DM and Matter-Antimatter asymmetry as two
sides of the coin: theory, observations and future
experimental searches.
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1. THE DM AND BARYOGENESIS AS TWO SIDES
OF THE SAME COIN

® THERE ARE TWO (APPARENTLY UNRELATED) STORIES:

® 1. 80-YEARS OLD MYSTERY: THE NATURE OF DARK
MATTER (ZWICKY 1937)

® 2. ANOTHER 50-YEARS OLD MYSTERY: BARYOGENESIS
(SAKHAROV, 1967)

® THERE ARE MANY OTHER OBSERVED (NAIVELY
UNRELATED) PUZZLES ... TO BE MENTIONED TODAY



Fritz Zwicky and Vera Rubin




Sakharov formulated precise
criteria when such
baryogenesis is possible:

|. There must be B-violation;

2. There must be C and CP
violation;

3. There must be out -of -
equilibrium dynamics

Sakharov

;' 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-0DD 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 | SPECIFICALLY FOCUS ON TWO CONSEQUENCES OF
THIS CONSTRUCTION:

1. BROADBAND AXION SEARCHES:;

2. RECENTLY OBSERVED MYSTERIOUS TELESCOPE ARRAY
BURSTS.




2. TWO (NAIVELY UNRELATED) MYSTERIES:
DARK MATTER AND BARYOGENESIS.

2 1.“NAIVE” MORAL: DARK MATTER REQUIRES NEW
(UNKNOWN) FIELDS SUCH AS WIMPs

o 2. “NAIVE” MORAL: NEW FIELDS MUST BE NONBARYONIC.
ARGUMENTS COME FROM STRUCTURE FORMATION
REQUIREMENTS, BBN, DECOUPLING DM FROM RADIATION,
ETC

B THIS PROPOSAL: INSTEAD OF ‘“NEW FIELDS” =
“NEW PHASES’” (DENSE COLOUR SUPERCONDUCTOR) OF
“OLD FIELDS”

® INSTEAD OF ‘“BARYOGENESIS”? =3 ‘SEGREGATION OF
CHARGES” OF CONVENTIONAL FIELDS (QUARKS) AT 0 # (



® THE IDEA THAT THE DM couULD 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 G /M IS SMALL.
THEREFORE, THE NUGGETS ARE QUALIFIED AS DM
CANDIDATES

o sz THERE WERE MANY PROBLEMS
e - 1( ) WITH THE ORIGINAL 1984-
M oram WITTEN’S IDEA:
1. THERE IS NO FIRST ORDER
E Witten PHASE TRANSITION IN QCD

2. FAST EVAPORATION
3. HARD TO ACHIEVE STABILITY
Ai=E STEC

NEW ELEMENT TO RESCUE THE NUGGET’S
IDEA: THE AXION. WE CALL THE OBJECTS
THE AXION QUARK NUGGET (AQN).




® 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-

i
NUGGETS. THE SIZE IS DETERMINED BY M, As R ~m,

A SMALL GEOMETRICAL FACTOR REPLACES A CONVENTIONAL
REQUIREMENT FOR A WEAK COUPLING CONSTANT. NUGGETS
ARE QUALIFIED AS THE DM CANDIDATES:

e~ S/V ~ B3 << 1 o/M < cm?/g

COSMOLOGICAL CP-ODD AXION FIELD GENERATES THE
DISPARITY BETWEEN TWwWO SPECIES AT 0 # 0 WHICH
IMPLIES THE SIMILARITY BETWEEN DARK AND VISIBLE
SECTORS: Slaapsrs O inpie i AQCD



Antiquark nugget structure. Source of emission

511 keV

X rays ~10 keV

(finite fraction)

Y~ 100 MeV - | GeV
(rare events)
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3. WHEN THE AQN HITS THE EARTH...

NUMBER OF AQNS HITTING THE EARTH SURFACE IS TINY. IT IS
VERY RARE EVENT IN COMPARISON WITH WIMPSs:

AN) _ 04 (10%N [ ppm (vaqn)
niee  km?yr \ (B) 0.3 220km/s /
CORRESPONDING AXION FLUX (AS A RESULT OF ANNIHILATION)

&
ma (PAN) ~ 101 —— |
CI11 =S

v, =~ 0.6c.

IT SHOULD BE COMPARED WITH CONVENTIONAL GALACTIC
AXIONS (MISALIGNMENT MECHANISM, DW DECAYS)

v
fON ) 7 Vet 10 3¢

aq)(galactic) Lo ~ 1016 (
e - Bt 0.3GeV/ cm?s ’

THE FLUX IS TWO ORDERS OF MAGNITUDE SMALLER... ONE
SHOULD STUDY SEPARATELY: RELATIVISTIC AQN-INDUCED
AXIONS AND GRAVITATIONALLY TRAPPED AQN-INDUCED AXIONS
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The main result of these computations is that the typical
velocity is very large (y,) ~ 0.6¢ Which should be
contrasted with galactic axions (v,) ~ 10~ "¢




4. BROADBAND DETECTION STRATEGY

AVERAGE VELOCITY OF THE AQN-INDUCED AXIONS IS VERY
LARGE (v,) ~ 0.6c . THE CORRESPONDING EM SIGNAL IS
EXPECTED TO BE VERY BROAD WITH A\ ~ I/ .

~ —9 ~
FOR EXAMPLE: IF Ma ~ 1.25-107"eV ~ 3 GHz g EM BAND
CORRESPONDS To V € (3 —5.4)GHz . IT sSHOULD BE
CONTRASTED WITH CONVENTIONAL CASE Av/v ~ Tom

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%):

(Ea><I>§QN(t) ~ 10 A(t) [ ey ] A= 1 + k) cos Qo GEREIS

cm?2s
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The annual modulations have been known for a long -long
time. The source of the annual modulation is the difference
in relative (with respect to the galactic wind) velocities
during the summer and winter. It leads to difference in
fluxes. The effect is estimated on the level of 10%



1. THE IDEA IS TO SEPARATE ENTIRE FREQUENCY BAND INTO A
NUMBER OF SMALLER FREQUENCY BINS AV

2. THE TIME DEPENDENT SIGNAL IN EACH FREQUENCY BIN HAS
TO BE FITTED ACCORDING TO THE DAILY OR ANNUAL
MODULATION TO EXTRACT FITTING PARAMETERS li(a), /{(d)

A(a)( ) = [1 -+ /ﬁj(a) COS Qa(t i tO)]? A(d)( ) = [1 - /ﬁj(d) COS(th =7 ¢0)]
38.LET US ASSUME THAT THE MODULATION IS RECORDED IN
SOME BIN, SAY : SUCH THAT K(q) 70 OR/AND K, # 0

4. ONE SHOULD CHECK THAT NO MODULATION APPEARS IN
OTHER BINS { # { , NO MODULATIONS APPEAR FOR ZERO
MAGNETIC FIELD B=0O. ONE SHOULD ALSO CHECK A PROPER
DRIFT OF THE PHASE ¢O WITH THE SEASONS (TO EXCLUDE ANY
SPURIOUS SIGNALS)

5. THERE ARE FEW OTHERS (MORE SOPHISTICATED CONSISTENCY
CHECKS) THAT THE SIGNAL IS NOT A SPURIOUS SIGNAL



5.0 — 7y conversion: galactic axions withv, ~ 107" ¢
versus AQN-induced axions with va ~ 0.6 ¢

“ The standard rate of conversion is given by

1 /gB\" L
Posry = (g ) Sin2(q7>7 QZW_\/WQ_W?U gNgva

(%%} q N fa,7T

** Resonant conversion corresponds to the case when (¢L) <« 1
and we arrive to usual form P, = v, '(¢BL/2)?

< For non relativistic axions one should multiply P, to the
axion flux to arrive to

ava a B . maL 2
@7:(’0 )Pa_w% P [g Slﬂ( 5 )] .

mgq Mq [ Mg

o <I>7 counts the number of microwave photons emitted per
unit time from unit area. It does not depend on U, at small Vg .



*** Now consider the AQN-induced axions with v, ~ C .
There are several crucial elements which lead to
dramatically different treatment of the relativistic axions:

“* 1. The conventional treatment assumes the coherent
conversion such that Pa—~ o< L Th|s scaling holds as
longas L < A where A~ (mqva) Lis De Broglie wave
length where conversion occurs. If coherence persists up
to scale | <« J, the coherence enhancementis L* — LI

2. It should be contrasted with v, ~ C case when one
should average over many cycles, I.e. sm?(%) —1/2

3. The conversion is a result of a single elementary process
when formation length is the Compton length [ ~ m_ * One
should sum over effective "layers” along the axion path
which produces factor Ll ~ Lm_ 1> 1 for Vg ~ C.



Therefore, conventional resonance formula for <I>7 is
replaced by

A 2
@,‘?QN(tot.) ~ §<I>§‘QN :

EE (maL).

Maq

Numerically, it can be represented as follows

2/ B\°/L\ bph
AN (tot.) &~ 0.1A4 (9—7) =
v (tot) 0.97) \107) \m ) m2day’

To detect such low rate requires single photon counters.

Important point here is that the enhancement factor A(t) could
be very large for a short period of time. For example, once a
day one should expect A(t) ~ 10* lasting for | second as a
result of a nearby passing AQN (at distance about 100 km).



< The power excess in unit volume is determined by

PAON (to1.) ~ A(t << 5\QN>m“> (gB>2(maL).

2 My,
% In conventional units it assumes the form

_ Watt g~ \ 2 B (L m 2
PAQN ~ 10-26 A(¢ I = 2 ,
7 (bot) ~ 10 (t) ( m? ) (0.97) 8 (10 Tesla) (m) (10—4eV)

It is instructive to compare this estimate with conventional
formula for the power excess

A
P, x 1072°Q (W /m?), =« 1, cavity type exp.
v

% The quality factor @, ~ 10° in resonance cavities is
absent in our case with v, ~ ¢ (no narrow resonances).



HOWEVER, ENTIRE LOGIC OF COLLECTING THE SIGNAL AND
DISCRIMINATING IT FROM THE NOISE AND SPURIOUS SIGNALS
IS DRAMATICALLY DIFFERENT FROM CONVENTIONAL TREATMENT
OF THE CAVITY TYPE EXPERIMENTS.

BROADBAND INSTRUMENTS COULD BE A REVOLUTIONARY STEP
TO IMPLEMENT THIS SEARCH STRATEGY AS IT EFFECTIVELY
REMOVES OR DIMINISHES MOST OF THE SPURIOUS SIGNALS

IN PARTICULAR, SEE TALK BY S.KNIRCK AT “PATRAS-2021” OR
TALK BY A. SONNENSCHEIN AT ‘“AXIONS BEYOND GEN2- 2021”
WORKSHOP (ON INSTRUMENTS SUCH ASs “BREAD”, “DISH
ANTENNA”, “SINGLE PHOTON COUNTER” ETC)

FURTHERMORE: THE CONVENTIONAL ANALYSIS ASSUMES THAT
THE GALACTIC AXIONS WITH ANY MASS SATURATES THE DM
DENSITY. IT OBVIOUSLY CANNOT BE THE CASE FOR LARGE 7,
WHEN /DM ™~ m;7/6 TO BE CONTRASTED WITH THE AQN MODEL
WHEN PDM ™~ PB FOR ANY T4



Few ﬁey comments on c[m[y MOC{‘U[OLH’OTLS

THE DAILY MODULATIONS FOR WIMPS OR ANY OTHER
FUNDAMENTAL PARTICLES (INCLUDING GALACTIC AXIONS)
ARE VERY TINY. INDEED, ADDITIONAL VELOCITY Is 0.5 km/s
TO BE COMPARED WITH VELOCITY OF GALACTIC WIND220 km/s

THIS IS THE MAIN REASON WHY THE DAILY MODULATIONS
WERE LARGELY IGNORED IN THE PAST.

IT SHOULD BE CONTRASTED WITH THE AQN PREDICTION
WHEN THE DIFFERENCE IN SIZES (AQN IS A COMPOSITE
OBJECT) AT THE MOMENT OF ENTRY AND EXIT OF THE
EARTH’S SURFACE ALTERS THIS CONCLUSION.

WORK IN PROGRESS: WE ARE TRYING TO INCORPORATE
THESE IDEAS ON DAILY MODULATIONS BY USING THE CAST-
CAPP DATA




6. TELESCOPE ARRAY MYSTERIOUS BURSTS

® TELESCOPE ARRAY (TA) EXPERIMENT [ABBASI-2017] HAS
RECORDED SEVERAL BURSTS OF AIR SHOWER-LIKE EVENTS.
THIS BURSTS ARE VERY DISTINCT FROM CONVENTIONAL
SINGLE SHOWERS, AND ARE FOUND TO BE 100% CORRELATED
WITH THUNDERSTORM. THE UNUSUAL FEATURES ARE:

£ “cfuswﬂng]auzzﬁz”: 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 10°eV ENERGY RANGE (BASED ON FREQUENCY OF
APPEARANCE), WHILE INTENSITY sucGEsTs 107eV;



“cuwaturejouzzﬁe”: ALL BURST EVENTS ARE MUCH MORE
CURVED THAN USUAL CR AIR SHOWERS. ALSO: THE EDGES

IN WAVEFORMS ARE DRAMATICALLY DIFFERENT, “ec[ge

Jouzzfe” (SEE TWO NEXT SLIDES);

“Syncﬁronizau’on (with thunderstorm) ]ouzz[é”: 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 (BOKM).
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7. MYSTERIOUS BURSTS AS THE AQN

ANNIHILATION EVENTS UNDER THUNDERSTORM

WHEN THE AQN PROPAGATES IN ATMOSPHERE IT EXPERIENCE
A LARGE NUMBER OF ANNIHILATION EVENTS WITH
SURROUNDING MATERIAL

IF THE AQN HITS THE REGION UNDER THUNDERCLOUD THE
WEAKLY BOUND POSITRONS LOCALIZED AWAY FROM THE
NUGGET’S CORE MAY BE LIBERATED BY PRE-EXISTING
ELECTRIC FIELD E~KV/CM WHICH IS KNOWN TO EXIST

AS A RESULT OF STRONG ELECTRIC FIELD THE POSITRONS
WILL ACCELERATE TO ENERGIES ~ 10 MEV ON SCALES OF
ORDER [, ~ 100 m (so CALLED AVALANCHE SCALE)

THE MEAN FREE PATH FOR SUCH ENERGETIC POSITRONS IS OF
ORDER SEVERAL KM, SO THEY CAN REACH THE TA DETECTOR



Instant direction of the electric field at the moment of exit

Ao >~ (Ui> ~ (.1 — the angular spread
-

ey

As S

As - Spatial spread on the surface, observed by TASD



B THE POSITRONS TRAVELLING THE DISTANCE 7 THE SPATIAL
SPREAD /\ S IS ESTIMATED AS

A« . 1 km r
cosae/) cosa \10 km

B THE TIME SPREAD OF THE ARRIVING PARTICLES IS DETERMINED
BY AT AND ESTIMATED AS FOLLOWS

As ~r

Ar r
At ~ — ~ : : (
t 3us - (tan «) T

) where Ar ~ rtan aAa«
C

B IMPORTANT: THE BAsSIC scALE Is V| =~ (.1lc wHICH 1s NoT
PRESENT IN CONVENTIONAL CR ANALYSIS

(2At) varies (0 — 8)us when (2As) changes between (0.5 — 2) km

B IT IS CONSISTENT WITH OBSERVATIONS. IT REPRESENTS
RESOLUTION OF “tﬁe Curvaturejouzzl’e” WITHIN AQN MODEL
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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 “Syncﬁronizaﬁonjouzzk”.

THE AQN TRAVERSES A SHORT DISTANCE ~O.25KM DURING THE
BURST 1()” °S WHICH IS TREATED AS A CLUSTER OF EVENTS
WHEN THE ELECTRIC FIELD FLUCTUATES ON THE SCALE OF

ALONG THE AQN’s paTH 107 %5 (IT RESOLVES “cfuswringjauzzfe”)

OCCURRENCE OF 3+ INTENSE EVENTS DURING 10_33 IN 1KM
AREA IS HARD TO EXPLAIN WITH CONVENTIONAL CR ASSUMPTION

(IT RESOLVES “c(uswm’ng }ouzzfe”)

CONVENTIONAL CR SHOWERS HAVE AN ULTRA RELATIVISTIC
PARTICLE (SHARP EDGE IN WAVEFORMS). LARGE NUMBER OF

POSITRONS PRODUCE NON-SHARP EDGE, RESOLVING “ec[ge]ouzzfe”
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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 Atpyst = 1 mS. ONE SHOULD EXPECT MORE
EVENTS WITHIN THE BURSTS WHEN At st 1S 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 v € (0.5 — 200)MHz
WITH AMPLITUDE |E|~20 (mV/m) OF THE CORRESPONDING
ELECTRIC FIELD AND ITS DURATION 7 ~ 0.3us AT
DISTANCE R ~ 10 km



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)

Qolark ey Qvisible IS VERY GENERIC CONSEQUENCE
OF THIS FRAMEWORK (NO SENSITIVITY TO AXION MASS 17}, »
NOR TO THE MISALIGNMENT ANGLE (iitiq )- IT IS THE
DIRECT CONSEQUENCE OF THE FRAMEWORK WHEN THE DARK
MATTER AND VISIBLE COMPONENTS ARE PROPORTIONAL TO
ONE AND THE SAME FUNDAMENTAL Agcp SCALE.

THIS MODEL OFFERS A SIMULTANEOUS RESOLUTION OF A
NUMBER (NAIVELY UNRELATED) OLD MYSTERIES: DM,
BARYOGENESIS, SOLAR CORONA MYSTERY, PRIMORDIAL
LITHIUM, TELESCOPE ARRAY MYSTERIOUS BURSTS, ETC



THE AXIONS WILL BE INEVITABLY PRODUCED EACH TIME WHEN
THE ANNIHILATION EVENT HAPPENS BECAUSE THE AXION
FIELD PLAYS A KEY ROLE IN CONSTRUCTION OF THE AQNS
(PLAYS ROLE OF A SQUEEZER). THE TYPICAL AXIONS HAVE THE
VELOCITIES U, =~ 0.0 ¢ .

BROADBAND DETECTION TECHNIQUE MUST BE IMPLEMENTED
TO SEARCH FOR SUCH AXIONS.

DAILY MODULATION IS A POWERFUL TOOL TO ANALYZE THE
DATA TO REMOVE SPURIOUS AND NOISE SIGNALS (WORK IN
PROGRESS WITH CAST-CAPP DATA).

THE DISCOVERY OF THE AXIONS WITH U, =~ 0.0 ¢ wiLL BE
DIRECT MANIFESTATION OF THE AQN FRAMEWORK (IN
CONTRAST WITH INDIRECT OBSERVATIONS SUCH AS
BARYOGENESIS, LITHIUM PUZZLE, SOLAR CORONA MYSTERY,
GALACTIC 511 KEV, XMM -NEWTON SEASONAL VARIATIONS,
ETC)




Qda,rk ~ Qvisilole <+—  —» ANITA anomalous events

“Baryogenesis’
78 . &—— —— > Dark Matter
(charge separation)
Primordial
i - ——
Lithium Puzzle Solar corona
Mystery
TA mysterious — DL annual
+—— .
bursts modulation
— AQN | We need to discover !
sky-quakes / | the axion to unlock |
- all th m ri |
XMM-Newton | 27 these mysteries |
N . (simultaneously) |
seasonal variations e e




