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Telescope Array bursts and ANITA anomalous 
events as manifestations of the Dark Matter



This talk is mostly based on two recent papers on some 
mysterious events recorded by Telescope Array and ANITA  



1. The DM and Baryogenesis as two sides 
of the 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 

Today I specifically focus on two consequences  of 
this construction:                                                                                        
1. recently observed Mysterious Telescope Array 
bursts.                                                                            
2. recently observed ANITA anomalous events    



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

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

E. Witten

New element to rescue the nugget’s 
idea: the axion. We call the objects 
the axion quark nugget (AQN).
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1. there is  extra N=1 axion domain wall pressure 
(acting on the closed axion DW bubbles). It  makes 
the nuggets stable (first order phase transition is 
not required, as in the Witten’s case). They are 
absolutely stable and can serve as DM particles.    

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

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

Cosmological  CP-odd  axion field generates the 
disparity  between  two species at                which 
implies the similarity between dark and visible 
sectors:                                         
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Antiquark nugget structure.    Source of emission  
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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:                        .  Axion strings  are 
irrelevant in formation of the closed bubbles of 
the axion domain walls which eventually make AQNs       

✓
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3. Telescope Array mysterious bursts

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

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

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

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

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

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

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



typical burst event

typical  CR event

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

typical CR event

The “edge puzzle”

adopted from TA [Abbasi-2017]
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a journalist published a story about my paper .                     
I better show few slides by myself



4.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
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<latexit sha1_base64="ZuLX8nWqnJ3xCxw7GdnErKcphYk=">AAAB+3icbVC7TsMwFHXKq5RXKGwsFhUSU5V0ADYqGGAsUl9SE1WO67RWbSeyHUSJyqewMIAQYuNH2Bj7C3wB7mOAliNd6eice3XvPUHMqNKO82VllpZXVtey67mNza3tHXs3X1dRIjGp4YhFshkgRRgVpKapZqQZS4J4wEgj6F+O/cYtkYpGoqoHMfE56goaUoy0kdp2vuopyqHrwAfoSQ77pN62C07RmQAuEndGCuffo6v3/ftRpW1/ep0IJ5wIjRlSquU6sfZTJDXFjAxzXqJIjHAfdUnLUIE4UX46uX0Ij4zSgWEkTQkNJ+rviRRxpQY8MJ0c6Z6a98bif14r0eGZn1IRJ5oIPF0UJgzqCI6DgB0qCdZsYAjCkppbIe4hibA2ceVMCO78y4ukXiq6J8XSjVMoX4ApsuAAHIJj4IJTUAbXoAJqAIM78AiewYs1tJ6sV+tt2pqxZjN74A+sjx/8QJeR</latexit>

T ⇠ 10 keV



Typical electric field which must exist in 
thunderstorms for runaway breakdown (RB): 

The number of weakly bound positrons 
surrounding the AQN at temperature T is 

Some of these positrons will be localized far away 
(measured in cm) from the nugget’s core

Ec = (2.16� 2.84)
kV

cm
exp

⇣
� z

h

⌘
, h ' 8 km.

la ' (50� 100) m, ⌧a ' la
c
⇠ (fraction of) µs.

<latexit sha1_base64="vP+U2nNWuFHSKDdClymkBS7rzKY="></latexit>

Q ' 4⇡R2

Z 1

0
n(z, T )dz ⇠ 4⇡R2

p
2⇡↵

(meT )

✓
T

me

◆1/4

,
<latexit sha1_base64="bNuc6UIbVG/oSpcqnp9q8WZYcmU="></latexit>

Rcap(T ) '
↵Q

T
⇠ 2 cm

✓
T

10 keV

◆1/4

.
<latexit sha1_base64="1aMf+sg4lP+Ja4Ynu1BN7hk5a4Y="></latexit>



Precisely these weakly bound positrons may be 
liberated as a result of electric field 

These liberated positrons will accelerate:  

These energetic positrons may reach Telescope 
Array Surface Detector (TASD) which is 
approximately the number of the observed particles 
in a given  burst:              

�E ' [eE ·Rcap] ⇠ 2 keV & Ebound at t = 0.
<latexit sha1_base64="DzHXsuc4sVTWfR1dWEaWvO/tBto=">AAACRHicbVBNaxRBFOxJ1MSNH6sevTQGxdMysznoJRDUBY8xuJvAzLC86Xm7abY/xu43gWXY/CzvQfAHePMXePGgSHIUe3Zz0MSChnpV9ejuKiolPcXx12ht/cbNWxubtztbd+7eu9998HDkbe0EDoVV1h0V4FFJg0OSpPCocgi6UHhYzF63/uEJOi+teU/zCnMNUyMnUgAFadxNszeoCPiAZ15q/MBTHGSitMQPxk3mNBdQLf LW433ezqczHGVTcq0yWEUKW5tywU/5cgJqKe3GvXF3O+7FS/DrJLkk23vPzj9+Otm62B93v2SlFbVGQ0KB92kSV5Q34EgKhYtOVnusQMxgimmgBjT6vFmWsOBPg1LyiXXhGOJL9e+NBrT3c12EpAY69le9Vvyfl9Y0eZk30lQ1oRGriya14mR52ygvpUNBah4ICCfDW7k4BgeCQu+dUEJy9cvXyajfS3Z6/XehjVdshU32mD1hz1nCXrA99pbtsyET7Ix9Yz/Yz+hz9D36FZ2vomvR5c4j9g+i338A1Yu0lA==</latexit>

Eexit ' [eE · la] ⇠ 10 MeV
<latexit sha1_base64="tg9//esePvQHxGrnQs3X4JaJwb4="></latexit>

Nmax
positrons '

(⌘ ·Q)

4⇡r2
[507 · 3m2] · he� r

� i ⇡ 103,
<latexit sha1_base64="4L9B2CgD7GKdaDy6MVZKp7voHcM="></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



Possible Tests of this AQN based proposal: 

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

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

This signal should be in the bandwidth                              
with amplitude                         of the corresponding 
electric field and its duration                  at distance                                    
:                 .  These parameters are very different 
from conventional radio pulses due to lightnings.   

<latexit sha1_base64="I4Hfg8xJO6SXYplRCei2sg3UUWE=">AAACCHicbVC7SgNBFJ2NrxhfUTstHAyCVdhNoTZCiBaWCZgHJEuYnUySITO7y8xdISyxs/FXRLBQxFb8Ajsbv8XZJIUmHrhw5px7mXuPFwquwba/rNTC4tLySno1s7a+sbmV3d6p6SBSlFVpIALV8IhmgvusChwEa4SKEekJVvcGF4lfv2FK88C/hmHIXEl6Pu9ySsBI7ewBbl0yAQRDO24pib1IaRidOzh53ErdzubsvD0GnifOlOSKe5Vv/lj6KLezn61OQCPJfKCCaN107BDcmCjgVLBRphVpFhI6ID3WNNQnkmk3Hh8ywkdG6eBuoEz5gMfq74mYSK2H0jOdkkBfz3qJ+J/XjKB75sbcDyNgPp181I0EhgAnqeAOV4yCGBpCqOJmV0z7RBEKJruMCcGZPXme1Ap55yRfqJg0SmiCNNpHh+gYOegUFdEVKqMqougOPaBn9GLdW0/Wq/U2aU1Z05ld9AfW+w9sZ5ys</latexit>

�tburst = 1 ms

<latexit sha1_base64="0VxPt7TsLBRFNAzuRn0dYWbHEWw=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAVKmJICj6WRTfdCBXsA5pQJtNJO3QyCTMTIZa68Rf8BDcuFHHrX7jr3zh9LLT1wIXDOfdy7z1+zKhUtj00MguLS8sr2dXc2vrG5pa5vVOTUSIwqeKIRaLhI0kY5aSqqGKkEQuCQp+Rut+7Hvn1eyIkjfidSmPihajDaUAxUlpqmXsuT1zKYcG2zk6Ltn0MXRHCm/JDy8zblj0GnCfOlORLh+7J87CUVlrmt9uOcBISrjBDUjYdO1ZeHwlFMSODnJtIEiPcQx3S1JSjkEivP/5gAI+00oZBJHRxBcfq74k+CqVMQ193hkh15aw3Ev/zmokKLr0+5XGiCMeTRUHCoIrgKA7YpoJgxVJNEBZU3wpxFwmElQ4tp0NwZl+eJ7Wi5ZxbxVudxhWYIAv2wQEoAAdcgBIogwqoAgwewQt4A+/Gk/FqfBifk9aMMZ3ZBX9gfP0ApZGXbg==</latexit>

⌫ 2 (0.5� 200)MHz
<latexit sha1_base64="cxqVzaH+cuqMexUV3QQAiJlOo8g=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2AVKkKd6UJdFkVwWcE+oDOUTJq2oUlmSDLCMK3gP/gFblwo4tbfcNe/MX0stHrgwuGce7n3niBiVGnHGVmZhcWl5ZXsam5tfWNzy97eqakwlphUcchC2QiQIowKUtVUM9KIJEE8YKQe9K/Gfv2eSEVDcaeTiPgcdQXtUIy0kVr23uB64CnKYcl5gJ7ksMBrp/y4ZeedojMB/EvcGcmXD72Tp1E5qbTsL68d4pgToTFDSjVdJ9J+iqSmmJFhzosViRDuoy5pGioQJ8pPJ/cP4ZFR2rATSlNCw4n6cyJFXKmEB6aTI91T895Y/M9rxrpz4adURLEmAk8XdWIGdQjHYcA2lQRrlhiCsKTmVoh7SCKsTWQ5E4I7//JfUisV3bNi6dakcQmmyIJ9cAAKwAXnoAxuQAVUAQYD8AxewZv1aL1Y79bHtDVjzWZ2wS9Yn9/RRJeo</latexit>

|E| ⇠ 20 (mV/m)

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

R ⇠ 10 km

<latexit sha1_base64="XNbwwf60KuvqgXDVqyJ0vzHDIko=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBG6CkkFdVl047KCfUATymQ6aYfOTMI8xBL6Df6BGxeKuPUH/AR3foh7p4+Fth64cDjnXu69J84YVdr3v5yV1bX1jc3CVnF7Z3dv3z0oNVVqJCYNnLJUtmOkCKOCNDTVjLQzSRCPGWnFw6uJ37ojUtFU3OpRRiKO+oImFCNtpa5bCjUyoaIc+t4pDLmBquuWfc+fAi6TYE7KNRhWvj8ewnrX/Qx7KTacCI0ZUqoT+JmOciQ1xYyMi6FRJEN4iPqkY6lAnKgon94+hidW6cEklbaEhlP190SOuFIjHttOjvRALXoT8T+vY3RyEeVUZEYTgWeLEsOgTuEkCNijkmDNRpYgLKm9FeIBkghrG1fRhhAsvrxMmlUvOPOqNzaNSzBDARyBY1ABATgHNXAN6qABMLgHj+AZvDhj58l5dd5mrSvOfOYQ/IHz/gMK85bV</latexit>

⌧ ⇠ 0.3µs

<latexit sha1_base64="uNyeEWk7/znqkA+CPypErEcF5Ek=">AAAB/3icbVC7SgNBFJ2Nrxhfq4KFNoNBsAq7KdQyRAvLBMwDsssyO5lNhsw+mLkrhDWFv2Jj4QNbe7/AzsZvcfIoNPHAhcM593LvPX4iuALL+jJyS8srq2v59cLG5tb2jrm711RxKilr0FjEsu0TxQSPWAM4CNZOJCOhL1jLH1yO/dYtk4rH0Q0ME+aGpBfxgFMCWvLMA+xcMQEEg5c5MsR+KhWMsGcWrZI1AV4k9owUK4f1b/5S/ah55qfTjWkasgioIEp1bCsBNyMSOBVsVHBSxRJCB6THOppGJGTKzSb3j/CJVro4iKWuCPBE/T2RkVCpYejrzpBAX817Y/E/r5NCcOFmPEpSYBGdLgpSgSHG4zBwl0tGQQw1IVRyfSumfSIJBR1ZQYdgz7+8SJrlkn1WKtd1GlU0RR4doWN0imx0jiroGtVQA1F0hx7QE3o27o1H49V4m7bmjNnMPvoD4/0HAuyZKw==</latexit>

�tburst



5. ANITA anomalous Events

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

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

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

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

The SM neutrino is excluded at        CL.   

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

& 5 · 103km

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

(�270,�350)

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

E ⇠ 1018eV

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

5�



adopted from ANITA
[Gorham-2016]

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

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

(�270,�350)

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

⇠ (�50)



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

�350

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

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

�36.70

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

�5.50, � 3.60

adopted from ANITA
[Gorham-2016]

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



a journalist’s description of the problem. 
 

next slide is my understanding of the problem



6. ANITA anomalous events as AQN events 

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

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

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

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

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

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

T ⇠ 200 keV

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

e+e�

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

hEi ⇠ 10 MeV

<latexit sha1_base64="EOySbUWjBaRB3nYopTMI7BIkIxU=">AAAB7XicbZC7SgNBFIZnvcZ4i5fOZjAIghh2U6idQQstI5gLJJswOzmbjJndWWZmhbjkHWwsFLG182HsLPMKPoGTS6GJPwx8/P85zDnHizhT2ra/rLn5hcWl5dRKenVtfWMzs7VdViKWFEpUcCGrHlHAWQglzTSHaiSBBB6Hite9HOaVe5CKifBW9yJwA9IOmc8o0cYqQ+MIGsfNTNbO2SPhWXAmkD3/Hlx97D4Mis3MZ70laBxAqCknStUcO9JuQqRmlEM/XY8VRIR2SRtqBkMSgHKT0bR9fGCcFvaFNC/UeOT+7khIoFQv8ExlQHRHTWdD87+sFmv/zE1YGMUaQjr+yI851gIPV8ctJoFq3jNAqGRmVkw7RBKqzYHS5gjO9MqzUM7nnJNc/sbOFi7QWCm0h/bRIXLQKSqga1REJUTRHXpEz+jFEtaT9Wq9jUvnrEnPDvoj6/0HxMSTDQ==</latexit>
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Precisely this bunch of electrons emitted at the 
same instant from the same location with very high 
energy                     produce a coherent radio pulse 
in the background of geomagnetic B-field   

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

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

The electric field of the radio pulse at distance     
is computed in conventional way:           

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

hEi ⇠ 10 MeV

<latexit sha1_base64="O0ZuKYBwYnxlgoFi5b8fpAPmHYI=">AAAB8XicbZC7SgNBFIbPxluMt3jpbAaDYBV2U3ipDFpoJRHMBZM1zE5mkyGzs8vMrBCXvIWNhSK2gg9jZ5lX8AmcXApN/GHg4//PYc45XsSZ0rb9ZaXm5hcWl9LLmZXVtfWN7OZWRYWxJLRMQh7KmocV5UzQsmaa01okKQ48Tqte93yYV++pVCwUN7oXUTfAbcF8RrA21u1VQ7EAOfbdSTObs/P2SGgWnAnkTr8HFx87D4NSM/vZaIUkDqjQhGOl6o4daTfBUjPCaT/TiBWNMOniNq0bFDigyk1GE/fRvnFayA+leUKjkfu7I8GBUr3AM5UB1h01nQ3N/7J6rP1jN2EiijUVZPyRH3OkQzRcH7WYpETzngFMJDOzItLBEhNtjpQxR3CmV56FSiHvHOYL13aueAZjpWEX9uAAHDiCIlxCCcpAQMAjPMOLpawn69V6G5emrEnPNvyR9f4DKvqUYg==</latexit>

N ⇠ 109
<latexit sha1_base64="0MG6NO7cLEC64eik/Rxj18N5FqQ=">AAAB+nicbVC7TsMwFHXKq5RXCiOLRUEqQlRJByhbBQsTKhJ9SE2oHNdprdpJZDugKPQvWFkYQIiVL2Hr3+A+Bmg50r06Oude+fp4EaNSWdbIyCwtr6yuZddzG5tb2ztmfrchw1hgUschC0XLQ5IwGpC6ooqRViQI4h4jTW9wNfabD0RIGgZ3KomIy1EvoD7FSGmpY+ZvHEk5LNrWfeVUt4vjjlmwStYEcJHYM1KoHjonz6NqUuuY3043xDEngcIMSdm2rUi5KRKKYkaGOSeWJEJ4gHqkrWmAOJFuOjl9CI+00oV+KHQFCk7U3xsp4lIm3NOTHKm+nPfG4n9eO1Z+xU1pEMWKBHj6kB8zqEI4zgF2qSBYsUQThAXVt0LcRwJhpdPK6RDs+S8vkka5ZJ+Vyrc6jUswRRbsgwNQBDY4B1VwDWqgDjB4BC/gDbwbT8ar8WF8TkczxmxnD/yB8fUDEe+U6Q==</latexit>

N ⇠ (108 � 109)
<latexit sha1_base64="/cd0LUedU1cpjJ1JZIchXnx8ewA=">AAACEXicbVDLTgIxFO3gC/GFunTTiCYYI5lhISyJxMQlGnkkzEg6pUBDOzNpOyZkMn6CG/0UNy40xq07d/yNZWCh4Elu7sk596a9xw0Ylco0x0ZqaXlldS29ntnY3Nreye7uNaQfCkzq2Ge+aLlIEkY9UldUMdIKBEHcZaTpDqsTv3lPhKS+d6tGAXE46nu0RzFSWupk85edyBYcVm9iW1IO85Z5F1ml+Czp5fjkAU5s0uhkc2bBTAAXiTUjucqRffo8roxqney33fVxyImnMENSti0zUE6EhKKYkThjh5IECA9Rn7Q19RAn0omSi2J4rJUu7PlCl6dgov7eiBCXcsRdPcmRGsh5byL+57VD1Ss7EfWCUBEPTx/qhQwqH07igV0qCFZspAnCguq/QjxAAmGlQ8zoEKz5kxdJo1iwzgvFa53GBZgiDQ7AIcgDC5RABVyBGqgDDB7BC3gD78aT8Wp8GJ/T0ZQx29kHf2B8/QDFeZ4R</latexit>

ECR ⇠ (1017 � 1018) eV

<latexit sha1_base64="QJ0ErlMkS5sdVpY1qysoZQ3ZHRc="></latexit>
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<latexit sha1_base64="ZVRUuZvXAJ2s5cMt7xHrxF0m+ZA=">AAAB73icbZC7TsMwFIZPyq2UW7hsLBYVElOVdAA2KhhgLIhepDaqHNdprTpOsB2kEvUlWBhAiJWFh2Fj7CvwBLiXAVp+ydKn/z9HPuf4MWdKO86XlVlYXFpeya7m1tY3Nrfs7Z2qihJJaIVEPJJ1HyvKmaAVzTSn9VhSHPqc1vzexSiv3VOpWCRudT+mXog7ggWMYG2setokmKObQcvOOwVnLDQP7hTyZ9/Dy4+9h2G5ZX822xFJQio04ViphuvE2kux1IxwOsg1E0VjTHq4QxsGBQ6p8tLxvAN0aJw2CiJpntBo7P7uSHGoVD/0TWWIdVfNZiPzv6yR6ODUS5mIE00FmXwUJBzpCI2WR20mKdG8bwATycysiHSxxESbE+XMEdzZleehWiy4x4XitZMvncNEWdiHAzgCF06gBFdQhgoQ4PAIz/Bi3VlP1qv1NinNWNOeXfgj6/0HvNSUOQ==</latexit>
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Typical features of the synchrotron spectrum: it is 
approximately flat with critical (cutoff) frequency 

Typical duration of the signal is                   : 

Typical intensity of the pulse is 

 Typical power density is 

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

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

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

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



                       Conclusion                
"Non- baryonic Dark matter" could be ordinary  
baryonic matter (we know and love) which is in 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, the ANITA anomalous events, etc  

ma
✓initial

⌦dark ⇠ ⌦visible
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AQN

Dark Matter
“Baryogenesis”         

(charge separation)

Solar corona 
  Mystery 

Primordial 
Lithium Puzzle

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

⌦dark ⇠ ⌦visible
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ANITA anomalous events



From Dima Budker’s talk “More elephants in the room”   



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

same elephant


