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This talk is based on two very recent 
(May 2018) preprints:

1. N.Raza, L.van Waerbeke and AZ,1805.01897
“Solar Corona Heating by the Axion Quark Nugget 
Dark Matter,”(collaboration with astronomers)

2.H.Fischer, X.Liang, Y.Semertzidis, AZ and 
K.Zioutas, 1805.05184
 ”New mechanism producing axions and how CAST 
can discover them,”(collaboration with particle 
physics experimentalists)

There is one term in common, the “axion” which  
is key element in both preprints and the 
subject of this talk. 



Axion and its relation to  three very 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)  

I want to offer a new unified (unorthodox) 
framework where all these, naively unrelated, 
phenomena could be intimately connected and 
originated from one and the same physics. Axion 
will play the key role in linking these phenomena.   
 



a) b)

c) d)

Left: the temperature distribution in outer Sun: the 
drastic changes occur in vicinity of 2000km. The 
transition region is about 100 km wide.
Right: the unexpected deviation from the thermal 
distribution  in EUV and soft x rays from corona 



 Solar extreme UV (EUV) radiation  

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

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

“everything above the photosphere (about         of 
the total solar luminosity) is not supposed  to be 
there at all” (Solar Corona Mystery, 1939) 
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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”                 “separation of 
charges” of conventional fields (quarks) at

1.First 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
�
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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 

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

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

 2.Axion field stabilizes the quark nuggets  

✓ 6= 0

QGP

CS

Hadron

(PhaseUnknown)

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

addition to conventional 
misalignment mechanism    

and DW decay 

T = 41 MeV
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1. there is  extra 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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If CP violating axion field          were zero at the moment of 
formation than an equal number of nuggets and anti-
nuggets would form —> no visible matter 

The axion field  with                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 can be expressed in 
terms of this parameter     

It is very generic  and model-independent result of the 
entire proposal which holds for any axion mass          and 
any misalignment angle      . It is the direct consequence of 
the thermodynamics (no any fittings involved!)   
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as observed



3. The main lessons of the framework
The relation                             is a very natural and 
universal outcome of this framework.  This claim 
holds in entire visible Universe as inflation occurs 
after PQ:               . The claim is not sensitive to 
specific details of the system (thermodynamics does 
the job)  

The “baryogenesis” in this framework is replaced 
by “charge separation” effect when the anti-
quarks are hidden in form of the DM nuggets.  

Two (out of three) Sakharov’s criteria are present 
in our framework:  1. the         symmetry is broken 
due to the dynamics of the axion field         during 
the QCD time; 2. the disparity between DM nuggets 
and DM antinuggets is not washed out due to non-
equilibrium dynamics of the axion field         .   

⌦dark ' ⌦visible
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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

⌦dark ' ⌦visible
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a) b)

c) d)

4.    Application to the “ solar corona mystery” 
(project started at PATRAS-2017 motivated by 

discussions with Konstantin Z.)  

L� (EUV from Corona) ⇠ 1030 · GeV

s
⇠ 1027 · erg

s
.



This proposal:  we advocate a scenario when  the 
energy deposition is originated from outside the 
system (not from deep dense regions of the Sun) 

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

The impact parameter for capture of the nuggets by 
the Sun 

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

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

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

bcap ' R�
p

1 + ��, �� ⌘ 2GM�
R�v2

,



These order of magnitude estimates have 
been confirmed by recent Monte Carlo 
(MC) simulations, see arxiv:1805.01897 

It was generated        sample particles 
distributed over 10 AU in distance  

Only                particles are captured by 
the Sun. This rate is determined by 
Newton Gravity  and  DM density 

The typical time for impact ~ 1 month

fv(vx, vy, vz) ⇠ exp

"
�
(vx � v�)2 + v2y + v2z

2�2
vi

#
, V� ' 220 km/s
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The total luminosity due to the annihilation events of  the 
AQNs with the solar material is precisely                        . 
This intensity is determined by the DM density           , and 
it is not sensitive to any other parameters of the model.
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The AQNs start to annihilate at the altitude ~2000km, 
where the drastic changes are known to occur in vicinity 
of the Transition Region  



5. Implication for the axion search 
experiments. 

This model has a single fundamental parameter, a 
mean baryon number of a nugget  

It is consistent with all known astrophysical, 
cosmological, satellite and ground based 
constraints  

This parameter                   corresponds to  the axion 
mass                       . These two parameters are 
directly related because                  determines the 
size of the nuggets  

Our comment here is that                       contributes  
very little to                        but may contribute a 
lot through the nugget’s formation (this proposal)      

hBi ⇠ 1025

hBi ⇠ 1025

ma ⇠ 10�4 eV
� ⇠ m�1

a
Rform

ma ⇠ 10�4 eV
⌦(DM axion)



These hidden (in form of AQNs ) axions are not 
available unless the nuggets completely 
disintegrated, for example in the Sun  

The axion DW contributes to the total mass of the 
nugget approximately 1/3 of AQN mass. Therefore, 
total axion intensity (from Sun) is estimated as  

The corresponding axion flux (from solar axions) 
measured on Earth is 

It should be compared with conventional Primakoff
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s
<latexit sha1_base64="oXuZSZobC+DOj3w3pjQ30bn5al4="></latexit><latexit sha1_base64="pm9gEomQ8E3txl1t5OlqYFuqwb8="></latexit><latexit sha1_base64="pm9gEomQ8E3txl1t5OlqYFuqwb8="></latexit><latexit sha1_base64="pm9gEomQ8E3txl1t5OlqYFuqwb8="></latexit><latexit sha1_base64="KtFnQt1Lrdo8SyyqBsDf2pPZZ7s="></latexit>

�axions ⇠
L� (axion)

4⇡hEaiD2
�

⇠ 0.3 ·1017 1

cm2 s

✓
10�5eV

ma

◆
, D� ' 1.5 ·1013 cm,

<latexit sha1_base64="MV+m8md2nWsOIvEI5fcHBpTU0jI="></latexit><latexit sha1_base64="/cEvSVhFjOU+duEmScZGxaM3M3w="></latexit><latexit sha1_base64="/cEvSVhFjOU+duEmScZGxaM3M3w="></latexit><latexit sha1_base64="/cEvSVhFjOU+duEmScZGxaM3M3w="></latexit><latexit sha1_base64="Jv8VcUTBRCq3sGHe8c7jh2k25vk="></latexit>

�a(Primako↵) ' 3.75·1011 g210
cm2 s

, g10 ⌘ ga�/10
�10GeV�1, hEi = 4.2 keV.

<latexit sha1_base64="P+unvHsqwKCnBSXSm37KGH1uUI8=">AAACiHicbVFdb9MwFHUyBqN8lfHIyxUT0hCQxWVT2QPSNITgsUi0m1S3keM6qVU7yWxnUhUlf4W/hHjjib+C0/QBNq5k6fice/xxblxIYWwY/vL8nTu7d+/t3e89ePjo8ZP+0/2JyUvN+JjlMteXMTVcioyPrbCSXxaaUxVLfhGvPrb6xTXXRuTZN7su+EzRNBOJYNQ6Kup/ByCjpYgoHBKtYKSFoqs8SV4RIxS/AngXDE+AsEVuAYfzCuOaJJqyKo0qHNbzQV21PqbmA2hM/QaapoFOI/yqFNfthpKUKkXro/aEt06Cz3zSom0/kTRLJYdPRHf gw3EwaGDFJ0HUPwiDcFNwG+AtODg7/f0DEEKjqP+TLHJWKp5ZJqkxUxwWdlZRbQWTvO6R0vCCshVN+dTBjCpuZtUmyBpeOmYBSa7dyixs2L8dFVXGrFXsOhW1S3NTa8n/adPSJu9nlciK0vKMdRclpQSbQzsVWAjNmZVrByjTwr0V2JK6nK2bXc+FgG9++TaYDAIcBvirS+McdbWHnqMX6BBhNERn6AsaoTFi3q732jv2TvyeH/pD/7Rr9b2t5xn6p/zzPzqmwaU=</latexit><latexit sha1_base64="v9JBaCTksF6DahoT+kr4lPlbX6A=">AAACiHicbVFdb9MwFHUCg1G+ynhAiJcrJqQhWIi7TWUPSNMQgsci0W5S3VaO66RW7SSznUlVlPwV/hLiDV545WfgNH2AjStZOj7nHn+cG+VSGBuGPzz/xs2tW7e373Tu3rv/4GH30c7IZIVmfMgymenziBouRcqHVljJz3PNqYokP4uW7xv97JJrI7L0i13lfKJokopYMGodNet+BSCDhZhR2CNawUALRZdZHL8kRih+AXAQ9I+AsHlmAYfTEuOKxJqyMpmVOKymvapsfExNe1Cb6jXUdQ2tRvhFIS6bDSUJVYpWb5oT9p0EH/moQZt+ImmaSA4 fiG7Bu8OgV8OSj4JZdzcMwnXBdYA3YPfk+Ne3Jz9/Px3Mut/JPGOF4qllkhozxmFuJyXVVjDJqw4pDM8pW9KEjx1MqeJmUq6DrOCFY+YQZ9qt1MKa/dtRUmXMSkWuU1G7MFe1hvyfNi5s/HZSijQvLE9Ze1FcSLAZNFOBudCcWblygDIt3FuBLajL2brZdVwI+OqXr4NRL8BhgD+7NE5RW9voGXqO9hBGfXSCPqEBGiLmbXmvvEPvyO/4od/3j9tW39t4HqN/yj/9A6n/w3c=</latexit><latexit sha1_base64="v9JBaCTksF6DahoT+kr4lPlbX6A=">AAACiHicbVFdb9MwFHUCg1G+ynhAiJcrJqQhWIi7TWUPSNMQgsci0W5S3VaO66RW7SSznUlVlPwV/hLiDV545WfgNH2AjStZOj7nHn+cG+VSGBuGPzz/xs2tW7e373Tu3rv/4GH30c7IZIVmfMgymenziBouRcqHVljJz3PNqYokP4uW7xv97JJrI7L0i13lfKJokopYMGodNet+BSCDhZhR2CNawUALRZdZHL8kRih+AXAQ9I+AsHlmAYfTEuOKxJqyMpmVOKymvapsfExNe1Cb6jXUdQ2tRvhFIS6bDSUJVYpWb5oT9p0EH/moQZt+ImmaSA4 fiG7Bu8OgV8OSj4JZdzcMwnXBdYA3YPfk+Ne3Jz9/Px3Mut/JPGOF4qllkhozxmFuJyXVVjDJqw4pDM8pW9KEjx1MqeJmUq6DrOCFY+YQZ9qt1MKa/dtRUmXMSkWuU1G7MFe1hvyfNi5s/HZSijQvLE9Ze1FcSLAZNFOBudCcWblygDIt3FuBLajL2brZdVwI+OqXr4NRL8BhgD+7NE5RW9voGXqO9hBGfXSCPqEBGiLmbXmvvEPvyO/4od/3j9tW39t4HqN/yj/9A6n/w3c=</latexit><latexit sha1_base64="v9JBaCTksF6DahoT+kr4lPlbX6A=">AAACiHicbVFdb9MwFHUCg1G+ynhAiJcrJqQhWIi7TWUPSNMQgsci0W5S3VaO66RW7SSznUlVlPwV/hLiDV545WfgNH2AjStZOj7nHn+cG+VSGBuGPzz/xs2tW7e373Tu3rv/4GH30c7IZIVmfMgymenziBouRcqHVljJz3PNqYokP4uW7xv97JJrI7L0i13lfKJokopYMGodNet+BSCDhZhR2CNawUALRZdZHL8kRih+AXAQ9I+AsHlmAYfTEuOKxJqyMpmVOKymvapsfExNe1Cb6jXUdQ2tRvhFIS6bDSUJVYpWb5oT9p0EH/moQZt+ImmaSA4 fiG7Bu8OgV8OSj4JZdzcMwnXBdYA3YPfk+Ne3Jz9/Px3Mut/JPGOF4qllkhozxmFuJyXVVjDJqw4pDM8pW9KEjx1MqeJmUq6DrOCFY+YQZ9qt1MKa/dtRUmXMSkWuU1G7MFe1hvyfNi5s/HZSijQvLE9Ze1FcSLAZNFOBudCcWblygDIt3FuBLajL2brZdVwI+OqXr4NRL8BhgD+7NE5RW9voGXqO9hBGfXSCPqEBGiLmbXmvvEPvyO/4od/3j9tW39t4HqN/yj/9A6n/w3c=</latexit><latexit sha1_base64="QRSyfUMOcSWzwOsUM3yi9/ZvB0k=">AAACiHicbVFdb9MwFHUCg1G+CjzyckWFNAQEu2wqPCBNQwgei0S7SXUbua6TWrWTzHYmVVHyV/hPvPFvcNo8wMaVLB2fc48/zl0WSlqH8e8gvHX74M7dw3u9+w8ePnrcf/J0avPScDHhucrNxZJZoWQmJk46JS4KI5heKnG+3Hxu9fMrYazMsx9uW4i5ZmkmE8mZ81Tc/wlAx2sZMziiRsPYSM02eZK8olZqcQnwPhqdAOWr3AHBi4qQmiaG8SqNK4LrxbCuWh/XiyE0tn4DTdPAXqPispRX7YbRlGnN6nftCW+9BF/FtEVdP1UsS5WAL9Tswaf jaNjARkyjuD/AEd4V3ASkAwPU1Tju/6KrnJdaZI4rZu2M4MLNK2ac5ErUPVpaUTC+YamYeZgxLey82gVZw0vPrCDJjV+Zgx37t6Ni2tqtXvpOzdzaXtda8n/arHTJh3kls6J0IuP7i5JSgcuhnQqspBHcqa0HjBvp3wp8zXzOzs+u50Mg1798E0yHEcER+Y4Hp2ddHIfoOXqBjhBBI3SKvqExmiAeHASvg+PgJOyFOByFH/etYdB5nqF/Kjz7AyWAv10=</latexit>



The difference with conventional case is that the 
axions emitted from AQNs have typical relativistic 
velocities with                    , not   

Therefore, the energy fluxes are different 

The emission of the axions from AQNs from deep 
Earth’s underground is 

it should be compared with galactic axion flux

hEi = 1.1 ma
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ma�axions ⇠ 0.3 · 1012 eV

cm2 s
, hEi�a(Primako↵) ⇠ g210 · 1015

eV

cm2 s
.
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ma�(galactic axions) ⇠ ⇢DM · vDM ' 0.3 GeV

cm3
vDM ' 1016

eV

cm2 s
.
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ma�(Earth axions) ⇠ 1016 ·
✓
�B

B

◆
eV

cm2 s
where

�B

B
⇠ (0.1� 1)
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E ⇠ 4 keV
<latexit sha1_base64="UI7JLvgnzUukvw6wNUwQIjmj6xs=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUlE0J1FEV1WsA9oQ5lMJ+3QmSTMTMQS4qeI4EIRt/6IO5f+gl/g9LHQ1gMXDufcy733+DFnSjvOp5VbWFxaXsmvFtbWNza37O1iXUWJJLRGIh7Jpo8V5SykNc00p81YUix8Thv+4HzkN26pVCwKb/Qwpp7AvZAFjGBtpI5dvGgrJtARuk/bUqABrWcdu+SUnTHQPHGnpHT6/XX5CADVjv3R7kYkETTUhGOlWq4Tay/FUjPCaVZoJ4rGmAxwj7YMDbGgykvHt2do3yhdFETSVKjRWP09kWKh1FD4plNg3Vez3kj8z2slOjjxUhbGiaYhmSwKEo50hEZBoC6TlGg+NAQTycytiPSxxESbuAomBHf25XlSPyy7Ttm9dkqVM5ggD7uwBwfgwjFU4AqqUAMCd/AAz/BiZdaT9Wq9TVpz1nRmB/7Aev8B7WOWqQ==</latexit><latexit sha1_base64="2RcYsgpsTToqpI+vCHN2f1z8Szk=">AAAB+3icbVDLSgMxFM34rPU1VndugkVwVWZE0J1FEV1WsA/oDCWTZtrQJDMkGbEO46e4caGIuPNH3LnsL/gFpo+Fth64cDjnXu69J4gZVdpxvqy5+YXFpeXcSn51bX1j094q1FSUSEyqOGKRbARIEUYFqWqqGWnEkiAeMFIPeudDv35LpKKRuNH9mPgcdQQNKUbaSC27cOEpyuERfEg9yWGP1LKWXXRKzghwlrgTUjz9Hly+79wPKi3702tHOOFEaMyQUk3XibWfIqkpZiTLe4kiMcI91CFNQwXiRPnp6PYM7hulDcNImhIajtTfEyniSvV5YDo50l017Q3F/7xmosMTP6UiTjQReLwoTBjUERwGAdtUEqxZ3xCEJTW3QtxFEmFt4sqbENzpl2dJ7bDkOiX32imWz8AYObAL9sABcMExKIMrUAFVgMEdeATP4MXKrCfr1Xobt85Zk5lt8AfWxw/pzpgm</latexit><latexit sha1_base64="2RcYsgpsTToqpI+vCHN2f1z8Szk=">AAAB+3icbVDLSgMxFM34rPU1VndugkVwVWZE0J1FEV1WsA/oDCWTZtrQJDMkGbEO46e4caGIuPNH3LnsL/gFpo+Fth64cDjnXu69J4gZVdpxvqy5+YXFpeXcSn51bX1j094q1FSUSEyqOGKRbARIEUYFqWqqGWnEkiAeMFIPeudDv35LpKKRuNH9mPgcdQQNKUbaSC27cOEpyuERfEg9yWGP1LKWXXRKzghwlrgTUjz9Hly+79wPKi3702tHOOFEaMyQUk3XibWfIqkpZiTLe4kiMcI91CFNQwXiRPnp6PYM7hulDcNImhIajtTfEyniSvV5YDo50l017Q3F/7xmosMTP6UiTjQReLwoTBjUERwGAdtUEqxZ3xCEJTW3QtxFEmFt4sqbENzpl2dJ7bDkOiX32imWz8AYObAL9sABcMExKIMrUAFVgMEdeATP4MXKrCfr1Xobt85Zk5lt8AfWxw/pzpgm</latexit><latexit sha1_base64="2RcYsgpsTToqpI+vCHN2f1z8Szk=">AAAB+3icbVDLSgMxFM34rPU1VndugkVwVWZE0J1FEV1WsA/oDCWTZtrQJDMkGbEO46e4caGIuPNH3LnsL/gFpo+Fth64cDjnXu69J4gZVdpxvqy5+YXFpeXcSn51bX1j094q1FSUSEyqOGKRbARIEUYFqWqqGWnEkiAeMFIPeudDv35LpKKRuNH9mPgcdQQNKUbaSC27cOEpyuERfEg9yWGP1LKWXXRKzghwlrgTUjz9Hly+79wPKi3702tHOOFEaMyQUk3XibWfIqkpZiTLe4kiMcI91CFNQwXiRPnp6PYM7hulDcNImhIajtTfEyniSvV5YDo50l017Q3F/7xmosMTP6UiTjQReLwoTBjUERwGAdtUEqxZ3xCEJTW3QtxFEmFt4sqbENzpl2dJ7bDkOiX32imWz8AYObAL9sABcMExKIMrUAFVgMEdeATP4MXKrCfr1Xobt85Zk5lt8AfWxw/pzpgm</latexit><latexit sha1_base64="LeFkbkagk2a1655G9aXo18IYVe8=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVBIR9FgUwWMF+wFtKJvtpl26uwm7G7GE+FO8eFDEq3/Em//GbZuDtj4YeLw3w8y8MOFMG8/7dlZW19Y3Nktb5e2d3b1996DS0nGqCG2SmMeqE2JNOZO0aZjhtJMoikXIaTscX0/99gNVmsXy3kwSGgg8lCxiBBsr9d3KTU8zgc7RU9ZTAo1pK++7Va/mzYCWiV+QKhRo9N2v3iAmqaDSEI617vpeYoIMK8MIp3m5l2qaYDLGQ9q1VGJBdZDNbs/RiVUGKIqVLWnQTP09kWGh9USEtlNgM9KL3lT8z+umJroMMiaT1FBJ5ouilCMTo2kQaMAUJYZPLMFEMXsrIiOsMDE2rrINwV98eZm0zmq+V/PvvGr9qoijBEdwDKfgwwXU4RYa0AQCj/AMr/Dm5M6L8+58zFtXnGLmEP7A+fwB6LSTsA==</latexit>



2.72

7.94

12.51

15.96

17.75 17.35

14.3

8.74

2.64

0.09

0.0 0.2 0.4 0.6 0.8 1.0
0

5

10

15

20

v/c

ρ(
v)
in
te
ns
ity

(p
er
ce
nt
,x
10

-2
)

The axion velocity distribution emitted by the nuggets 
during the AQN annihilation events in the Sun. The 
velocities are relativistic, but not ultra-relativistic.   
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Cavity / ADMX experimental constraints shown in green.The 
expected sensitivity for the  ORPHEUS axion search experiment 
[Rybka, 2014] is shown by blue regions. It covers most interesting 
region with                              corresponding to                       .  
The same region is covered by MADMAX [Caldwell, 2017] .

ma ⇠ 10�4eV hBi ⇠ 1025

From 
[Rybka,2014]



                       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 thermodynamics.   

 We suggest that the solar corona heating puzzle 
might be related to the AQN annihilation events  

We also suggest  that the axions from AQNs can be 
studied by conventional instruments as                     
in contrast with DM galactic axions  with

ma
✓initial

⌦dark ' ⌦visible

v ⇠ 10�3c
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<latexit sha1_base64="aR6w7Tv8Yq65kFj3KmLeJio+Zl0=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgaZkVRG8GPegxgnlAsoTZyWwyZHZ2mZkNhCV+hhcPBvHqz3jz6C/4BU4eB00saCiquunuChLBtcH408mtrK6tb+Q3C1vbO7t7xf2Dmo5TRVmVxiJWjYBoJrhkVcONYI1EMRIFgtWD/s3Erw+Y0jyWD2aYMD8iXclDTomxUmvQ0jxC2D1/RLRdLGEXT4GWiTcnpavvr9sxAFTaxY9WJ6ZpxKShgmjd9HBi/Iwow6lgo0Ir1SwhtE+6rGmpJBHTfja9eYROrNJBYaxsSYOm6u+JjERaD6PAdkbE9PSiNxH/85qpCS/9jMskNUzS2aIwFcjEaBIA6nDFqBFDSwhV3N6KaI8oQo2NqWBD8BZfXia1M9fDrnePS+VrmCEPR3AMp+DBBZThDipQBQoJPMELjJ3UeXZenbdZa86ZzxzCHzjvP6dCk7Y=</latexit><latexit sha1_base64="zMGyaAYeJiTuHBBTei398GKWstQ=">AAAB83icbVDLSgMxFM34rPVVHzs3wSK4GjKC6M6iC11WsA/oDCWTZtrQJDMkmUId6me4caGIW/0Ydy77C36B6WOhrQcuHM65l3vvCRPOtEHoy1lYXFpeWc2t5dc3Nre2Czu7VR2nitAKiXms6iHWlDNJK4YZTuuJoliEnNbC7tXIr/Wo0iyWd6af0EDgtmQRI9hYye/5mgmI3NMHSJqFInLRGHCeeFNSvPgeXn/s3w/LzcKn34pJKqg0hGOtGx5KTJBhZRjhdJD3U00TTLq4TRuWSiyoDrLxzQN4ZJUWjGJlSxo4Vn9PZFho3Reh7RTYdPSsNxL/8xqpic6DjMkkNVSSyaIo5dDEcBQAbDFFieF9SzBRzN4KSQcrTIyNKW9D8GZfnifVE9dDrneLiqVLMEEOHIBDcAw8cAZK4AaUQQUQkIBH8AxenNR5cl6dt0nrgjOd2QN/4Lz/AKOtlTM=</latexit><latexit sha1_base64="zMGyaAYeJiTuHBBTei398GKWstQ=">AAAB83icbVDLSgMxFM34rPVVHzs3wSK4GjKC6M6iC11WsA/oDCWTZtrQJDMkmUId6me4caGIW/0Ydy77C36B6WOhrQcuHM65l3vvCRPOtEHoy1lYXFpeWc2t5dc3Nre2Czu7VR2nitAKiXms6iHWlDNJK4YZTuuJoliEnNbC7tXIr/Wo0iyWd6af0EDgtmQRI9hYye/5mgmI3NMHSJqFInLRGHCeeFNSvPgeXn/s3w/LzcKn34pJKqg0hGOtGx5KTJBhZRjhdJD3U00TTLq4TRuWSiyoDrLxzQN4ZJUWjGJlSxo4Vn9PZFho3Reh7RTYdPSsNxL/8xqpic6DjMkkNVSSyaIo5dDEcBQAbDFFieF9SzBRzN4KSQcrTIyNKW9D8GZfnifVE9dDrneLiqVLMEEOHIBDcAw8cAZK4AaUQQUQkIBH8AxenNR5cl6dt0nrgjOd2QN/4Lz/AKOtlTM=</latexit><latexit sha1_base64="zMGyaAYeJiTuHBBTei398GKWstQ=">AAAB83icbVDLSgMxFM34rPVVHzs3wSK4GjKC6M6iC11WsA/oDCWTZtrQJDMkmUId6me4caGIW/0Ydy77C36B6WOhrQcuHM65l3vvCRPOtEHoy1lYXFpeWc2t5dc3Nre2Czu7VR2nitAKiXms6iHWlDNJK4YZTuuJoliEnNbC7tXIr/Wo0iyWd6af0EDgtmQRI9hYye/5mgmI3NMHSJqFInLRGHCeeFNSvPgeXn/s3w/LzcKn34pJKqg0hGOtGx5KTJBhZRjhdJD3U00TTLq4TRuWSiyoDrLxzQN4ZJUWjGJlSxo4Vn9PZFho3Reh7RTYdPSsNxL/8xqpic6DjMkkNVSSyaIo5dDEcBQAbDFFieF9SzBRzN4KSQcrTIyNKW9D8GZfnifVE9dDrneLiqVLMEEOHIBDcAw8cAZK4AaUQQUQkIBH8AxenNR5cl6dt0nrgjOd2QN/4Lz/AKOtlTM=</latexit><latexit sha1_base64="H8wyDSCl+4f/52t81J2WTn24fvs=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4WrKC6LHoxWMF+wHdpWTTtA1NskuSLZSl/gwvHhTx6p/x5r8xbfegrQ8GHu/NMDMvTgU3FuNvb219Y3Nru7RT3t3bPzisHB03TZJpyho0EYlux8QwwRVrWG4Fa6eaERkL1opHdzO/NWba8EQ92knKIkkGivc5JdZJ4Tg0XCLsXz0h2q1UsY/nQKskKEgVCtS7la+wl9BMMmWpIMZ0ApzaKCfacirYtBxmhqWEjsiAdRxVRDIT5fObp+jcKT3UT7QrZdFc/T2RE2nMRMauUxI7NMveTPzP62S2fxPlXKWZZYouFvUzgWyCZgGgHteMWjFxhFDN3a2IDokm1LqYyi6EYPnlVdK89APsBw+4Wrst4ijBKZzBBQRwDTW4hzo0gEIKz/AKb17mvXjv3seidc0rZk7gD7zPH6KTkL0=</latexit>


