfVEB2den4k40Sjo5KMg4baO7NHWdotJpJr3DBAqmZnVph0iCdXmNmlzBHd25Xmo5HPuSS5fcrKFC5goBQdwCMfgwikU4BqKUAYKCI/wDC/WnfVkvVpvk9IFa9qzB39kvf8ApLGRRg==</latexit>

L
<latexit sha1_base64="ZUfyFU19m1hdGVzbqJ2d3uhxiaw=">AAAB6HicbZC7SgNBFIbPeo3xFi+dzWIQrMJuLLQzaKGFRQLmAskSZidnkzGzs8vMrBBDnsDGQhFbH8CHsbPMK/gETi6FJv4w8PH/5zDnHD/mTGnH+bIWFpeWV1ZTa+n1jc2t7czObkVFiaRYphGPZM0nCjkTWNZMc6zFEknoc6z63ctRXr1HqVgkbnUvRi8kbcECRok2Vummmck6OWcsex7cKWTPv4dXH/sPw2Iz89loRTQJUWjKiVJ114m11ydSM8pxkG4kCmNCu6SNdYOChKi8/njQgX1knJYdRNI8oe2x+7ujT0KleqFvKkOiO2o2G5n/ZfVEB2den4k40Sjo5KMg4baO7NHWdotJpJr3DBAqmZnVph0iCdXmNmlzBHd25Xmo5HPuSS5fcrKFC5goBQdwCMfgwikU4BqKUAYKCI/wDC/WnfVkvVpvk9IFa9qzB39kvf8ApLGRRg==</latexit>

L
<latexit sha1_base64="ZUfyFU19m1hdGVzbqJ2d3uhxiaw=">AAAB6HicbZC7SgNBFIbPeo3xFi+dzWIQrMJuLLQzaKGFRQLmAskSZidnkzGzs8vMrBBDnsDGQhFbH8CHsbPMK/gETi6FJv4w8PH/5zDnHD/mTGnH+bIWFpeWV1ZTa+n1jc2t7czObkVFiaRYphGPZM0nCjkTWNZMc6zFEknoc6z63ctRXr1HqVgkbnUvRi8kbcECRok2Vummmck6OWcsex7cKWTPv4dXH/sPw2Iz89loRTQJUWjKiVJ114m11ydSM8pxkG4kCmNCu6SNdYOChKi8/njQgX1knJYdRNI8oe2x+7ujT0KleqFvKkOiO2o2G5n/ZfVEB2den4k40Sjo5KMg4baO7NHWdotJpJr3DBAqmZnVph0iCdXmNmlzBHd25Xmo5HPuSS5fcrKFC5goBQdwCMfgwikU4BqKUAYKCI/wDC/WnfVkvVpvk9IFa9qzB39kvf8ApLGRRg==</latexit>

8B
<latexit sha1_base64="iqTKNoY+nqq0PEw+p1GOsoXwS94=">AAAB63icbZC7TgJBFIbP4g3xhpfOZiIxsSK7WEgnwUJLTOSS4Epmh1mYMLO7mZk1wQ2vYGOhMba2PoydJa/gEzgLFAr+ySRf/v+czDnHizhT2ra/rMzS8srqWnY9t7G5tb2T391rqDCWhNZJyEPZ8rCinAW0rpnmtBVJioXHadMbXKR5855KxcLgRg8j6grcC5jPCNapdVeuok6+YBftidAiODMonH+PLz8OHsa1Tv7zthuSWNBAE46Vajt2pN0ES80Ip6PcbaxohMkA92jbYIAFVW4ymXWEjo3TRX4ozQs0mri/OxIslBoKz1QKrPtqPkvN/7J2rP2ym7AgijUNyPQjP+ZIhyhdHHWZpETzoQFMJDOzItLHEhNtzpMzR3DmV16ERqnonBZL13ahUoWpsnAIR3ACDpxBBa6gBnUg0IdHeIYXS1hP1qv1Ni3NWLOeffgj6/0HGf2SEA==</latexit>



Several new experiments may soon  resolve this 
controversy related to DL observations. 

1. The COSINE-100 collaboration uses the same 
target medium (sodium iodide). It is inconsistent 
with DL results if interpreted in terms of the 
WIMP-nuclei interactions    

2.CYGNO is capable to measure the directionality. It 
is expected to be installed at LNGS by fall 2021. 
They will measure environmental neutron flux 
(including directionality, and time modulation)   

3.The ANAIS-112 collaboration also uses the same 
target material. The goal is to reach the sensitivity 
at level       for 5 years of data. Present sensitivity:



(from my PRD paper) 

I specifically requested (and was promised) to collect some 
data without neutron shielding, which may prevent the 
AQN-induced neutrons (generating the annual modulation) 
to enter the detectors  



Other NaI experiments. Slide from a COSINUS presentation 
at the PATRAS-2021 meeting



5. Comments on DL and other experiments

The  most other existing experiments exclude DL signal 
if interpreted in terms of WIMP models; 

Very different neutron shieldings are used in 
different experiments; 

Recoil energy for heavier targets (such as xenon) 
could be below threshold; 

New experiments such as COSINE-100, CYGNO, 
ANAIS-112 may confirm this proposal on annual  
modulations if the neutron shielding is removed 

 It can be tested by measuring the directionality, 
modulation and intensity of the surrounding neutrons    



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
<latexit sha1_base64="8f6Cd/280ABSfHphH1q5E6HiBwE=">AAAB+XicbVC5TsNAEF1zhnCZo6NZESFRRXZSQEcEBZRBIoeUmGi9mSSrrNfW7jpSsPwnNBQgREHDn9BR5hf4AjZHAQlPGunpvRnNzPMjzpR2nC9raXlldW09s5Hd3Nre2bX39qsqjCWFCg15KOs+UcCZgIpmmkM9kkACn0PN71+N/doApGKhuNPDCLyAdAXrMEq0kVq27Tr3iVtMcdKUAYZq2rJzTt6ZAC8Sd0ZyF9+j6/fDh1G5ZX822yGNAxCacqJUw3Ui7SVEakY5pNlmrCAitE+60DBUkACUl0wuT/GJUdq4E0pTQuOJ+nsiIYFSw8A3nQHRPTXvjcX/vEasO+dewkQUaxB0uqgTc6xDPI4Bt5kEqvnQEEIlM7di2iOSUG3CypoQ3PmXF0m1kHeL+cKtkytdoiky6Agdo1PkojNUQjeojCqIogF6RM/oxUqsJ+vVepu2LlmzmQP0B9bHD/s3lwo=</latexit>

1019eV
<latexit sha1_base64="yP1yAROWdo1o+jH5vVBOC1m1Gto=">AAAB+XicbVC5TsNAEB1zhnCZo6NZESFRRXYogIoICiiDRA4pMdF6s0lW2bWt3XWkYPlPaChAiIKGP6GjzC/wBWyOAhKeNNLTezOamedHnCntOF/WwuLS8spqZi27vrG5tW3v7FZUGEtCyyTkoaz5WFHOAlrWTHNaiyTFwue06veuRn61T6ViYXCnBxH1BO4ErM0I1kZq2rbr3CfueYqShhSIVtKmnXPyzhhonrhTkrv4Hl6/7z8MS037s9EKSSxooAnHStVdJ9JegqVmhNM024gVjTDp4Q6tGxpgQZWXjC9P0ZFRWqgdSlOBRmP190SChVID4ZtOgXVXzXoj8T+vHuv2mZewIIo1DchkUTvmSIdoFANqMUmJ5gNDMJHM3IpIF0tMtAkra0JwZ1+eJ5VC3j3JF26dXPESJsjAARzCMbhwCkW4gRKUgUAfHuEZXqzEerJerbdJ64I1ndmDP7A+fgAEmpcQ</latexit>



“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 lightnings       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

<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



typical burst event

typical CR event

The “edge puzzle”

adopted from TA [Abbasi-2017]

<latexit sha1_base64="TWQtsaStM1vm9EipKht0YPcVreQ=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoOQU9gVJB6DXjxGcJNAdgmzk9lkyMzsMjMrhCXfkIsHRbz6IX6CNz/Eu5PHQRMLGoqqbrq7opQzbVz3yylsbG5t7xR3S3v7B4dH5eOTlk4yRahPEp6oToQ15UxS3zDDaSdVFIuI03Y0up357UeqNEvkgxmnNBR4IFnMCDZW8gORId0rV9yaOwdaJ96SVBooqH5/TINmr/wZ9BOSCSoN4VjrruemJsyxMoxwOikFmaYpJiM8oF1LJRZUh/n82Am6sEofxYmyJQ2aq78nciy0HovIdgpshnrVm4n/ed3MxNdhzmSaGSrJYlGccWQSNPsc9ZmixPCxJZgoZm9FZIgVJsbmU7IheKsvr5PWZc27qrn3No0bWKAIZ3AOVfCgDg24gyb4QIDBFJ7hxZHOk/PqvC1aC85y5hT+wHn/AURgkgM=</latexit>µs

<latexit sha1_base64="TWQtsaStM1vm9EipKht0YPcVreQ=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoOQU9gVJB6DXjxGcJNAdgmzk9lkyMzsMjMrhCXfkIsHRbz6IX6CNz/Eu5PHQRMLGoqqbrq7opQzbVz3yylsbG5t7xR3S3v7B4dH5eOTlk4yRahPEp6oToQ15UxS3zDDaSdVFIuI03Y0up357UeqNEvkgxmnNBR4IFnMCDZW8gORId0rV9yaOwdaJ96SVBooqH5/TINmr/wZ9BOSCSoN4VjrruemJsyxMoxwOikFmaYpJiM8oF1LJRZUh/n82Am6sEofxYmyJQ2aq78nciy0HovIdgpshnrVm4n/ed3MxNdhzmSaGSrJYlGccWQSNPsc9ZmixPCxJZgoZm9FZIgVJsbmU7IheKsvr5PWZc27qrn3No0bWKAIZ3AOVfCgDg24gyb4QIDBFJ7hxZHOk/PqvC1aC85y5hT+wHn/AURgkgM=</latexit>µs



a journalist published a story about my paper .                     
I better show few slides by myself



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. Internal temperature:  

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
<latexit sha1_base64="1MpTBiVwMrevLjyf0kL4yLkDKyE=">AAAB+3icbVC7TsNAEFzzDOFlQgfNiQiJKrJDAWUUGspEIg8pjqzz5Zyccmdbd2dEZIVPoaEAISj5A76AjoZv4fIoIGGklUYzu9rdCRLOlHacL2tldW19YzO3ld/e2d3btw8KTRWnktAGiXks2wFWlLOINjTTnLYTSbEIOG0Fw6uJ37qlUrE4utGjhHYF7kcsZARrI/l2gfvYU0wg13HukScFEr5ddErOFGiZuHNSrBzVv9lb9aPm259eLyapoJEmHCvVcZ1EdzMsNSOcjvNeqmiCyRD3acfQCAuqutn09jE6NUoPhbE0FWk0VX9PZFgoNRKB6RRYD9SiNxH/8zqpDi+7GYuSVNOIzBaFKUc6RpMgUI9JSjQfGYKJZOZWRAZYYqJNXHkTgrv48jJplkvuealcN2lUYYYcHMMJnIELF1CBa6hBAwjcwQM8wbM1th6tF+t11rpizWcO4Q+s9x8qt5bs</latexit>

<latexit sha1_base64="ZuLX8nWqnJ3xCxw7GdnErKcphYk=">AAAB+3icbVC7TsMwFHXKq5RXKGwsFhUSU5V0ADYqGGAsUl9SE1WO67RWbSeyHUSJyqewMIAQYuNH2Bj7C3wB7mOAliNd6eice3XvPUHMqNKO82VllpZXVtey67mNza3tHXs3X1dRIjGp4YhFshkgRRgVpKapZqQZS4J4wEgj6F+O/cYtkYpGoqoHMfE56goaUoy0kdp2vuopyqHrwAfoSQ77pN62C07RmQAuEndGCuffo6v3/ftRpW1/ep0IJ5wIjRlSquU6sfZTJDXFjAxzXqJIjHAfdUnLUIE4UX46uX0Ij4zSgWEkTQkNJ+rviRRxpQY8MJ0c6Z6a98bif14r0eGZn1IRJ5oIPF0UJgzqCI6DgB0qCdZsYAjCkppbIe4hibA2ceVMCO78y4ukXiq6J8XSjVMoX4ApsuAAHIJj4IJTUAbXoAJqAIM78AiewYs1tJ6sV+tt2pqxZjN74A+sjx/8QJeR</latexit>

T ⇠ 10 keV



↵
<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
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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”
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typical burst event

typical CR event

The “edge puzzle”

adopted from TA [Abbasi-2017]
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                       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)     

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 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 puzzle, the Telescope Array mysterious 
bursts, DL annual modulations, etc  
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The long standing puzzle on DL observation of the 
annual modulation (12.9 sigma CL) may find a 
natural resolution within the same AQN framework; 

All energy scales which enter the problem have not 
been “invented” for explanation of the DL signal. 
Instead, all the relevant scales [leading e.g. to the 
observed (1-6) keV recoil energy] have been 
established long ago in unrelated studies for 
different purposes in a different context.  

This model also predicts large (~20%) daily 
modulations. This prediction is presently analyzed 
by the CAST-CAPP collaboration with axions.  

CAST-CAPP  uses the axions emitted by AQN instead 
of     which is  relevant for the DL studies: 



AQN

Dark Matter
“Baryogenesis”         

(charge separation)

Solar corona 
  Mystery 

Primordial 
Lithium Puzzle

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