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LIBRA results and some mysterious events recorded by
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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 S50O-YEARS OLD MYSTERY: BARYOGENESIS
(SAKHAROV, 1967)

® MANY OTHER OBSERVED 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

I SPECIFICALLY FOCUS TODAY ON TWO CONSEQUENCES OF
THIS MODEL.:

1. OBSERVED DAMA-LIBRA ANNUAL MODULATION

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



AQN traversing the deep Earth interior.
The axion and neutrino emissions

thermalization
T ~ 100 keV

(I S

qq — CS Goldstones — (mw, K,n)

— Ve, Te ( E~ 15 MeV) Ll

ﬁ
Fermi Pressure

_
axion domain
wall pressure

=

bremsstrahlung
radiation with

E~T ~ 100 keV

Antimatter
color superconductor

will be quickly R~ 10"%cm, B ~ 10%
absorbed in deep axion emission
underground (Ve) = 0.6 c



3. DAMA/LIBRA ANNUAL MODULATION.
AN OVERVIEW

® DAMA/LIBRA (DL) EXPERIMENT CLAIMS THE
OBSERVATION FOR AN ANNUAL MODULATION IN (2-6) KEV
RANGE AT 12.9 SIGMA;

® THE MEASURED PERIOD (0,999 -+ 0,0()l) AND THE
PHASES (145 + 5) STRONGLY INDICATES THE DM ORIGIN
OF THE MODULATION;

® HOWEVER THE ANNUAL MODULATION OBSERVED BY DL IS
EXCLUDED BY OTHER DIRECT DETECTION EXPERIMENTS IF
INTERPRETED IN TERMS OF THE WIMP-NUCLEI
INTERACTIONS
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4. DL ANNUAL MODULATION AND AQN MODEL

B THE GOAL HERE IS TO OFFER A RESOLUTION (WITHIN AQN
FRAMEWORK) OF THE DL CONTROVERSY.

¥ OUR BASIC CLAIM IS THAT THE ANNUAL MODULATION
OBSERVED BY DL HAS TRULY GENUINE DM ORIGIN, THOUGH
IT IS MANIFESTED INDIRECTLY THROUGH THE FOLLOWING

CHAIN:

AQN — (neutrinos) — (surrounding neutrons) — DL.

# IMPORTANT: WE SHALL NOT MODIFY ANY PARAMETERS FROM
OUR PREVIOUS STUDIES (EXCESS OF GALACTIC EMISSION,
PRIMORDIAL LITHIUM, SOLAR CORONA HEATING) TO FIT DL

® IN PARTICULAR, THE NEUTRINO SPECTRUM AND INTENSITY
EMITTED BY AQNS (WHICH EVENTUALLY DETERMINE (1 — 6) keV
ENERGY RECOIL) HAVE BEEN COMPUTED LONG AGO FOR
COMPLETELY DIFFERENT PURPOSES



TOTAL HIT RATE FOR ENTIRE EARTH’S SURFACE IS:

: 1 [ pDM (VAQN) ( liDEs )
N) ~0.67s " — .
W) 0357 ) | 220 = | \ (B)

THE CORRESPONDING NEUTRINO FLUX IS ESTIMATED AS

C‘ft];fz ~ 0.6 - 10° - &, - (<<ABI§>) Cmﬁ.s’ (%) i

PARAMETER Ky DESCRIBES THE NUMBER OF PRODUCED
NEUTRINOS PER SINGLE ANNIHILATION EVENT (WITH B=1)

IT IS INSTRUCTIVE TO COMPARE THE AQN-INDUCED FLUX
WITH THE (SOLAR) FLUX IN THIS E,; S 15MeV  ENERGY
BAND. THE LARGEST FLUX COMES FROM °B WHICH IS ABOUT

Boea i h 0 (e o=



THE NEUTRINO SPECTRUM [F,; < 15MeV IS BASICALLY

DETERMINED BY THE MASSES OF THE NAMBU-GOLDSTONE
BOSONS IN CS PHASE (COMPUTED LONG AGO), SEE SLIDE:

My kn(CS) ~ 20 MeV to be contrasted with m, ~ 140 MeV

B THE NEUTRINO AQN-INDUCED FLUX COULD BE ONLY
SLIGHTLY BELOW THAN 83 DOMINANT V¢ SOLAR FLUX IN
THIS ENERGY BAND EVEN AT Ky ~ 10| IT Is NOT RULED ouT
BY ANY EXPERIMENT.

® THE KEY POINT IS AS FOLLOWS: THE AQN-INDUCED L/,
SUBDOMINANT FLUX IS THE SUBJECT TO THE ANNUAL
MODULATION AS IT HAS INHERENT DM ORIGIN. IT CAN BE
DISCRIMINATED FROM THE SOLAR ® B -GENERATED I/, FLUX



AQN traversing the deep Earth interior.
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THE AQN-INDUCED NEUTRINOS WILL LIBERATE THE
NEUTRONS FROM SURROUNDING ROCKS WITH THE RATE:

raQN 072 .,

v L

neutron
Y |day -m3 |’

THE TYPICAL ENERGY DISTRIBUTION (WITH A SHARP
CUTOFF) OF THESE NEUTRONS WILL BE

%
Pn

e ~ 10% keV, LI 82
S ¢ Baiedip i)

2
THE SHARP cUTOFF ~ 10° keV 1s DETERMINED BY THE Ve
ENERGY (WHICH ITSELF IS DETERMINED BY NG) ~ 15 MeV

® WE EMPHASIZE AGAIN: ALL THESE SCALES HAVE NOT BEEN

“INVENTED” TO FIT THE RECOIL ENERGY OBSERVED BY DM
MODULATION SIGNAL AF il ~ (1 —6) keV



WE ESTIMATE THE ENERGY TRANSFER AJF AS A RESULT OF
ELASTIC SCATTERING WHEN M9 >~ 23 M1 IS SODIUM MASS

FOR THE LIGHTEST Na NUCLEON FROM DL DETECTOR:

mimo

aE— O F
(m1 + mo)?

(1 — cosfcnm) ~ 8.6 keV (1 — cosbcnm) -

THE RECOIL ENERGY CANNOT EXCEED THIS VALUE, WHICH
IS AMAZINGLY CLOSE TO 6 KEV CUTOFF OBSERVED BY DL.

INTENSITY: THE DL OBSERVED MODULATION

counts
DL total modulation ~ 10
day
TO BE COMPARED WITH
3
neutrons L

AQN — induced modulation ~ &, —
day 10 m



THE PARAMETER [, IN THIS FORMULA DESCRIBES THE
EFFECTIVE VOLUME FROM SURROUNDING ROCKS WHEN THE
NEUTRONS MAY AFFECT THE DL DETECTOR’S COUNT.

IT IS VERY HARD NUCLEAR PHYSICS PROBLEM TO COMPUTE
THE L (DUE TO THE RESONANCES). THE PARAMETER L
MUST BE MEASURED.

THE PREDICTION IS CONSISTENT WITH DL COUNTING FOR
PARAMETER Ky "V 10 (NUMBER OF NEUTRINOS FROM A
SINGLE EVENT OF THE AQN-ANNIHILATION)

THE AQN-INDUCED NEUTRINO FLUX IS BY FACTOR (5-10)
LOWER IN COMPARISON WITH SOLAR 8B. HOWEVER, THE
KEY POINT IS THAT THIS SUBDOMINANT NEUTRON AQN-
INDUCED COMPONENT IS SUBJECT TO ANNUAL MODULATION



SEVERAL NEW EXPERIMENTS MAY SOON RESOLVE THIS
CONTROVERSY RELATED TO DL OBSERVATIONS.

1. THE COSINE-100 COLLABORATION USES THE SAME
TARGET MEDIUM (SODIUM IODIDE). IT IS INCONSISTENT
WITH DL RESULTS IF INTERPRETED IN TERMS OF THE
WIMP-NUCLEI INTERACTIONS

2.CYGNO IS CAPABLE TO MEASURE THE DIRECTIONALITY. IT
IS EXPECTED TO BE INSTALLED AT LNGS BY FALL 2021.
THEY WILL MEASURE ENVIRONMENTAL NEUTRON FLUX
(INCLUDING DIRECTIONALITY, AND TIME MODULATION)

3. THE ANAIS-112 COLLABORATION ALSO USES THE SAME
TARGET MATERIAL. THE GOAL IS TO REACH THE SENSITIVITY
AT LEVEL 30 FOR 5 YEARS OF DATA. PRESENT SENSITIVITY:

2.5 (2.7)o for 1 — 6 (2 —6) keV



T syeaﬁcaﬁy reclueswc[ (and was ]oromisec{) to collect some
data without neutron Sﬁie[di’ng, which may prevent the
AQN-induced neutrons (genemu’ng the annual modulation)
to enter the detectors
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5. COMMENTS ON DL AND OTHER EXPERIMENTS

THE MOST OTHER EXISTING EXPERIMENTS EXCLUDE DL SIGNAL
IF INTERPRETED IN TERMS OF WIMP MODELS;

® VERY DIFFERENT NEUTRON SHIELDINGS ARE USED IN
DIFFERENT EXPERIMENTS;

® RECOIL ENERGY FOR HEAVIER TARGETS (SUCH AS XENON)
COULD BE BELOW THRESHOLD;

® NEW EXPERIMENTS SUCH AS COSINE-100, CYGNO,
ANAIS-112 MAY CONFIRM THIS PROPOSAL ON ANNUAL
MODULATIONS IF THE NEUTRON SHIELDING IS REMOVED

@ IT CAN BE TESTED BY MEASURING THE DIRECTIONALITY,
MODULATION AND INTENSITY OF THE SURROUNDING NEUTRONS



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 LIGHTNINGS—» 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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Cosmic-ray detector might have spotted nuggets of dark matter

21 Jan 2021

Scanning the sky: the Middle Drum facility of the Telescope Array observatory in the Utah desert. Could

anomalous signals seen by the observatory be evidence for axion quark nuggets? (Courtesy: Ben
Stokes/University of Utah)




7. MYSTERIOUS BURSTS AS THE AQN
ANNIHILATION EVENTS UNDER THUNDERSTORM

B WHEN THE AQN PROPAGATES IN ATMOSPHERE IT EXPERIENCE
A LARGE NUMBER OF ANNIHILATION EVENTS WITH
SURROUNDING MATERIAL. INTERNAL TEMPERATURE: 1T ~ 10 keV

® 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

B 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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CONCLUSION

"TNON- 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: Qdark 5 Qvisible IS VERY GENERIC CONSEQUENCE
OF THIS FRAMEWORK (NO SENSITIVITY TO AXION MASS ma, .
NOR TO THE MISALIGNMENT ANGLE HinitiaJ)' IT IS THE
DIRECT CONSEQUENCE OF THE FRAMEWORK WHEN THE DARK
MATTER AND VISIBLE COMPONENTS ARE PROPORTIONAL TO
ONE AND THE SAME FUNDAMENTAL AQCD 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, DL ANNUAL MODULATIONS, ETC




@ THE LONG STANDING PUZZLE ON DL OBSERVATION OF THE
ANNUAL MODULATION (12.9 siGMA CL) MAY FIND A
NATURAL RESOLUTION WITHIN THE SAME AQN FRAMEWORK;

® ALL ENERGY SCALES WHICH ENTER THE PROBLEM HAVE NOT
BEEN “INVENTED” FOR EXPLANATION OF THE DL SIGNAL.
INSTEAD, ALL THE RELEVANT SCALES [LEADING E.G. TO THE
OBSERVED (1-6) KEV RECOIL ENERGY] HAVE BEEN
ESTABLISHED LONG AGO IN UNRELATED STUDIES FOR
DIFFERENT PURPOSES IN A DIFFERENT CONTEXT.

® THIS MODEL ALSO PREDICTS LARGE (~20%) DAILY
MODULATIONS. THIS PREDICTION IS PRESENTLY ANALYZED
BY THE CAST-CAPP COLLABORATION WITH AXIONS.

B CAST-CAPP USES THE AXIONS EMITTED BY AQN INSTEAD
OF I/ WHICH IS RELEVANT FOR THE DL STUDIES: IV — T



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

“Baryogenesis” —_
A . ——— | Dark Matter
(charge separation)

Primordial
. . _
Lithium Puzzle —— > Solar corona

Mystery
bursts

modulation

_"! We need to discover
| the axion to unlock |
- all these mysteries |
. (simultaneously)

AQN
/ Q
sky-quakes /

XMM-Newton
seasonal variations




