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1. TWO (NAIVELY UNRELATED) PROBLEMS:
DARK MATTER AND BARYOGENESIS.

1.“NAIVE” MORAL: DARK MATTER REQUIRES NEW (UNKNOWN)
FIELDS

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 { 7é 0

SEPARATION OF CHARGES IS REALIZED BY FORMATION OF THE
NUGGETS (SIMILAR TO WITTEN’S NUGGETS) WITH 2 EXTRA
ELEMENTS:



1. THERE IS EXTRA AXION DOMAIN WALL PRESSURE WHICH
MAKES THE NUGGETS STABLE (PHASE TRANSITION IS NOT
REQUIRED)

2. THERE ARE TWO SPECIES, THE NUGGETS AND ANTI-
NUGGETS.

THE NUGGETS REMAIN STABLE OVER COSMOLOGICAL
TIMESCALES AND SERVE AS DM (SIMILAR TO WITTEN’S
NUGGETS)

A SMALL GEOMETRICAL FACTOR REPLACES A WEAK COUPLING
CONSTANT FOR SUFFICIENTLY LARGE NUGGETS
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COSMOLOGICAL CP-ODD AXION FIELD GENERATES THE
DISPARITY BETWEEN TWO SPECIES AT ( #(0 WHICH
IMPLIES THE SIMILARITY BETWEEN DARK AND VISIBLE

SECTORS:  {}qa:k & {dyisible ~ AQED



MATTER IN THE UNIVERSE

A model which explains both the matter-antimatter
asymmetry and the observed ratio of visible matter to DM
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BDM — Bnugget + Bantinugget ~ 5 Bvisible

The ratio Bnugget/Bantinaget = 2/3 at (<) ®
the end of formation is determined by the o
axion CP violating parameter 6 ~ 1
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Three parts:
anti-matter nuggets



2. OBSERVATIONAL COSMOLOGICAL PUZZLES

(NAIVELY UNRELATED STORY)

#@ SEVERAL INDEPENDENT OBSERVATIONS OF THE GALACTIC
CORE SUGGEST UNEXPLAINED SOURCES OF ENERGY:

@ THE MOST KNOWN CASE IS THE 511 KEV LINE
(INTEGRAL) WHICH HAS PROVEN VERY DIFFICULT TO
EXPLAIN WITH CONVENTIONAL ASTROPHYSICAL POSITRON
SOURCES.

@ A SIMILAR, BUT LESS KNOWN MYSTERY IS THE EXCESS
OF GAMMA-RAY PHOTONS DETECTED BY COMPTEL
ACROSS A BROAD ENERGY RANGE 1-20 MEV. SUCH
PHOTONS HAVE BEEN FOUND TO BE VERY DIFFICULT TO
PRODUCE VIA KNOWN ASTROPHYSICAL SOURCES




® DETECTION BY THE CHANDRA SATELLITE OF DIFFUSE
X~-RAY EMISSION FROM ACROSS THE GALACTIC BULGE
PROVIDES A PUZZLING PICTURE: AFTER
SUBTRACTING KNOWN X-RAY SOURCES ONE FINDS A
RESIDUAL DIFFUSE THERMAL X-RAY EMISSION
CONSISTENT WITH VERY HOT PLASMA (T= 10 KEV).
SOURCE OF ENERGY FUELLING THIS PLASMA IS A
MYSTERY.

® RECENT MEASUREMENTS BY THE ARCADE2
EXPERIMENT UNAMBIGUOUSLY SHOW AN EXCESS IN
THE ISOTROPIC RADIO BACKGROUND AT FREQUENCIES
AROUND THE GHZ SCALE.

® ORIGIN OF THESE EXCESSES REMAINS A MYSTERY AS
ALL CONVENTIONAL SOURCES FOR THESE DIFFUSE
EMISSIONS ARE NOT CAPABLE TO DESCRIBE THE
OBSERVATIONS.



RELEVANT LITERATURE

(EXCESSES OF RADIATION AT DIFFERENT FREQUENCY BANDS AS A
RESULT OF ANNIHILATION OF THE DM NUGGETS WITH VISIBLE MATTER).

ALL COMPUTATIONS ARE BASED ON SM PARTICLE PHYSICS

® DM-BARYOGENESIS JCAP 2003; PRD. 2005; PRD.2006

@ 511 KEV LINE (INTEGRAL)

@ 1-20 MEV EXCEss (COMPTEL)

® X-RAY EMISSION (CHANDRA)

B 23<w<61 GHZ (RADIO DIFFUSE)

® w-~ 1 GHz (ARCADE 2)

® wW-~1GHZ (NEARBY GALAXIES)

PRL. 2005

JCAP 2008; PRD. 2010

JCAP 2008

PRD. 2008

PHYS. LETT. B 2013

PHYS. LETT. B 2016



3. FORMATION MECHANISM
T' A

CS
<2l 3
Hadron | Trorm =~ 41MeV

>

(Phase Unknown) i

0

® POSSIBLE COOLING PATHS ARE DENOTED AS 1, 2, 3. THE
PHASE DIAGRAM AT 6 #0 IS STILL UNKNOWN.
FORMATION TEMPERATURE (BELOW THE CS PHASE
TRANSITION) CORRESPONDS TO THE OBSERVED VALUE

® NUGGETS COMPLETE THE FORMATION AT Tirm ~ 41 MeV .



® IF CP VIOLATING AXION FIELD Q(t) WERE ZERO AT THE MOMENT OF
FORMATION THAN AN EQUAL NUMBER OF NUGGETS AND ANTI-
NUGGETS WOULD FORM —> NO VISIBLE MATTER

»fh 7A () DURING THE FORMATION TIME IMPLIES THAT THE DIFFERENCE
BETWEEN TOTAL BARYON CHARGE HIDDEN IN FORM OF NUGGETS
AND ANTI NUGGETS IS ORDER OF ONE:

- C Q = ‘Bnuggets’
visible C = B :
1 ‘ antinuggets

Qdark L

\

® BARYON CHARGE OF THE VISIBLE MATTER CAN BE EXPRESSED IN
TERMS OF THIS PARAMETER ¢(1') ~ 1

® IT IS VERY GENERIC AND MODEL-INDEPENDENT RESULT OF THE
ENTIRE PROPOSAL. THERE IS NO ANY FINE TUNING IN THIS
FRAMEWORK

flatte e C) bia i



) RELEVANT LITERATURE ON FORMATION
MECHANISM :

@ EVOLUTION OF A SINGLE NUGGET-
PRD 2016 (ARXIV 1606.00435)

B COSMOLOGICAL CP oDD AXION FIELD AND
CHARGE SEPARATION MECHANISM
PRD 2017 (1702.04354)

B COSMOLOGICAL AXION AND RELATION TO AXION
SEARCH EXPERIMENTS AND OTHER CONSTRAINTS
PRD 2018 (ARXIV 1711.06271)



4. SOLAR EXTREME UV RADIATION AND THE
AXION QUARK NUGGET (AQN) DARK MATTER

B THE QUIET SUN EMITS EUV RADIATION WITH THE ENERGY
OF ORDER 100 EV WHICH CANNOT BE EXPLAINED IN TERMS

OF ANY CONVENTIONAL ASTRO-PHENOMENA (Solar Corona

‘Mystery, 1939)

B TOTAL ENERGY OUTPUT

| GeV
Lo (EUV from Corona) ~ 10%0 . 2% ~ 1027 . 228

S S

B THE EUV EMISSION OCCURS ABOUT 2000 KM ABOVE THE
SURFACE WHERE THE TEMPERATURE SUDDENLY JUMPS:

T~10* K =T~10° K

B THIS IS FAMOUS ‘“CORONA HEATING PUZzZLE”



Height above Surface (1000 km)

_Io1% Densi_ty8 (kq/ rrfg

~12 —4 XRAY EUV UV VIS IR

: 1 I 1 |I 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 : A d 104
3 A T
\ Corona
E \ E
: Y :
2t ]
Ch:romés,phere
1E S :
: N
Photosphere h \
OF \
| Convection IZone \]
102 104 10° 108 10°9 10" 102 10° 10* 10°
Temperature (K) Wavelength (nm)

Left: the temperature distribution in outer Sun: the
drastic changes occur in vicinity of 2000km

Right: the unexpected deviation from the thermal
distribution in EUV and soft x rays from corona

From [Zioutas 201 6]
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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)

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

THEbSUN R \/1 _I_ i3 2GM@
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THE TOTAL ENERGY FLUX DUE TO THE COMPLETE
ANNIHILATION OF THE AQN (AXION QUARK NUGGETS)
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L@ (AQN) ™ 47Tb(2:ap U DM = 4.8 -1

)

B IT AUTOMATICALLY COINCIDES WITH THE TOTAL (OBSERVED)

EUV ENERGY OUTPUT FROM CORONA WHICH IS HARD TO
EXPLAIN IN TERMS OF CONVENTIONAL ASTROPHYSICAL
SOURCES (CORONA HEATING PUZZLE)



5.0BSERVATION OF ‘“NANOFLARES” AS EVIDENCE
FOR AQNS (AXION QUARK NUGGET) IN CORONA

B FEW HISTORICAL REMARKS: THE TERM NANOFLARE"
HAS BEEN INTRODUCED (POSTULATED) BY PARKER IN
1983 TO ADVOCATE THE IDEA THAT PRECISELY THESE
SMALL EVENTS (BELOW THE INSTRUMENTAL
THRESHOLD) MIGHT BE RESPONSIBLE FOR THE
HEATING OF THE QUIET SOLAR CORONA.

B IT TURNS OUT THAT MANY PROPERTIES OF THESE
“NANOFLARES’ POSTULATED BY SOLAR PHYSICS
PEOPLE TO RUN THEIR MAGNETIC HYDRO- CODES, ARE
AUTOMATICALLY SATISFIED IF ONE IDENTIFIES THE

nanoflares = AQN annihilation events.



TO REPRODUCE THE MEASURED RADIATION LOSS IN CORONA,
THE OBSERVED RANGE OF NANOFLARES NEEDS TO BE IN
rance (3.7-10%" —1.3-10°°) erg  wHICH LARGELY
OVERLAPS WITH ALLOWED WINDOW FOR AQNS

10% < |B| < 4.10%®

THIS IS HIGHLY NONTRIVIAL CONSISTENCY CHECK AS THE
WINDOW FOR |B| COMES FROM ASTROPHYSICAL,
COSMOLOGICAL, SATELLITE AND GROUND BASED
CONSTRAINTS. IT IS ALSO CONSISTENT WITH THE AXION
SEARCH EXPERIMENTS AS B ~ R and R ~ mgl

107 %V < m, < 107 2%eV

THE MEASURED UNIFORM EUV DISTRIBUTION IS ALSO
CONSISTENT WITH THIS PROPOSAL WHEN NANOFLARES MUST
BE UNIFORMLY DISTRIBUTED OVER THE SOLAR SURFACE

THE TIME MEASUREMENTS OF NANOFLARES DEMONSTRATE
THE DOPPLER SHIFT 300 KM/S, FAR EXCEEDS THERMAL
VELOCITY 11 KM/S. CONSISTENT WITH AQN DM VELOCITIES



IN ORDER TO REPRODUCE THE OBSERVED HEATING
PATTERN OF SOLAR CORONA THE NANOFLARES MUST HAVE
TYPICAL ENERGIES AND FREQUENCY OF APPEARANCE AS
FOLLOWS (MAGNETIC-HYDRO SIMULATIONS)

N
(W) ~ 10%° erg, <Cii—t> g el = LUt

THIS PRECISELY CORRESPONDS TO A TYPICAL ENERGY OF
THE NUGGET(B) ~ 10*°> AND NUMBER OF AQNS CAPTURED
BY THE SUN PER SECOND.

THIS PROPOSAL ALSO NATURALLY EXPLAINS A BIZARRE
OBSERVED CORRELATION (ZIOUTAS ET ALL, 2016)
BETWEEN EUV AND THE “INVISIBLE STREAMING MATTER”
TOWARDS THE SUN DUE TO THE GRAVITATIONAL LENSING

RELEVANT LITERATURE ON SOLAR EUV AND THE AXION
QUARK NUGGET (AQN) MODEL:
1.JCAP 2017 ARXIV:1707.03400, 2. ARXIV:1801.01509



6. IMPLICATION FOR THE AXION SEARCH
EXPERIMENTS.

THIS MODEL HAS A SINGLE FUNDAMENTAL PARAMETER, A
MEAN BARYON NUMBER OF A NUGGET (B) ~ 10

IT IS CONSISTENT WITH ALL KNOWN ASTROPHYSICAL,
COSMOLOGICAL, SATELLITE AND GROUND BASED
CONSTRAINTS

THIS PARAMETER <B> ~ 10?°CORRESPONDS TO THE AXION
MASS M, ~ 107% eV . THESE TWO PARAMETERS ARE
DIRECTLY RELATED BECAUSE O ~ 11, DETERMINES THE
SIZE OF THE NUGGETS Rform

OUR COMMENT HERE IS THAT Mg ™~ 107* eV CONTRIBUTES
VERY LITTLE TO Q(DM axion) BUT MAY CONTRIBUTE A
LOT THROUGH THE NUGGET’S FORMATION (THIS PROPOSAL)
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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 m, ~ 10~ eV corresponding to (B) ~ 10°° .
The same region is covered by MADMAX, see [Caldwell, 2017] .



CONCLUSION

" NON- BARYONIC DARK MATTER" COULD BE ORDINARY
BARYONIC MATTER WHICH IS IN THE EXOTIC COLOUR
SUPERCONDUCTING PHASE.

WE COIN THIS MODEL AS THE AXION QUARK NUGGET MODEL
(AQN)

Y > 11c

Qda,]rk — QVlslble IS VERY GENERIC CONSEQUENCE
OF THIS FRAMEWORK (NO SENSITIVITY TO AXION MAss g ,
NOR TO THE MISALIGNMENT ANGLE 0Oipitial )

WE SUGGEST THAT THE SOLAR CORONA HEATING PUZZLE
MIGHT BE RELATED TO THE AQN ANNIHILATION EVENTS

WE ALSO SUGGEST THAT NANOFLARES POSTULATED BY
PARKER LONG AGO CAN BE IDENTIFIED WITH AQN DARK
MATTER ANNIHILATION EVENTS IN THE CORONA



