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• The main goal of this talk is to overview a novel paradigm 
when the DM behaves as a strongly interacting object  
instead of weakly interacting object in old canonical 
paradigm. The new paradigm is based on the so-called 
Axion Quark Nugget (AQN) DM framework

• A number of talks of this workshop are based on  this 
new ideas.  This talk is a brief Introduction to the AQN 
framework:

• Ophir Ruimi, Sept 17, 5:35pm, “Search for AQN at LHC”

• Jinsu Kim, Sept 18, 10:25am, “ Search for AQN at CAPP”

• Mihaela Parvu, Sept 19, 4:05pm, “Detection of Axion Anti-
Quark Nuggets via their interaction in kt liquid detectors”  



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

There are two (apparently unrelated) phenomena: 

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

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

many other observed puzzles and mysterious 
events … to be mentioned today…  

Why the baryonic matter density                 and the 
dark matter density             are similar in values as 
observations suggest,                             ? They 
could assume dramatically different scales if 
they are originated from different physics.         
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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



1.“Naive, Old Paradigm”  Moral: DM requires  New   
Fields such as Weakly interacting Massive Particles 
(WIMP)s. Nothing is found so far, see next slide  

2. “Naive, Old Paradigm” Moral:  New Fields must be 
Nonbaryonic. Arguments come from structure 
formation requirements,  Big Bang Nuclear 
synthesis (BBN), etc, see a slide from CERN page  

New Paradigm: Instead of  “New Fields”                     
“New phases”   of  “Old Fields” (quarks and gluons)  

Instead of “Baryogenesis”                 “segregation  of 
charges” of conventional fields (quarks) at ✓ 6= 0

2. Old Paradigm  vs   New Paradigm 



Unlike normal matter, dark matter does not interact with 
electromagnetic force. This means it does not absorb, 
reflect or emit light, making it extremely hard to spot…



DM Searches (within Old Paradigm) since 1990.
Present constraints are well outside the “miracle” sigma 



Furthermore, our claim is that we have been 
witnessing (indirectly) the manifestations of the DM 
(beyond gravity) for years with many puzzling 
observations at all scales (BBN, galactic, Sun, 
Earth)  

Today I specifically focus on several observed 
puzzles and anomalies which could be the 
manifestations of this   New Paradigm DM :                                                        
1.Mysterious diffuse galactic UV radiation;                                                                                      
2. Solar corona heating mystery (since1939)                                                                                                                                                                                          
3.Future searches: broadband detection strategy 
-the daily modulations (CAST/CAPP analysis) and  
new broadband instruments such as BREAD 



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
)
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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.  
As a result the idea was 
dropped  in  90-s

E. Witten

New element to rescue the 
nugget’s idea: the axion 

�/M
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There are two new elements (in comparison with old 
Witten’s construction):                                               
1. there is  extra CP odd  axion field.   Precisely 
this CP odd field               is responsible for charge 
segregation of the charge (replacing baryogenesis)   
2. As a consequence: there are two species, the  
nuggets and anti-nuggets (representing the DM).             
The construction leads to the similarity between 
dark and visible sectors:    

The nuggets and anti-nuggets are absolutely stable 
objects on the cosmological time scale. Only small 
portion of the baryon charge get annihilated during 
BBN, CMB, post-recombination epochs.  

Therefore, the AQNs  survive the long evolution in 
unfriendly environment until present day.

⌦dark ⇡ ⌦visible ⇠ ⇤QCD

✓ 6= 0



• In the applications to be discussed below I take agnostic 
viewpoint regarding the formation mechanism- I assume 
that such antimatter nuggets do exist.  It is consistent 
with all cosmological, astrophysical, satellite, and 
terrestrial observations as long as                                                      
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AQN structure
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• The New Paradigm is: the DM  could be in form of very dense and 
heavy quark nuggets, called the Axion Quark Nugget (AQN) which 
strongly interact with SM particles, quarks and gluons. 


• Why don’t we see these strongly interacting AQNs in everyday life?


• The answer is: conventional WIMP’s density is    


• while typical AQN density is                                      very rare events 


• Nevertheless, I want to argue that we have been witnessing of such 
rare events of strongly interacting objects for years and even 
centuries. My arguments today are based exclusively on well-
recorded events by modern physics laboratories.


• These events are usually called “mysterious”, “puzzling”, 
“anomalous”, “exotic”  etc events without given any explanations 
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Matter in the Universe

One part: 
visible matter 

(hadronic phase)

Two parts: 
  matter nuggets 

(CS phase)

Three  parts: 
  anti-matter nuggets 

(CS phase) 

1. CP violating parameter         generates the difference 
between number of nuggets and antinuggets which must be 
order of one effect (observations:                                     )      
2. The annihilation processes continue until visible
anti-baryons get annihilated and baryons remain;
3. The final result:                          as observed 
irrespective to any parameters of the model    

Btot = 0 = Bnugget +Bvisible � B̄antinugget

BDM = Bnugget + B̄antinugget ' 5 Bvisible

Bnugget/B̄antinaget ' 2/3

✓ ⇠ 1
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Applications. Observed mysterious emissions:
from the galaxy to the Sun

• galaxy:

• Sun:



3. Mysterious Cosmic Diffuse UV Radiation
Recent studies of the diffuse Far UV background   
by GALEX (Galaxy Evolution Explorer) show  huge 
inconsistency of the  conventional  picture when UV 
background is a result of dust scatter from  the UV 
emitting stars, [Henry et al, 2015]:  

1. “uniformity puzzle” -the diffuse FUV                 
radiation is very uniform in both hemispheres, in 
contrast with strong non-uniformity in distribution 
of the UV emitting stars  (see next slide); 

2. “galactic longitude puzzle” - the diffuse FUV radiation 
is almost independent of Galactic longitude. It must 
be contrasted with localization of the UV emitting 
stars which are mostly confined to the longitude 
range                     (see next slide);

<latexit sha1_base64="HbPuDve0dYquqmXMkXyRHRob01w=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBKtQEcuMSu2y6MZlBfuAdiyZNFNDM5kxyRSG0r8Q3LhQxK0f465/Y/pYaOuBezmccy+5OV7EmdK2PbJSS8srq2vp9czG5tb2TnZ3r6bCWBJaJSEPZcPDinImaFUzzWkjkhQHHqd1r3cz9ut9KhULxb1OIuoGuCuYzwjWRnLzTsl+sM8uiqaftLM5u2BPgBaJMyO58lHr9HlUTirt7HerE5I4oEITjpVqOnak3QGWmhFOh5lWrGiESQ93adNQgQOq3MHk6CE6NkoH+aE0JTSaqL83BjhQKgk8Mxlg/ajmvbH4n9eMtV9yB0xEsaaCTB/yY450iMYJoA6TlGieGIKJZOZWRB6xxESbnDImBGf+y4ukdl5wioXLO5PGNUyRhgM4hDw4cAVluIUKVIHAE7zAG7xbfevV+rA+p6Mpa7azD39gff0AWeCS3g==</latexit>

(1800 � 3600)

<latexit sha1_base64="WwMiXRV4SZDGA6I3UGWXeZk5yho=">AAAB/HicbVDLSgMxFM3UV62v0S7dBKtQEUtGxbpsdeOygn3AzFAyaaaGZh4kGWEY6le4d+NCEbd+iLv+jeljoa0HLhzOuZd77/FizqRCaGTklpZXVtfy64WNza3tHXN3ryWjRBDaJBGPRMfDknIW0qZiitNOLCgOPE7b3uBm7LcfqZAsCu9VGlM3wP2Q+YxgpaWuWYQ2LFvnCJ1aVYSOoVOvu12zhCpoArhIrBkp1Q6dk+dRLW10zW+nF5EkoKEiHEtpWyhWboaFYoTTYcFJJI0xGeA+tTUNcUClm02OH8IjrfSgHwldoYIT9fdEhgMp08DTnQFWD3LeG4v/eXai/Cs3Y2GcKBqS6SI/4VBFcJwE7DFBieKpJpgIpm+F5AELTJTOq6BDsOZfXiSts4p1Wbm402lcgynyYB8cgDKwQBXUwC1ogCYgIAUv4A28G0/Gq/FhfE5bc8Zspgj+wPj6AZOXlH8=</latexit>

[(1300� 1700)Å]



3. “galactic latitude puzzle”- The diffuse radiation increases 
in brightness toward lower galactic latitude.  This 
should be contrasted with conventional modelling 
which predicts very low brightness at low Galactic 
latitudes 

4. “non-correlation puzzle”  Conventional picture for the 
FUV suggests that it must be correlated with the 
thermal (           ) emission as both radiations are 
assumed to be related to the dust and its distribution 
in the galaxy.  

This picture dramatically fails as  thermal (          )  
emission  is highly asymmetric and strongly correlated 
with locations of the UV emitting stars, while FUV 
diffuse emission is highly symmetric and uniform, see 
slides below. It also suggests that FUV has galactic 
(not extra galactic, nor terrestrial) origin.

<latexit sha1_base64="DfXPvaG4HJBLQhdmCF8zWs874Qg=">AAAB/HicbVDLTsJAFJ3iC/FVZelmIppgUNISoy6JblxiImBCK5kOU5gwnTYzU5Omwa9w78aFxrj1Q9zxN06BhYInubkn59ybuXO8iFGpLGts5JaWV1bX8uuFjc2t7R1zd68lw1hg0sQhC8W9hyRhlJOmooqR+0gQFHiMtL3hdea3H4mQNOR3KomIG6A+pz7FSGmpaxYdymH5tGY9WCcQVrJ+3DVLVtWaAC4Se0ZK9UOn8jyuJ42u+e30QhwHhCvMkJQd24qUmyKhKGZkVHBiSSKEh6hPOppyFBDpppPjR/BIKz3oh0IXV3Ci/t5IUSBlEnh6MkBqIOe9TPzP68TKv3RTyqNYEY6nD/kxgyqEWRKwRwXBiiWaICyovhXiARIIK51XQYdgz395kbRqVfu8enar07gCU+TBPjgAZWCDC1AHN6ABmgCDBLyAN/BuPBmvxofxOR3NGbOdIvgD4+sHClCUxw==</latexit>

2 (�200,+200)

<latexit sha1_base64="aF+NRUFBisVOJXuP9PWYpQIsidA=">AAAB8HicbVC7SgNBFL0bXzG+opY2g0FIFXZFomXQxjKCeUh2CbOT2WTIzOwyMyuEJd9gYWOhiK2f4SfY+SH2Th6FJh64cDjnXu69J0w408Z1v5zcyura+kZ+s7C1vbO7V9w/aOo4VYQ2SMxj1Q6xppxJ2jDMcNpOFMUi5LQVDq8mfuueKs1ieWtGCQ0E7ksWMYKNle4810W+SJHoFktuxZ0CLRNvTko15Je/Px78erf46fdikgoqDeFY647nJibIsDKMcDou+KmmCSZD3KcdSyUWVAfZ9OAxOrFKD0WxsiUNmqq/JzIstB6J0HYKbAZ60ZuI/3md1EQXQcZkkhoqyWxRlHJkYjT5HvWYosTwkSWYKGZvRWSAFSbGZlSwIXiLLy+T5mnFq1bObmwalzBDHo7gGMrgwTnU4Brq0AACAh7hGV4c5Tw5r87brDXnzGcO4Q+c9x/hi5Lb</latexit>

100µm

<latexit sha1_base64="aF+NRUFBisVOJXuP9PWYpQIsidA=">AAAB8HicbVC7SgNBFL0bXzG+opY2g0FIFXZFomXQxjKCeUh2CbOT2WTIzOwyMyuEJd9gYWOhiK2f4SfY+SH2Th6FJh64cDjnXu69J0w408Z1v5zcyura+kZ+s7C1vbO7V9w/aOo4VYQ2SMxj1Q6xppxJ2jDMcNpOFMUi5LQVDq8mfuueKs1ieWtGCQ0E7ksWMYKNle4810W+SJHoFktuxZ0CLRNvTko15Je/Px78erf46fdikgoqDeFY647nJibIsDKMcDou+KmmCSZD3KcdSyUWVAfZ9OAxOrFKD0WxsiUNmqq/JzIstB6J0HYKbAZ60ZuI/3md1EQXQcZkkhoqyWxRlHJkYjT5HvWYosTwkSWYKGZvRWSAFSbGZlSwIXiLLy+T5mnFq1bObmwalzBDHo7gGMrgwTnU4Brq0AACAh7hGV4c5Tw5r87brDXnzGcO4Q+c9x/hi5Lb</latexit>

100µm



FUV (black),  thermal (             ) emission at different longitudes 
(red-southern, and blue-northern). Dramatic difference between the 
thermal and FUV emissions, which must have independent origin. 
There is no connection between thermal (asymmetric) and FUV 
(symmetric) emissions,

<latexit sha1_base64="aF+NRUFBisVOJXuP9PWYpQIsidA=">AAAB8HicbVC7SgNBFL0bXzG+opY2g0FIFXZFomXQxjKCeUh2CbOT2WTIzOwyMyuEJd9gYWOhiK2f4SfY+SH2Th6FJh64cDjnXu69J0w408Z1v5zcyura+kZ+s7C1vbO7V9w/aOo4VYQ2SMxj1Q6xppxJ2jDMcNpOFMUi5LQVDq8mfuueKs1ieWtGCQ0E7ksWMYKNle4810W+SJHoFktuxZ0CLRNvTko15Je/Px78erf46fdikgoqDeFY647nJibIsDKMcDou+KmmCSZD3KcdSyUWVAfZ9OAxOrFKD0WxsiUNmqq/JzIstB6J0HYKbAZ60ZuI/3md1EQXQcZkkhoqyWxRlHJkYjT5HvWYosTwkSWYKGZvRWSAFSbGZlSwIXiLLy+T5mnFq1bObmwalzBDHo7gGMrgwTnU4Brq0AACAh7hGV4c5Tw5r87brDXnzGcO4Q+c9x/hi5Lb</latexit>

100µm

[Henry et al, 2015]



Locations of the UV bright stars are shown (blue-northern, red-
southern galactic latitudes). The sky is dramatically different in FUV 
as most of the bright stars concentrated on galactic plane and half 
of the galactic longitudes               

<latexit sha1_base64="HbPuDve0dYquqmXMkXyRHRob01w=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBKtQEcuMSu2y6MZlBfuAdiyZNFNDM5kxyRSG0r8Q3LhQxK0f465/Y/pYaOuBezmccy+5OV7EmdK2PbJSS8srq2vp9czG5tb2TnZ3r6bCWBJaJSEPZcPDinImaFUzzWkjkhQHHqd1r3cz9ut9KhULxb1OIuoGuCuYzwjWRnLzTsl+sM8uiqaftLM5u2BPgBaJMyO58lHr9HlUTirt7HerE5I4oEITjpVqOnak3QGWmhFOh5lWrGiESQ93adNQgQOq3MHk6CE6NkoH+aE0JTSaqL83BjhQKgk8Mxlg/ajmvbH4n9eMtV9yB0xEsaaCTB/yY450iMYJoA6TlGieGIKJZOZWRB6xxESbnDImBGf+y4ukdl5wioXLO5PGNUyRhgM4hDw4cAVluIUKVIHAE7zAG7xbfevV+rA+p6Mpa7azD39gff0AWeCS3g==</latexit>

(1800 � 3600)

Henry et al, 2015



Total luminosity            from a single AQN is 

To estimate total FUV intensity              produced by 
all nuggets along the line of sight one should 
multiply         to the AQN’s density and mean free 
path                   and fraction             to FUV emission 

This estimate should be compared with intensity of 
excess FUV detected by GALEX over its bandpass

<latexit sha1_base64="rVwpX/5XejfcIHxJnYTHSGu2CQw="></latexit>

LAQN ⇡ 4⇡R2 · Ftot(T ) ⇡ 4.7

✓
T

5 eV

◆ 17
4 erg

s

<latexit sha1_base64="SMUnOKQ4wYI4OTRDjpcaVP5WQ2A=">AAAB+XicbVDLSgMxFM34rFMfoy7dBIviqsyIqMuqGxciLdgHtMOQSTNtaJIZkkyhDP0TNy4UcSv4A/6BOz9E16aPhbYeuHA4517uvSdMGFXadT+thcWl5ZXV3JqdX9/Y3HK2d2oqTiUmVRyzWDZCpAijglQ11Yw0EkkQDxmph72rkV/vE6loLO70ICE+Rx1BI4qRNlLgONCG8CbIWpLDi8rtEAZOwS26Y8B54k1JoXT49fbez3+XA+ej1Y5xyonQmCGlmp6baD9DUlPMyNBupYokCPdQhzQNFYgT5Wfjy4fwwChtGMXSlNBwrP6eyBBXasBD08mR7qpZbyT+5zVTHZ37GRVJqonAk0VRyqCO4SgG2KaSYM0GhiAsqbkV4i6SCGsTlm1C8GZfnie146J3WjypmDQuwQQ5sAf2wRHwwBkogWtQBlWAQR/cg0fwZGXWg/VsvUxaF6zpzC74A+v1B2ULlgM=</latexit>

LAQN

<latexit sha1_base64="/1331Pt6Am6MBljQw3Sgp4bYDCM="></latexit>

�FUV
AQN ⇠ LAQNnAQNR� ⇠ 5 · 10�5

✓
T

5 eV

◆ 17
4 erg

s · cm2

<latexit sha1_base64="sC1wTcACl9Y8qPfhjmY5DjGOsWM=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAR3FgSEXVZFcSVtGDaQhPDZDpph84kYWYilJCNWz9DFy4UcetnuPND3Dt9LLT1wIXDOfdy7z1BwqhUlvVlzMzOzS8sFpaKyyura+vmxmZdxqnAxMExi0UzQJIwGhFHUcVIMxEE8YCRRtC7GPiNOyIkjaMb1U+Ix1EnoiHFSGnJN7ehW+3S2+zSqed+5goOz2rXuQt9s2SVrSHgNLHHpFQ5+H56IKWk6pufbjvGKSeRwgxJ2bKtRHkZEopiRvKim0qSINxDHdLSNEKcSC8bPpDDPa20YRgLXZGCQ/X3RIa4lH0e6E6OVFdOegPxP6+VqvDUy2iUpIpEeLQoTBlUMRykAdtUEKxYXxOEBdW3QtxFAmGlMyvqEOzJl6dJ/bBsH5ePajqNczBCAeyAXbAPbHACKuAKVIEDMMjBI3gBr8a98Wy8Ge+j1hljPLMF/sD4+AH/AZkR</latexit>

�FUV
AQN

<latexit sha1_base64="SMUnOKQ4wYI4OTRDjpcaVP5WQ2A=">AAAB+XicbVDLSgMxFM34rFMfoy7dBIviqsyIqMuqGxciLdgHtMOQSTNtaJIZkkyhDP0TNy4UcSv4A/6BOz9E16aPhbYeuHA4517uvSdMGFXadT+thcWl5ZXV3JqdX9/Y3HK2d2oqTiUmVRyzWDZCpAijglQ11Yw0EkkQDxmph72rkV/vE6loLO70ICE+Rx1BI4qRNlLgONCG8CbIWpLDi8rtEAZOwS26Y8B54k1JoXT49fbez3+XA+ej1Y5xyonQmCGlmp6baD9DUlPMyNBupYokCPdQhzQNFYgT5Wfjy4fwwChtGMXSlNBwrP6eyBBXasBD08mR7qpZbyT+5zVTHZ37GRVJqonAk0VRyqCO4SgG2KaSYM0GhiAsqbkV4i6SCGsTlm1C8GZfnie146J3WjypmDQuwQQ5sAf2wRHwwBkogWtQBlWAQR/cg0fwZGXWg/VsvUxaF6zpzC74A+v1B2ULlgM=</latexit>

LAQN
<latexit sha1_base64="OiqYVUeQhGs9Ik4x3dVNvxjdXh8=">AAACBXicbVC7SgNBFJ2Nrxhfq5ZaDAYh1bIrEi2DNpZRzAOyIcxOZpMhM7PLzKwQlrWwsfQ3bCwUsRX8BDs/xN7Jo9DEAxcO59zLvfcEMaNKu+6XlVtYXFpeya8W1tY3Nrfs7Z26ihKJSQ1HLJLNACnCqCA1TTUjzVgSxANGGsHgfOQ3bohUNBLXehiTNkc9QUOKkTZSx96HEKY+Riy9yjJfUQ5dp3zrSw4HMe7YRddxx4DzxJuSYgX6pe+PB7/asT/9boQTToTGDCnV8txYt1MkNcWMZAU/USRGeIB6pGWoQJyodjr+IoOHRunCMJKmhIZj9fdEirhSQx6YTo50X816I/E/r5Xo8LSdUhEnmgg8WRQmDOoIjiKBXSoJ1mxoCMKSmlsh7iOJsDbBFUwI3uzL86R+5Hhl5/jSpHEGJsiDPXAASsADJ6ACLkAV1AAGd+ARPIMX6956sl6tt0lrzprO7II/sN5/AF+lmuw=</latexit>

R ⇠ 0.6 kpc
<latexit sha1_base64="V1A2rrCl73NQ3g1n03NpI/Z/exY=">AAAB9XicbVC7TsNAEFyHVwivACXNiQgplWVHCCgjaCiDRB5SbKLz5ZyccmebuzMosvINtDQUIETLP/AJdHwIPZdHAQkjrTSa2dXuTpBwprTjfFm5peWV1bX8emFjc2t7p7i711BxKgmtk5jHshVgRTmLaF0zzWkrkRSLgNNmMLgY+807KhWLo2s9TKgvcC9iISNYG+nGI33mKSboLXLsSqdYcmxnArRI3BkpVZFX/v548Gqd4qfXjUkqaKQJx0q1XSfRfoalZoTTUcFLFU0wGeAebRsaYUGVn02uHqEjo3RRGEtTkUYT9fdEhoVSQxGYToF1X817Y/E/r53q8MzPWJSkmkZkuihMOdIxGkeAukxSovnQEEwkM7ci0scSE22CKpgQ3PmXF0mjYrsn9vGVSeMcpsjDARxCGVw4hSpcQg3qQEDCIzzDi3VvPVmv1tu0NWfNZvbhD6z3HxyflUw=</latexit>

� ' 0.2

<latexit sha1_base64="DXwMUyUmKNpe8DXVgkY/TzL6XBs="></latexit>

10�5erg cm�2 s�1 in band (1380� 2500)Å



It should be also compared with FUV intensity produced 
by WIMP-like models                          .      This mechanism 
naturally explains 1-4 puzzles mentioned above: 

“uniformity puzzle” is resolved as DM in form of the AQN 
uniformly distributed in the galaxy; 

“galactic longitude puzzle” is resolved as DM particles are 
bot sensitive to galactic longitude;   

“galactic latitude puzzle” is resolved as the intensity must 
increase toward lower latitudes because it is   
proportional to  visible density 

“non-correlation puzzle”  with is thermal emission is also 

resolved as DM does not follow the locations of stars.    

<latexit sha1_base64="FzMYmeiguIzKHjUGHaUR1DjXXqU=">AAACDnicbVC7SgNBFJ2NrxhfUUubwRiIiHE3iLGwCNpYRjAPyG7C7GSSDJnZXWZmhWXZL7Cx8EdsLBSxtbbL3zh5FJp44MLhnHu59x43YFQq0xwZqaXlldW19HpmY3Nreye7u1eXfigwqWGf+aLpIkkY9UhNUcVIMxAEcZeRhju8GfuNByIk9b17FQXE4ajv0R7FSGmpk81fQctsx6dWOYG24BDGRPSTs7ggbdz1FcS8XTpOOtmcWTQngIvEmpFc5cg+eR5Vomon+213fRxy4inMkJQtywyUEyOhKGYkydihJAHCQ9QnLU09xIl04sk7CcxrpQt7vtDl6RPG6u+JGHEpI+7qTo7UQM57Y/E/rxWq3qUTUy8IFfHwdFEvZFD5cJwN7FJBsGKRJggLqm+FeIAEwkonmNEhWPMvL5J6qWhdFM/vdBrXYIo0OACHoAAsUAYVcAuqoAYweAQv4A28G0/Gq/FhfE5bU8ZsZh/8gfH1A9kGnR0=</latexit>

< 10�17erg/(s · cm2)

<latexit sha1_base64="ryXCXsKsAyO9lwO27YxJSzRHNX8="></latexit>
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 4. 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, W.Grotrian, 1939) 

L� (EUV from Corona) ⇠ 1030 · GeV

s
⇠ 1027 · erg

s
.

T ' 104 K ) T ' 106 K

10�6
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a) b)

c) d)

Left: the temperature distribution in outer Sun: the 
drastic changes occur in vicinity of 2000km. The 
transition region is about 200 km wide.
Right: the unexpected deviation from the thermal 
distribution  in EUV and soft x rays from corona 



Puzzles: The transition happens on scale 200 km, while 
typical scales (mean free paths) are 

This apparent  violation of the second law of 
thermodynamics (temperature increases when density 
decreases)  can only be resolved if there is some 
unknown  non-thermal source of energy   

the source should sustain power of order                
which represents                        of the total luminosity 

This emission is very uniform over surface, and occurs 
even in the quiet Sun where magnetic field is small 

This EUV emission does not depend on solar activity 

the observed Doppler shifts of emitting ions: ~300 km/s, 
far exceed thermal velocity 11 km/s.
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This proposal:  we advocate a scenario when  the energy 
deposition is originated from outside the system (not 
from deep dense regions of the Sun, which is a 
conventional explanation, see comments below) 

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 and mysteriously coincides with the total 
(observed) EUV  energy output  from corona which is 
hard to explain in terms of conventional astrophysical 
sources (corona heating puzzle)
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,
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 5. When the AQN hits the Earth…  
Number of AQNs hitting the earth surface is tiny.   

Corresponding axion flux very local, in contrast 
with Cosmic axion Background (CaB) flux   

It is instructive to compare with conventional 
galactic axions (misalignment mechanism, DW decays) 

It is also instructive to compare with (cosmological) 
energy density of the  CaB flux 

mah�AQN
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eV

cm2s
, va ' 0.6c.
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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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6. Broadband Detection strategy
Average velocity of the AQN-induced axions is very 
large                 . The corresponding EM signal is 
expected to be very broad with                . 

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

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

The DM flux shows the annual (and daily) 
modulations due to the presence of relative 
orientation of the Earth’s velocity and axis of 
rotation and DM galactic wind (effect~ 10%):     
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7. Daily Modulations
The daily modulations for WIMPs or any other 
fundamental particles (including galactic axions) 
are very tiny because additional velocity is                 
to be compared with velocity of galactic wind                  

conventional instruments are not designed to 
measure the directionality which was the main 
reason why the daily modulations  were largely  
ignored in the past   

There are two novel sources for the daily 
modulations: 1. the AQN-induced axion is a  
relativistic particle, and  2. the AQN’s sizes at the 
moment of entry and exit of the Earth’s surface  
are different because the AQN is a composite object  
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1. The idea is to fit the time dependent signal   

2.The same fit could be carried out by performing the 
Fourier transform   

3. Let us assume that the signal with                      is 
recorded. Is it a true signal or a noise?        

4. One should check that no modulations appear for 
zero magnetic field B=0 (such test excludes temperature 
fluctuations, human-related sources, tides, etc)  

5.One should also check a proper  drift of the phase         
with the seasons (to exclude any spurious signals)  

6. There are few others (more sophisticated consistency 
checks) that the signal is not a spurious signal but a 
truly genuine signal such as network of detectors 

A(a)(t) ⌘ [1 + (a) cos⌦a(t� t0)], A(d)(t) ⌘ [1 + (d) cos(⌦dt� �0)]
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• We incorporated these ideas to search for the daily 
modulations by using CAST-CAPP previously recorded data,  
see recent preprint arxiv 2405.10972, see  talk by Kaan 
Ozbozduman at the Cosmic WISPers meeting (Istanbul, Turkey, 
Sept 3-6 2024)

• We conclude with wording “We have observed daily variations 
at vanishing and non-vanishing B.  We could not conclusively 
determine an axion-related signal.” 

• “Additional tests to discriminate a true genuine signal from 
the noise or spurious signals cannot be carried out as the 
CAST-CAPP detector is no longer operational”

• We advocate to search for the daily modulations with 
broadband instruments such as “BREAD” see Sonnenschein 
and Hoshino talks, or single photon detector such as “RAY”, 
see Maruyama talk at this meeting





                       Conclusion                
"Non- baryonic Dark matter" could be ordinary  
baryonic matter (we know and love) which is in non- 
hadronic phase (composite object), the  AQN    

Ratio:                             is very generic consequence 
of this framework (no sensitivity to axion mass        , 
nor to the misalignment angle            ). This is 
because  both components are proportional to one 
and the same fundamental           scale of nature.  

This model offers a simultaneous  resolution of a 
number (naively unrelated) old mysteries: DM, 
baryogenesis,…   

The AQN framework changes entire paradigm of the 
DM- from a non-interacting (in galaxies) to 
strongly-interacting (in stars+planets) system

ma
✓initial

⌦dark ⇠ ⌦visible
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In particular, there are many hints (in many frequency 
bands) suggesting that the energy injection to space 
did  occur during the Universe evolution. 

1. Many observed excesses of radiation on  galactic 
scale.  It includes UV, optical , radio frequency bands  

2. Long Standing problem on Primordial Lithium 
Puzzle  

3. Many observed puzzles  during the structure 
formation at small galactic scales (such as Core-Cusp 
problem, too big to fail, etc)   

4. In fact the AQNs behave as chameleon-like 
composite particles. They behave as conventional DM 
components on large galactic scales, but interact 
very strongly in dense environments  



• Question: Why these strongly interacting objects have never been 
observed in numerous DM laboratories around the globe?


• Answer: All designated DM laboratories are built to detect the 
WIMPs with mass                                , while                                  . 
Therefore, it takes million of years before a single event occurs in a 
small DM detectors measured in meters.


• Large Cosmic Rays (CR) detectors with size 100 km are appropriate 
to study these objects. However, hardware and software of these 
labs are designed (from the start) to study the ultra-relativistic CR, 
while AQN is a non- relativistic object. 


• In their analysis they automatically remove any correlations with long 
time scales


• Pure sociological problem: people prefer to stay within the old WIMP-
mainstream, which has been dominating paradigm for 40 years 
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MWIMP ⇠ 102GeV
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MAQN ⇠ 1025GeV



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



Do we have an extraordinary evidence to make our 
extraordinary claim? 

Time will tell…




