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Axion Quark Nuggets: theory, observations and 
future experimental searches 



This talk is based on recent papers written with astro, 
particle experimentalists,  and  AMO-Nuclear Physics people 

will speak on Wed 



will speak on Wed 



Axion and its relation to a number of old 
(and apparently unrelated) Mysteries

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

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

3. yet another 80- years old mystery: the so-called 
“solar heating puzzle”  (W. Grotrian, 1939)  

4. yet another old mystery: Primordial Lithium 
Puzzle (problem stays with us for at least two 
decades) 

5. many other observed puzzles … to be mentioned 
today
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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
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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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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 



• 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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T ' 20 MeV
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⌘
<latexit sha1_base64="9D1eM5DXsqwjhMp8DJwyUbPuYvY=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoOgTbiz0TJoYxnBxEDuCHubvWTJ7t6xOyeEI3/BxkIRW/+Qnf/GzUehiQ8GHu/NMDMvzqSw6PvfXmltfWNzq7xd2dnd2z+oHh61bZobxlsslanpxNRyKTRvoUDJO5nhVMWSP8aj26n/+MSNFal+wHHGI0UHWiSCUZxKIUfaq9b8uj8DWSXBgtQaJLwAh2av+hX2U5YrrpFJam038DOMCmpQMMknlTC3PKNsRAe866imituomN06IWdO6ZMkNa40kpn6e6Kgytqxil2noji0y95U/M/r5phcR4XQWY5cs/miJJcEUzJ9nPSF4Qzl2BHKjHC3EjakhjJ08VRcCMHyy6ukfVkP/Hpw79K4gTnKcAKncA4BXEED7qAJLWAwhGd4hTdPeS/eu/cxby15i5lj+APv8wc9qo8Z</latexit><latexit sha1_base64="EKGl5sTRg4xbzQ9LdZX6Ful5BzM=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoOQKtzZaBm0sYxgPiAXwt5mL1mye3fszgnhyF/QwkIRW/+IP8HOH2LvXpJCEx8MPN6bYWZekEhh0HW/nMLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUkS8iQIl7ySaUxVI3g7G17nfvufaiDi6w0nCe4oOIxEKRjGXfI60X664NXcGskq8BanUiV/9/nj0G/3ypz+IWap4hExSY7qem2AvoxoFk3xa8lPDE8rGdMi7lkZUcdPLZrdOyZlVBiSMta0IyUz9PZFRZcxEBbZTURyZZS8X//O6KYaXvUxESYo8YvNFYSoJxiR/nAyE5gzlxBLKtLC3EjaimjK08ZRsCN7yy6ukdV7z3Jp3a9O4gjmKcAKnUAUPLqAON9CAJjAYwQM8w4ujnCfn1Xmbtxacxcwx/IHz/gPDOpG6</latexit><latexit sha1_base64="EKGl5sTRg4xbzQ9LdZX6Ful5BzM=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoOQKtzZaBm0sYxgPiAXwt5mL1mye3fszgnhyF/QwkIRW/+IP8HOH2LvXpJCEx8MPN6bYWZekEhh0HW/nMLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUkS8iQIl7ySaUxVI3g7G17nfvufaiDi6w0nCe4oOIxEKRjGXfI60X664NXcGskq8BanUiV/9/nj0G/3ypz+IWap4hExSY7qem2AvoxoFk3xa8lPDE8rGdMi7lkZUcdPLZrdOyZlVBiSMta0IyUz9PZFRZcxEBbZTURyZZS8X//O6KYaXvUxESYo8YvNFYSoJxiR/nAyE5gzlxBLKtLC3EjaimjK08ZRsCN7yy6ukdV7z3Jp3a9O4gjmKcAKnUAUPLqAON9CAJjAYwQM8w4ujnCfn1Xmbtxacxcwx/IHz/gPDOpG6</latexit><latexit sha1_base64="EKGl5sTRg4xbzQ9LdZX6Ful5BzM=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoOQKtzZaBm0sYxgPiAXwt5mL1mye3fszgnhyF/QwkIRW/+IP8HOH2LvXpJCEx8MPN6bYWZekEhh0HW/nMLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUkS8iQIl7ySaUxVI3g7G17nfvufaiDi6w0nCe4oOIxEKRjGXfI60X664NXcGskq8BanUiV/9/nj0G/3ypz+IWap4hExSY7qem2AvoxoFk3xa8lPDE8rGdMi7lkZUcdPLZrdOyZlVBiSMta0IyUz9PZFRZcxEBbZTURyZZS8X//O6KYaXvUxESYo8YvNFYSoJxiR/nAyE5gzlxBLKtLC3EjaimjK08ZRsCN7yy6ukdV7z3Jp3a9O4gjmKcAKnUAUPLqAON9CAJjAYwQM8w4ujnCfn1Xmbtxacxcwx/IHz/gPDOpG6</latexit><latexit sha1_base64="TfIaAenBgrDbIA7mxqeg+YYek2c=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5stAzaWEYwH5AcYW8zlyzZ3Tt294QQ8hdsLBSx9Q/Z+W/cS67QxAcDj/dmmJkXpYIb6/vfXmljc2t7p7xb2ds/ODyqHp+0TZJphi2WiER3I2pQcIUty63AbqqRykhgJ5rc5X7nCbXhiXq00xRDSUeKx5xRm0t9tHRQrfl1fwGyToKC1KBAc1D96g8TlklUlglqTC/wUxvOqLacCZxX+pnBlLIJHWHPUUUlmnC2uHVOLpwyJHGiXSlLFurviRmVxkxl5DoltWOz6uXif14vs/FNOOMqzSwqtlwUZ4LYhOSPkyHXyKyYOkKZ5u5WwsZUU2ZdPBUXQrD68jppX9UDvx48+LXGbRFHGc7gHC4hgGtowD00oQUMxvAMr/DmSe/Fe/c+lq0lr5g5hT/wPn8AB6KONA==</latexit>

⇠ 1010
<latexit sha1_base64="CCzaCTviAnP88LC5o7OXbGaAoHc=">AAAB83icbVC7TgMxENwLrxBeAUoaiwiJKvLRQEcEBZRBIg8pOSKf40us2L6T7UOKTvkNGgoiRMvP0FHyC3wBzqOAhJFWGs3sancnTAQ3FuNPL7eyura+kd8sbG3v7O4V9w/qJk41ZTUai1g3Q2KY4IrVLLeCNRPNiAwFa4SD64nfeGTa8Fjd22HCAkl6ikecEuukdttwiXz8kPl41CmWcBlPgZaJPyely++vmzEAVDvFj3Y3pqlkylJBjGn5OLFBRrTlVLBRoZ0alhA6ID3WclQRyUyQTW8eoROndFEUa1fKoqn6eyIj0pihDF2nJLZvFr2J+J/XSm10EWRcJallis4WRalANkaTAFCXa0atGDpCqObuVkT7RBNqXUwFF4K/+PIyqZ+VfVz273CpcgUz5OEIjuEUfDiHCtxCFWpAIYEneIGxl3rP3qv3NmvNefOZQ/gD7/0Hu1uTxA==</latexit><latexit sha1_base64="/wLQeR1UFqPyq2PzZLnMTbvhzwk=">AAAB83icbVC5TgMxEPVyhnCFo6OxiJCoIpsGOiIooAwSOaTsEnkdb2LF9q5sL1JY5TdoKECIFj6GjjK/wBfgHAUkPGmkp/dmNDMvTAQ3FqEvb2FxaXllNbeWX9/Y3Nou7OzWTJxqyqo0FrFuhMQwwRWrWm4FaySaERkKVg97lyO/fs+04bG6tf2EBZJ0FI84JdZJvm+4hBjdZRgNWoUiKqEx4DzBU1I8/x5efew/DCutwqffjmkqmbJUEGOaGCU2yIi2nAo2yPupYQmhPdJhTUcVkcwE2fjmATxyShtGsXalLByrvycyIo3py9B1SmK7ZtYbif95zdRGZ0HGVZJapuhkUZQKaGM4CgC2uWbUir4jhGruboW0SzSh1sWUdyHg2ZfnSe2khFEJ36Bi+QJMkAMH4BAcAwxOQRlcgwqoAgoS8AiewYuXek/eq/c2aV3wpjN74A+89x+3xpVB</latexit><latexit sha1_base64="/wLQeR1UFqPyq2PzZLnMTbvhzwk=">AAAB83icbVC5TgMxEPVyhnCFo6OxiJCoIpsGOiIooAwSOaTsEnkdb2LF9q5sL1JY5TdoKECIFj6GjjK/wBfgHAUkPGmkp/dmNDMvTAQ3FqEvb2FxaXllNbeWX9/Y3Nou7OzWTJxqyqo0FrFuhMQwwRWrWm4FaySaERkKVg97lyO/fs+04bG6tf2EBZJ0FI84JdZJvm+4hBjdZRgNWoUiKqEx4DzBU1I8/x5efew/DCutwqffjmkqmbJUEGOaGCU2yIi2nAo2yPupYQmhPdJhTUcVkcwE2fjmATxyShtGsXalLByrvycyIo3py9B1SmK7ZtYbif95zdRGZ0HGVZJapuhkUZQKaGM4CgC2uWbUir4jhGruboW0SzSh1sWUdyHg2ZfnSe2khFEJ36Bi+QJMkAMH4BAcAwxOQRlcgwqoAgoS8AiewYuXek/eq/c2aV3wpjN74A+89x+3xpVB</latexit><latexit sha1_base64="/wLQeR1UFqPyq2PzZLnMTbvhzwk=">AAAB83icbVC5TgMxEPVyhnCFo6OxiJCoIpsGOiIooAwSOaTsEnkdb2LF9q5sL1JY5TdoKECIFj6GjjK/wBfgHAUkPGmkp/dmNDMvTAQ3FqEvb2FxaXllNbeWX9/Y3Nou7OzWTJxqyqo0FrFuhMQwwRWrWm4FaySaERkKVg97lyO/fs+04bG6tf2EBZJ0FI84JdZJvm+4hBjdZRgNWoUiKqEx4DzBU1I8/x5efew/DCutwqffjmkqmbJUEGOaGCU2yIi2nAo2yPupYQmhPdJhTUcVkcwE2fjmATxyShtGsXalLByrvycyIo3py9B1SmK7ZtYbif95zdRGZ0HGVZJapuhkUZQKaGM4CgC2uWbUir4jhGruboW0SzSh1sWUdyHg2ZfnSe2khFEJ36Bi+QJMkAMH4BAcAwxOQRlcgwqoAgoS8AiewYuXek/eq/c2aV3wpjN74A+89x+3xpVB</latexit><latexit sha1_base64="+LXuMqxCuxFxPEma6Kd/W6mu05A=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU0m86LHoxWMF2wrtWrJptg1NskuSFcrSv+HFgyJe/TPe/Dem7R609cHA470ZZuZFqRTWYfwdlNbWNza3ytuVnd29/YPq4VHbJplhvMUSmZiHiFouheYtJ5zkD6nhVEWSd6LxzczvPHFjRaLv3STloaJDLWLBqPNSr2eFQgQ/5gRP+9UaruM50CohBalBgWa/+tUbJCxTXDsmqbVdglMX5tQ4wSSfVnqZ5SllYzrkXU81VdyG+fzmKTrzygDFifGlHZqrvydyqqydqMh3KupGdtmbif953czFV2EudJo5rtliUZxJ5BI0CwANhOHMyYknlBnhb0VsRA1lzsdU8SGQ5ZdXSfuiTnCd3OFa47qIowwncArnQOASGnALTWgBgxSe4RXegix4Cd6Dj0VrKShmjuEPgs8ftqyQyw==</latexit>

T = 40 MeV
<latexit sha1_base64="KnIOK2Fx2MqaiB8lxXa2R77nUL4=">AAAB+XicbVDLSgNBEOz1GeNr1aOXwSB4Crsi6EUMetCLECEvSEKYncwmQ2Zml5nZQFjil3jQgyJe/RNvHv0Fv8DJ46CJBQ1FVTfdXUHMmTae9+ksLC4tr6xm1rLrG5tb2+7ObkVHiSK0TCIeqVqANeVM0rJhhtNarCgWAafVoHc18qt9qjSLZMkMYtoUuCNZyAg2Vmq5bun8xEP3aUMJdEsraNhyc17eGwPNE39KchffX9ePAFBsuR+NdkQSQaUhHGtd973YNFOsDCOcDrONRNMYkx7u0LqlEguqm+n48iE6tEobhZGyJQ0aq78nUiy0HojAdgpsunrWG4n/efXEhGfNlMk4MVSSyaIw4chEaBQDajNFieEDSzBRzN6KSBcrTIwNK2tD8GdfnieV47zv5f07L1e4hAkysA8HcAQ+nEIBbqAIZSDQhwd4hhcndZ6cV+dt0rrgTGf24A+c9x+juJVO</latexit><latexit sha1_base64="4lSKzjzOpbSJoFyjt+9zSA3JlcI=">AAAB+XicbVDLSgMxFM3UV62v8bFzEyyCq5IRQTdi0YVuhAp9QTuUTJq2oUlmSDKFOtQvceNCERdu/BN3LvsLfoHpY6GtBy4czrmXe+8JIs60QejLSS0sLi2vpFcza+sbm1vu9k5Zh7EitERCHqpqgDXlTNKSYYbTaqQoFgGnlaB7NfIrPao0C2XR9CPqC9yWrMUINlZquG7x/ATBh6SuBLylZThouFmUQ2PAeeJNSfbie3j9vnc/LDTcz3ozJLGg0hCOta55KDJ+gpVhhNNBph5rGmHSxW1as1RiQbWfjC8fwEOrNGErVLakgWP190SChdZ9EdhOgU1Hz3oj8T+vFpvWmZ8wGcWGSjJZ1Io5NCEcxQCbTFFieN8STBSzt0LSwQoTY8PK2BC82ZfnSfk456Gcd4ey+UswQRrsgwNwBDxwCvLgBhRACRDQA4/gGbw4ifPkvDpvk9aUM53ZBX/gfPwAoCOWyw==</latexit><latexit sha1_base64="4lSKzjzOpbSJoFyjt+9zSA3JlcI=">AAAB+XicbVDLSgMxFM3UV62v8bFzEyyCq5IRQTdi0YVuhAp9QTuUTJq2oUlmSDKFOtQvceNCERdu/BN3LvsLfoHpY6GtBy4czrmXe+8JIs60QejLSS0sLi2vpFcza+sbm1vu9k5Zh7EitERCHqpqgDXlTNKSYYbTaqQoFgGnlaB7NfIrPao0C2XR9CPqC9yWrMUINlZquG7x/ATBh6SuBLylZThouFmUQ2PAeeJNSfbie3j9vnc/LDTcz3ozJLGg0hCOta55KDJ+gpVhhNNBph5rGmHSxW1as1RiQbWfjC8fwEOrNGErVLakgWP190SChdZ9EdhOgU1Hz3oj8T+vFpvWmZ8wGcWGSjJZ1Io5NCEcxQCbTFFieN8STBSzt0LSwQoTY8PK2BC82ZfnSfk456Gcd4ey+UswQRrsgwNwBDxwCvLgBhRACRDQA4/gGbw4ifPkvDpvk9aUM53ZBX/gfPwAoCOWyw==</latexit><latexit sha1_base64="4lSKzjzOpbSJoFyjt+9zSA3JlcI=">AAAB+XicbVDLSgMxFM3UV62v8bFzEyyCq5IRQTdi0YVuhAp9QTuUTJq2oUlmSDKFOtQvceNCERdu/BN3LvsLfoHpY6GtBy4czrmXe+8JIs60QejLSS0sLi2vpFcza+sbm1vu9k5Zh7EitERCHqpqgDXlTNKSYYbTaqQoFgGnlaB7NfIrPao0C2XR9CPqC9yWrMUINlZquG7x/ATBh6SuBLylZThouFmUQ2PAeeJNSfbie3j9vnc/LDTcz3ozJLGg0hCOta55KDJ+gpVhhNNBph5rGmHSxW1as1RiQbWfjC8fwEOrNGErVLakgWP190SChdZ9EdhOgU1Hz3oj8T+vFpvWmZ8wGcWGSjJZ1Io5NCEcxQCbTFFieN8STBSzt0LSwQoTY8PK2BC82ZfnSfk456Gcd4ey+UswQRrsgwNwBDxwCvLgBhRACRDQA4/gGbw4ifPkvDpvk9aUM53ZBX/gfPwAoCOWyw==</latexit><latexit sha1_base64="IxheINv6Kt1tTezw9oKJEJigtMM=">AAAB+XicbVBNSwMxEM3Wr1q/Vj16CRbBU8mKoBeh6MWLUKFf0C4lm862ocnukmQLZam/xIsHRbz6T7z5b0zbPWjrg4HHezPMzAsSwbUh5NsprK1vbG4Vt0s7u3v7B+7hUVPHqWLQYLGIVTugGgSPoGG4EdBOFFAZCGgFo7uZ3xqD0jyO6maSgC/pIOIhZ9RYqee69ZtLgp+yrpL4AZp42nPLpELmwKvEy0kZ5aj13K9uP2aphMgwQbXueCQxfkaV4UzAtNRNNSSUjegAOpZGVIL2s/nlU3xmlT4OY2UrMniu/p7IqNR6IgPbKakZ6mVvJv7ndVITXvsZj5LUQMQWi8JUYBPjWQy4zxUwIyaWUKa4vRWzIVWUGRtWyYbgLb+8SpoXFY9UvEdSrt7mcRTRCTpF58hDV6iK7lENNRBDY/SMXtGbkzkvzrvzsWgtOPnMMfoD5/MHnwmSVQ==</latexit>

⌘ (naive) ⌘ nB

n�
⇠ 10�19 for T = 20 MeV

<latexit sha1_base64="QcZ8DUmPj0+SPMlDsFmrqjdCfdo="></latexit><latexit sha1_base64="9Nw+kwilJgxuelL4DiVtlRrHQkk="></latexit><latexit sha1_base64="9Nw+kwilJgxuelL4DiVtlRrHQkk="></latexit><latexit sha1_base64="9Nw+kwilJgxuelL4DiVtlRrHQkk="></latexit><latexit sha1_base64="OY47T4DOjqwAL/etkPEfid2fBZI="></latexit>



We want to offer a new alternative (unorthodox) 
framework where all these, naively unrelated, 
phenomena could be intimately connected   

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

Essentially, our claim is that we have been 
witnessing (indirectly) the manifestation of the DM 
(beyond gravity) for years with many puzzling 
observations (20+ published papers with “hints”) 

It includes: the excess of radiation from galactic 
centre (including 511 keV line, diffuse x -rays, etc), 
solar corona heating problem, primordial Lithium 
problem, Telescope Array mysterious bursts, 
DAMA/LIBRA observation of the annual modulation 
with                ,X- rays seasonal variations observed 
by XMM-Newton with               , to name just few…

<latexit sha1_base64="3ThgNvuk0ymOxqZAke1qpAACb0U=">AAAB+HicbVC7SgNBFJ31GeMj66OzGQyC1bIrBLUymEILiwjmAckSZieTZMjM7DIzKyRL8iM2ForYWPgpdpb5Bb/AyaPQxAMXDufcy733BBGjSrvul7W0vLK6tp7aSG9ube9k7N29sgpjiUkJhyyU1QApwqggJU01I9VIEsQDRipBtzD2Kw9EKhqKe92LiM9RW9AWxUgbqWFnLpwcHNYVbXM0hIXbhp11HXcCuEi8Gclefo+u3w/6o2LD/qw3QxxzIjRmSKma50baT5DUFDMySNdjRSKEu6hNaoYKxInyk8nhA3hslCZshdKU0HCi/p5IEFeqxwPTyZHuqHlvLP7n1WLdOvcTKqJYE4Gni1oxgzqE4xRgk0qCNesZgrCk5laIO0girE1WaROCN//yIimfOl7Oce/cbP4KTJECh+AInAAPnIE8uAFFUAIYxOARPIMXq289Wa/W27R1yZrN7IM/sD5+ACBJlos=</latexit>

9.5 � CL
<latexit sha1_base64="tZa4Ms45me+N4Bppy/T1/8frf04=">AAAB9XicbVC7SgNBFL3rM8ZXfHQ2g0GwCruCaGcwhRYWEcwDkjXMTmaTITO7y8ysEpfkO2wsFLHUf7GzzC/4BU4ehSYeuHA4517uvceLOFPatr+sufmFxaXl1Ep6dW19YzOztV1WYSwJLZGQh7LqYUU5C2hJM81pNZIUC4/TitcpDP3KHZWKhcGN7kbUFbgVMJ8RrI106zioX1esJXAfFa4amayds0dAs8SZkOzZ9+DiffdhUGxkPuvNkMSCBppwrFTNsSPtJlhqRjjtpeuxohEmHdyiNUMDLKhyk9HVPXRglCbyQ2kq0Gik/p5IsFCqKzzTKbBuq2lvKP7n1WLtn7oJC6JY04CMF/kxRzpEwwhQk0lKNO8agolk5lZE2lhiok1QaROCM/3yLCkf5ZzjnH1tZ/PnMEYK9mAfDsGBE8jDJRShBAQkPMIzvFj31pP1ar2NW+esycwO/IH18QMoeJYW</latexit>

11 � CL



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

3. 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 

�/M
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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:                                         

✓ 6= 0

⌦dark ⇡ ⌦visible ⇠ ⇤QCD

✏ ⇠ S/V ⇠ B�1/3 << 1 �/M ⌧ cm2/g
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Antiquark nugget structure.    Source of emission  
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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, i.e.               . 

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:                             

The             DW can be formed irrespectively to the 
inflation scale.   We always assume               .                
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<latexit sha1_base64="qv1v0Rkczd1Ua6E5ir5pOBapJYs=">AAAB8nicbVC7SgNBFL0bXzG+opY2g0GxCrs2WknQJnYJmAckyzI7mU2GzM4sM7NCWPIZNhaK2Fpb+w12foi9k0ehiQcuHM65l3vvCRPOtHHdLye3srq2vpHfLGxt7+zuFfcPmlqmitAGkVyqdog15UzQhmGG03aiKI5DTlvh8Gbit+6p0kyKOzNKqB/jvmARI9hYqVMNbq9QFGS1+jgoltyyOwVaJt6clCqn3+8fAFALip/dniRpTIUhHGvd8dzE+BlWhhFOx4VuqmmCyRD3acdSgWOq/Wx68hidWKWHIqlsCYOm6u+JDMdaj+LQdsbYDPSiNxH/8zqpiS79jIkkNVSQ2aIo5chINPkf9ZiixPCRJZgoZm9FZIAVJsamVLAheIsvL5Pmedlzy17dpnENM+ThCI7hDDy4gApUoQYNICDhAZ7g2THOo/PivM5ac8585hD+wHn7AQ9Xk2E=</latexit><latexit sha1_base64="D1HeQgm0VB5wyMzWb4AjIPAIXsM=">AAAB8nicbVC7SgNBFJ31GRMfUUubwaBYhV0brSRoE7sEzAM2yzI7mU2GzO4sM3cDYcln2FgoYmvtD/gHdn6I1k4ehSYeuHA4517uvSdIBNdg25/Wyura+sZmbitf2N7Z3SvuHzS1TBVlDSqFVO2AaCZ4zBrAQbB2ohiJAsFaweBm4reGTGku4zsYJcyLSC/mIacEjORW/dsrHPpZrT72iyW7bE+Bl4kzJ6XK6dfb+7DwXfOLH52upGnEYqCCaO06dgJeRhRwKtg430k1SwgdkB5zDY1JxLSXTU8e4xOjdHEolakY8FT9PZGRSOtRFJjOiEBfL3oT8T/PTSG89DIeJymwmM4WhanAIPHkf9zlilEQI0MIVdzcimmfKELBpJQ3ITiLLy+T5nnZsctO3aRxjWbIoSN0jM6Qgy5QBVVRDTUQRRLdo0f0ZIH1YD1bL7PWFWs+c4j+wHr9AQf3lNs=</latexit><latexit sha1_base64="D1HeQgm0VB5wyMzWb4AjIPAIXsM=">AAAB8nicbVC7SgNBFJ31GRMfUUubwaBYhV0brSRoE7sEzAM2yzI7mU2GzO4sM3cDYcln2FgoYmvtD/gHdn6I1k4ehSYeuHA4517uvSdIBNdg25/Wyura+sZmbitf2N7Z3SvuHzS1TBVlDSqFVO2AaCZ4zBrAQbB2ohiJAsFaweBm4reGTGku4zsYJcyLSC/mIacEjORW/dsrHPpZrT72iyW7bE+Bl4kzJ6XK6dfb+7DwXfOLH52upGnEYqCCaO06dgJeRhRwKtg430k1SwgdkB5zDY1JxLSXTU8e4xOjdHEolakY8FT9PZGRSOtRFJjOiEBfL3oT8T/PTSG89DIeJymwmM4WhanAIPHkf9zlilEQI0MIVdzcimmfKELBpJQ3ITiLLy+T5nnZsctO3aRxjWbIoSN0jM6Qgy5QBVVRDTUQRRLdo0f0ZIH1YD1bL7PWFWs+c4j+wHr9AQf3lNs=</latexit><latexit sha1_base64="D1HeQgm0VB5wyMzWb4AjIPAIXsM=">AAAB8nicbVC7SgNBFJ31GRMfUUubwaBYhV0brSRoE7sEzAM2yzI7mU2GzO4sM3cDYcln2FgoYmvtD/gHdn6I1k4ehSYeuHA4517uvSdIBNdg25/Wyura+sZmbitf2N7Z3SvuHzS1TBVlDSqFVO2AaCZ4zBrAQbB2ohiJAsFaweBm4reGTGku4zsYJcyLSC/mIacEjORW/dsrHPpZrT72iyW7bE+Bl4kzJ6XK6dfb+7DwXfOLH52upGnEYqCCaO06dgJeRhRwKtg430k1SwgdkB5zDY1JxLSXTU8e4xOjdHEolakY8FT9PZGRSOtRFJjOiEBfL3oT8T/PTSG89DIeJymwmM4WhanAIPHkf9zlilEQI0MIVdzcimmfKELBpJQ3ITiLLy+T5nnZsctO3aRxjWbIoSN0jM6Qgy5QBVVRDTUQRRLdo0f0ZIH1YD1bL7PWFWs+c4j+wHr9AQf3lNs=</latexit><latexit sha1_base64="KeNpLjdriFi/pRSpptMqkZZQDJQ=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0m86EmKXuqtBfsBaQib7aZdutkNuxOhhP4MLx4U8eqv8ea/cdvmoK0PBh7vzTAzL0oFN+C6305pY3Nre6e8W9nbPzg8qh6fdI3KNGUdqoTS/YgYJrhkHeAgWD/VjCSRYL1ocj/3e09MG67kI0xTFiRkJHnMKQEr+c3w4RbHYd5qz8Jqza27C+B14hWkhgq0wurXYKholjAJVBBjfM9NIciJBk4Fm1UGmWEpoRMyYr6lkiTMBPni5Bm+sMoQx0rbkoAX6u+JnCTGTJPIdiYExmbVm4v/eX4G8U2Qc5lmwCRdLoozgUHh+f94yDWjIKaWEKq5vRXTMdGEgk2pYkPwVl9eJ92ruufWvbZba9wVcZTRGTpHl8hD16iBmqiFOogihZ7RK3pzwHlx3p2PZWvJKWZO0R84nz9CMZCQ</latexit>
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HI < fPQ
<latexit sha1_base64="eMONIdqeb5mXh+640PWfdryM3dU=">AAAB8nicbVC7SgNBFL0bXzG+opY2g0GxCrs2WlgEbWKXgHlAsiyzk9lkyOzMMjMrhCWfYWOhiK21td9g54fYO3kUmnjgwuGce7n3njDhTBvX/XJyK6tr6xv5zcLW9s7uXnH/oKllqghtEMmlaodYU84EbRhmOG0niuI45LQVDm8mfuueKs2kuDOjhPox7gsWMYKNlTrV4BZdRUFWq4+DYsktu1OgZeLNSaly+v3+AQC1oPjZ7UmSxlQYwrHWHc9NjJ9hZRjhdFzoppommAxxn3YsFTim2s+mJ4/RiVV6KJLKljBoqv6eyHCs9SgObWeMzUAvehPxP6+TmujSz5hIUkMFmS2KUo6MRJP/UY8pSgwfWYKJYvZWRAZYYWJsSgUbgrf48jJpnpc9t+zVbRrXMEMejuAYzsCDC6hAFWrQAAISHuAJnh3jPDovzuusNefMZw7hD5y3Hwwlk18=</latexit><latexit sha1_base64="aYREn6Ky1cV3CaVwmxYrVK5QBEE=">AAAB8nicbVC7TsNAEDzzDAmPACXNiQhEFdk0UFBE0IQukchDcizrfDknp5x91t06UmTlM2goQIiWmh/gD+j4EKi5PApIGGml0cyudneCRHANtv1prayurW9s5rbyhe2d3b3i/kFTy1RR1qBSSNUOiGaCx6wBHARrJ4qRKBCsFQxuJn5ryJTmMr6DUcK8iPRiHnJKwEhu1b/FV6Gf1epjv1iyy/YUeJk4c1KqnH69vQ8L3zW/+NHpSppGLAYqiNauYyfgZUQBp4KN851Us4TQAekx19CYREx72fTkMT4xSheHUpmKAU/V3xMZibQeRYHpjAj09aI3Ef/z3BTCSy/jcZICi+lsUZgKDBJP/sddrhgFMTKEUMXNrZj2iSIUTEp5E4Kz+PIyaZ6XHbvs1E0a12iGHDpCx+gMOegCVVAV1VADUSTRPXpETxZYD9az9TJrXbHmM4foD6zXHwTFlNk=</latexit><latexit sha1_base64="aYREn6Ky1cV3CaVwmxYrVK5QBEE=">AAAB8nicbVC7TsNAEDzzDAmPACXNiQhEFdk0UFBE0IQukchDcizrfDknp5x91t06UmTlM2goQIiWmh/gD+j4EKi5PApIGGml0cyudneCRHANtv1prayurW9s5rbyhe2d3b3i/kFTy1RR1qBSSNUOiGaCx6wBHARrJ4qRKBCsFQxuJn5ryJTmMr6DUcK8iPRiHnJKwEhu1b/FV6Gf1epjv1iyy/YUeJk4c1KqnH69vQ8L3zW/+NHpSppGLAYqiNauYyfgZUQBp4KN851Us4TQAekx19CYREx72fTkMT4xSheHUpmKAU/V3xMZibQeRYHpjAj09aI3Ef/z3BTCSy/jcZICi+lsUZgKDBJP/sddrhgFMTKEUMXNrZj2iSIUTEp5E4Kz+PIyaZ6XHbvs1E0a12iGHDpCx+gMOegCVVAV1VADUSTRPXpETxZYD9az9TJrXbHmM4foD6zXHwTFlNk=</latexit><latexit sha1_base64="aYREn6Ky1cV3CaVwmxYrVK5QBEE=">AAAB8nicbVC7TsNAEDzzDAmPACXNiQhEFdk0UFBE0IQukchDcizrfDknp5x91t06UmTlM2goQIiWmh/gD+j4EKi5PApIGGml0cyudneCRHANtv1prayurW9s5rbyhe2d3b3i/kFTy1RR1qBSSNUOiGaCx6wBHARrJ4qRKBCsFQxuJn5ryJTmMr6DUcK8iPRiHnJKwEhu1b/FV6Gf1epjv1iyy/YUeJk4c1KqnH69vQ8L3zW/+NHpSppGLAYqiNauYyfgZUQBp4KN851Us4TQAekx19CYREx72fTkMT4xSheHUpmKAU/V3xMZibQeRYHpjAj09aI3Ef/z3BTCSy/jcZICi+lsUZgKDBJP/sddrhgFMTKEUMXNrZj2iSIUTEp5E4Kz+PIyaZ6XHbvs1E0a12iGHDpCx+gMOegCVVAV1VADUSTRPXpETxZYD9az9TJrXbHmM4foD6zXHwTFlNk=</latexit><latexit sha1_base64="+x7WZeZABAaxXiqRVrpgW2kvl14=">AAAB8nicbVA9SwNBEN2LXzF+RS1tFoNgFe5stLAI2sQuAfMBl+PY2+wlS/Z2j905IRz5GTYWitj6a+z8N26SKzTxwcDjvRlm5kWp4AZc99spbWxube+Udyt7+weHR9Xjk65RmaasQ5VQuh8RwwSXrAMcBOunmpEkEqwXTe7nfu+JacOVfIRpyoKEjCSPOSVgJb8ZPuDbOMxb7VlYrbl1dwG8TryC1FCBVlj9GgwVzRImgQpijO+5KQQ50cCpYLPKIDMsJXRCRsy3VJKEmSBfnDzDF1YZ4lhpWxLwQv09kZPEmGkS2c6EwNisenPxP8/PIL4Jci7TDJiky0VxJjAoPP8fD7lmFMTUEkI1t7diOiaaULApVWwI3urL66R7Vffcutd2a427Io4yOkPn6BJ56Bo1UBO1UAdRpNAzekVvDjgvzrvzsWwtOcXMKfoD5/MHPv+Qjg==</latexit>
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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:    

✓ 6= 0

✓(t)

c(T ) ⇠ 1

Btot = Bbaryons +Bantibaryons +Bnuggets +Bantinuggets = 0

⌦dark '
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1� c

◆
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|Bantinuggets|
.



The same relation can be written as follows 

Thermodynamics does the job. Abundance of AQNs is 
always effect of order of one as long as efficiency of 
formation is larger than                at the moment of 
formation.  

If the efficiency is too high -> the annihilation between 
visible baryons and AQNs continue until  

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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Tform ⇡ 40 MeV . TCS ⇡ 60 MeV
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Matter in the Universe

One part: 
visible matter

Two parts: 
  matter nuggets 

Three  parts: 
  anti-matter nuggets 

A model which explains both the  matter-antimatter 
asymmetry and the observed ratio of visible matter to DM

Btot = 0 = Bnugget +Bvisible � B̄antinugget

BDM = Bnugget + B̄antinugget ' 5 Bvisible

The ratio                                            at 
the end of formation is determined by the 
sign of axion CP violating parameter 

Bnugget/B̄antinaget ' 2/3
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 5. 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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hvai ⇡ 0.6c
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hvai ⇡ 10�3c



Broadband Detection strategy

Average velocity of the AQN-induced axions is very 
large                 . The corresponding EM signal is 
expected to be very broad with                . 

It should be contrasted with conventional cavity 
type experiments when                       . 

A new broadband detection strategy must be 
implemented. Idea can be formulated as follows: 

1. The DM flux shows the annual and daily and 
annual 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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A(a)(t) ⌘ [1 + (a) cos⌦a(t� t0)],
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2. The idea is to separate entire frequency band into a 
number of smaller frequency bins  

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

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

5. One should check that no modulation appears in 
other bins             (to exclude spurious signals)  

6. There are few others (more sophisticated consistency 
checks) that the signal is not a spurious signal

�⌫i
<latexit sha1_base64="jPOHopPyN/ltkjYAQf2kGPhK8o8=">AAAB9XicbVDLSgNBEJz1GeMr6k0vg0HwFHbjQY8hevCYgHlAEsPspJMMmZ1dZnqVsOQ/vHhQxJv4E36BNy9+i5PHQRMLGoqqbrq7/EgKg6775Swtr6yurac20ptb2zu7mb39qgljzaHCQxnqus8MSKGgggIl1CMNLPAl1PzB5div3YE2IlQ3OIygFbCeEl3BGVrptnkFEhltqrgtKG1nsm7OnYAuEm9GsoXD8rd4K36U2pnPZifkcQAKuWTGNDw3wlbCNAouYZRuxgYixgesBw1LFQvAtJLJ1SN6YpUO7YbalkI6UX9PJCwwZhj4tjNg2Dfz3lj8z2vE2L1oJUJFMYLi00XdWFIM6TgC2hEaOMqhJYxrYW+lvM8042iDStsQvPmXF0k1n/POcvmyTaNIpkiRI3JMTolHzkmBXJMSqRBONHkgT+TZuXcenRfnddq65MxmDsgfOO8/LT6VWA==</latexit>

A(a)(t) ⌘ [1 + (a) cos⌦a(t� t0)], A(d)(t) ⌘ [1 + (d) cos(⌦dt� �0)]
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<latexit sha1_base64="AZbGEOZBFHFoOxfFuAi71OR7Tlk=">AAAB9HicbVDJSgNBEK2JS2Lcol4EL60ieAoz8aDHoBePEcwCmUF6OpWkSU/PpLsnEMb4G148KOLVj/Hm39hZDm4PCh7vVVFVL0wE18Z1P53c0vLKar6wVlzf2NzaLu3sNnScKoZ1FotYtUKqUXCJdcONwFaikEahwGY4uJr6zREqzWN5a8YJBhHtSd7ljBorBdyXOCR+SFXGJ3elY7fszkD+Em9BjqvEP9x/uM/X7koffidmaYTSMEG1bntuYoKMKsOZwEnRTzUmlA1oD9uWShqhDrLZ0RNyYpUO6cbKljRkpn6fyGik9TgKbWdETV//9qbif147Nd2LIOMySQ1KNl/UTQUxMZkmQDpcITNibAllittbCetTRZmxORVtCN7vl/+SRqXsnZUrNzaNS5ijAAdwBKfgwTlU4RpqUAcGQ3iEZ3hxRs6T8+q8zVtzzmJmD37Aef8CaeWUDQ==</latexit>

ī
(d) 6= 0

<latexit sha1_base64="qnhyzuSxo2UYf6KNxNrdAcroLgU=">AAACDHicbVC7SgNBFJ2NrxhfiZY2g0GITdiNhZZBQSwjmAdkY7g7mSRDZmfXmVkhLPsBFvorNhZRsdXezr9x8ig08cDA4ZxzuXOPF3KmtG1/W6ml5ZXVtfR6ZmNza3snm9utqSCShFZJwAPZ8EBRzgStaqY5bYSSgu9xWvcG52O/fkelYoG41sOQtnzoCdZlBLSR2tk8xtgdQBjCTex6IGOWJO3YlT4udI4SV9BbbJuUXbQnwIvEmZF82bl4GL1+5irt7JfbCUjkU6EJB6Wajh3qVgxSM8JpknEjRUMgA+jRpqECfKpa8eSYBB8apYO7gTRPaDxRf0/E4Cs19D2T9EH31bw3Fv/zmpHunrZiJsJIU0Gmi7oRxzrA42Zwh0lKNB8aAkQy81dM+iCBaNNfxpTgzJ+8SGqlonNcLF2ZNs7QFGm0jw5QATnoBJXRJaqgKiLoHj2hEXqxHq1n6816n0ZT1mxmD/2B9fED/ead/w==</latexit>



So, the basic idea is to collect the statistics for a 
specific hour for entire data set.  Fit the data to 
extract        assuming               

Work in progress by C. Adair, M. Hasinoff, AZ: 
Preliminary analysis of the CAST/CAPP data hints 
to the daily modulations (without claiming any 
physical results).   

Error bars are large, statistics is small. However, 
there are two tendencies: 1. deviation from zero to 
positive values (hints to non vanishing  effect). 2. 
hints to daily modulations                   

Precisely this strategy has been used by DAMA/
LIBRA collaboration which has been observing the 
annual modulation for 20 years (in spite of a huge 
background).

<latexit sha1_base64="Juw/HY1m3GNzndPgrK6Xggh0eV4=">AAACBnicbVC7SgNBFJ31GeNro6UIg0GITdgVRMugIJYRzAOycbk7O0mGzD6YmRXCspWNjR9iY6GIYmVnb+ffOHkUmnjgwuGce7n3Hi/mTCrL+jbm5hcWl5ZzK/nVtfWNTbOwVZdRIgitkYhHoumBpJyFtKaY4rQZCwqBx2nD658N/cYNFZJF4ZUaxLQdQDdkHUZAack1dzHGTh/iGK5TxwORsixzU0cEuOQfZK5ZtMrWCHiW2BNSrNjn92/vn4Wqa345fkSSgIaKcJCyZVuxaqcgFCOcZnknkTQG0ocubWkaQkBlOx29keF9rfi4EwldocIj9fdECoGUg8DTnQGonpz2huJ/XitRnZN2ysI4UTQk40WdhGMV4WEm2GeCEsUHmgARTN+KSQ8EEKWTy+sQ7OmXZ0n9sGwfla1LncYpGiOHdtAeKiEbHaMKukBVVEME3aIH9ISejTvj0XgxXsetc8ZkZhv9gfHxA+npm9M=</latexit>

ī
(d)

<latexit sha1_base64="91p/v0U0aibbjrlhEADZss2GQvE="></latexit>

(d) cos(⌦dt� �0)]



they published a story about my paper 4 days ago.     
I better show few slides by myself



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 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

<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



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



↵
<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]

<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



                       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
<latexit sha1_base64="4i4IH1NsWLsenEwwD6xL/C2+eyQ=">AAACFHicbVC7TsMwFHXKq5RXgA0WiwoJCalKygBjVRY2Wok+pCaKHMdprcZOZDuVqqgfwcJfMLMwgICVgY2Fb8F9DKXlSJaOzrkP3+MnEZXKsr6N3Mrq2vpGfrOwtb2zu2fuHzRlnApMGjiOYtH2kSQR5aShqIpIOxEEMT8iLb9/PfZbAyIkjfmdGibEZajLaUgxUlryzHMInVtGusjLHMFggER/5EjK5sUBlVTPG3lm0SpZE8BlYs9IsXJU/6GP1feaZ345QYxTRrjCEZKyY1uJcjMkFMV6XsFJJUkQ7qMu6WjKESPSzSZHjeCpVgIYxkI/ruBEne/IEJNyyHxdyZDqyUVvLP7ndVIVXrkZ5UmqCMfTRWEaQRXDcUIwoIJgFQ01QVhQ/VeIe0ggrHSOBR2CvXjyMmmWS/ZFqVzXaVTBFHlwDE7AGbDBJaiAG1ADDYDBPXgCL+DVeDCejTfjY1qaM2Y9h+APjM9fxZ+iYQ==</latexit>



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.  

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, diffuse x-rays, 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
<latexit sha1_base64="4i4IH1NsWLsenEwwD6xL/C2+eyQ=">AAACFHicbVC7TsMwFHXKq5RXgA0WiwoJCalKygBjVRY2Wok+pCaKHMdprcZOZDuVqqgfwcJfMLMwgICVgY2Fb8F9DKXlSJaOzrkP3+MnEZXKsr6N3Mrq2vpGfrOwtb2zu2fuHzRlnApMGjiOYtH2kSQR5aShqIpIOxEEMT8iLb9/PfZbAyIkjfmdGibEZajLaUgxUlryzHMInVtGusjLHMFggER/5EjK5sUBlVTPG3lm0SpZE8 BlYs9IsXJU/6GP1feaZ345QYxTRrjCEZKyY1uJcjMkFMV6XsFJJUkQ7qMu6WjKESPSzSZHjeCpVgIYxkI/ruBEne/IEJNyyHxdyZDqyUVvLP7ndVIVXrkZ5UmqCMfTRWEaQRXDcUIwoIJgFQ01QVhQ/VeIe0ggrHSOBR2CvXjyMmmWS/ZFqVzXaVTBFHlwDE7AGbDBJaiAG1ADDYDBPXgCL+DVeDCejTfjY1qaM2Y9h+APjM9fxZ+iYQ==</latexit>

DL annual 
modulation 

XMM-Newton 
seasonal variations  

  sky-quakes

TA mysterious 
bursts


