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SuperGZK NEUTRINOS (E >10"¢V)
MOTIVATION: SPACE DETECTORS (EUSO and OWL)
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SuperGZK NEUTRINOS: SOURCES

® ACCELERATION to E>10%°eV IS A CHALLENGE
FOR ASTROPHYSICAL MECHANISMS.

® TOPOLOGICAL DEFECTS and SUPERHEAVY DARK
MATTER NATURALLY PROVIDE THESE ENERGIES.

—> DECAY OF SUPERHEAVY PARTICLES (DM and
TD) ET"~0.1m,

—> CUSPS IN SUPERCONDUCTING STRINGS.

—> RADIATION BY MONOPOLES IN NETWORKS



V.B., X.Martin A Vilenkin PR DST,1024,997

MONOPOLES CONNECTED RV STRINGS
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DUE TO CosMOLOGICAL EVOLUTION MONOPOLES RECOME
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RADIATION OF HEAVY GAUVGE BOSONS
CLASSICALLY MOVING MONOPOLE RADIATES QLANTLM FELD
MONOPOLE HAS CHROMOMAGNETIC CHARGE g,

(D-«—-Hz')A =d"r( 3

CLASSIcAL CURRENT h, % 8°Ce- \’“(é))
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FOR ONE -DIMENS(OM MOTION THEBRE ARE ONLNY TWO
COMPONENTS , Ao AND A,.
RADIAL FLULX:
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SUPERCONDUCTING CUSPS
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LUSP 1S A POINT ON A STRING MOVING WITH N=C

ORIGIN OF CUSP
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MIRROR MATTER AS A HIDDEN
NEUTRINO SOVURCE



THEORETICAL CONCEPT OF MIRROR
MATTER

Lee and Ya.ng 1856 _ Landaw 1957 ,6alam 1853

Kobzatev ,Pemeranchuk und Orun 196C

ASSUMPTION®

PARTICLE (HILBERT) SPACE 15 A REPRESENTATION OF
EXTENDED LORENTZ GROUP

EXTENDED LORENTZ GROUP INCLUDES REFLECTION

X— =X

IN PARTICLE SPACE IT CORRESPONDS TO INVERSION

OPERATION 1T, N

IN EMPTY SPACE REFLECTION X=X AND TIME SWIFT

t-> t+At COMMUTE.

IN THE PARTI(CLE SPACE THE CORRESPONDING

OPERATORS MUST COMMUTE ,TOO

[X,I.]=0
L.e. EIGENVALUE OF 0PERATOR I, MUST BE CONCERVED
I,.=P (PARITY OPERATOR ) 15 NOT CONSERVED
DERNITION: PW(G) = 8, WlKo, XD} PR(Xu) =% P(Xo,~X)

o Llee and Yang: T =PR WHERE R TRANSFERS
PARTICLE 10 THE NEW STATE (MIRROR PARTICLE)

e Landawu: I.=PC ,wuere C TRANSFERS PARTICLE
TO AMVTIPARTICLE. THIS HYPOTHESIS HAS REEN
DISMISSED RN DISCOVERY OF CP VIOLATION.



MIRROR PARTICLE SPACE |5 GENERATED BY
RS-TRANSFORMATION WITH THE SAME PARTICLE CONTENT
AND m-re&Acﬂows (sw MMETRLES), SlvcE L— R Aupk-*t.’
(eg. T, W.(¢, X)= \Pk(t —X))  SU, (XU~ 50 (RYxOW
Witk NEW paotron (¥') AWD NEW GAVGE BOsOMS.

Kobzerrev, Pomeranchuik amd Owuuwn SUGGESTED
THAT ORDIVARY ALD MIBRROR SECTORS COMMUNICATE
oMLY GRAVITATIEN ALY , THE MIBROR. MATTER (N THE
UMIVERSE MHAY EX\ST AS THE MIRROR STARS

ALUD MIRAROR GALAKIES,

COMMUNICATION TERMS CAN BE WRITTEN e.9. AS

L comm= i, (4.0) (¥a®) (

— A - * L g

wuere Y =(£,_3,) AND V= (@, -6 )
AFTER. S5B (1) RESULLTS IN MIXING OF ORDIVARY
AND MlarOR (QTEPALE) NEVLTRINOS,

VEW A

V.V

My =R
FOR. OTHER PARTICLES Vew/Mpp 15To0 SHALL (W
COMPARISON W(TH THEIR MHASSES
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THE MOST GENERAL NEUTRINO MASS MATRIX

It

. 1 "M m
Ly mass = “2"(1’ V’) ( nt A ) ( :j/ ) + h.c.

where M and m are 3 x 3. matrices.

MIRROR SYMMETRY GIVES M = M’.

ILLUSTRATIVE CASE OF TWO NEUTRINOS + AND +
2 \/, i \
( H \[3 )

DIAGONALIZATION RESULTS IN MAXIMAL MIXING

Sin20 = 1. my>= M, +pn AND Am? = 47/, .
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COSMOLOGICAL RESTRICTIONS: BING-BANG
NUCLEOSYNTHESIS

PROBLEM: additional light particles ', vg, v}, vy
T MUST BE SUPPRESSED
ONE-INFLATON MODEL (BDM)

r:p—>mirr < rqﬁ—»ord

T;Z =4/ MMp) < T = v/ I Mp,

TWO-INFLATON MODEL (V.B., Vilenkin 2000)
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MIRROR DENSITY IS INFLATED BY ¢: T'<T
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MIRROR TOPOLOGICAL DEFECTS

DENSITY OF MIRROR TDs CAN BE MUCH LARGEK
THAN THAT OF ORTDINARY TDs.

/ /
9’“4-“’ LAS)‘““e , St >3Sto

HOW IT CAN BE [F ORDINARN AND MIRROR SECTORS ABRE SYHMETR(

TWG-INFLATON SCENARIO CREATES NON-SYMMETRIC (NMAL
CoMDITIONS,

GURVATURE-DRIVEN PHASE TRANSITION
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2 mg
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UHE NEUTRINOS FROM MIRROR TDg

CALCULATION OF MIRRDOR V-FLLX FROM TD (S (DENTICAL
TO TUE CAGE OF ORDINARY NEUTRINOS

FROM ALL PARTICLES PRODUCED BY X, ~DECAYS ONLY Vs

{ ol

(Due TO me—" act osc.lu,ATlous) ARE VLSH?;:E,
E E E 110 2V

PROBABILITY OF osciLLATION ! Py o =1/2

UPPER LIMIT ON MIRROR NEUTRINO FLUX
V+VU =»Z°s hadrong —e-m cascade

1t
ms 21 [ 0,23l
= = |.B8'(0 V
Eo T, 1.3 ( - )e,
n, =Y 6 ny. T, € Eo

TUE STRONGEST LIMIT IS IMOPED BY LIGHTEST NEUTRINO,
IF Ey=m/am, I5 AVAILARLE

RATIO OF UPPER LIMITS :

mert

Iy (Eo) :8 'Gtot 1

3
v v - 4.3:10
Iv (E o) 'Fk O Nyt
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SUPERGZK NEUTRINO FLUXES
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E3J(E) (evzm"‘qs—lsr“"l)

SUPERG?-K NELUTRINOS FRoM SHDM
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EPJ(E) (eVim™257tsr—1)
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CONCLUSIONS

e HE NEUTRINOS IS A TRACER OF HE PHENOMENA

IN THE UNIVERSE: ACCELERATION TO HE,
DECAY AND ANNIHILATION OF HEAVY PARTICLES.
TECHNICALLY, HE NEUTRINO ASTRONOMY IS
A SEARCH FOR HIGH ENERGY PIONS IN THE
SOURCES.

SEVERAL TASKS OF HE NEUTRINO ASTRONOMY
ARE AIMED TO FUNDAMENTAL PHYSICS: |
() DETECTION OF HE  NEUTRINOS
FROM THE SUN IMPLIES DISCOVERY OF DM AND
SUPERSYMMETRY

(i) DETECTION OF DIFFUSE FLUX OF SuperGZK
NEUTRINOS WITH FLUX HIGHER THAN
CASCADE LIMIT IMPLIES DISCOVERY OF MIRROR
SYMMETRY.

(iii) IT 1S POSSIBLE TO HAVE INDICATIONS FOR
TD’s AND SHDM

THE DETECTABLE DIFFUSE FLUXES CAN BE
PRODUCED BY CLUSTERS OF GALAXIES, AGN,
GRB, TDs, MIRROR MATTER etc
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e THE RIGOROUS UPPER LIMIT ON DIFFUSE
FLUXIS GIVEN BY CASCADE ENERGY DENSITY
MEASURED BY EGRET. THIS LIMIT DOES NOT
DEPEND ON HE PROTON SPECTRUM AND VALID
FOR NON-ACCELERATOR SOURCES. THE ONLY
EXCEPTION IS GIVEN BY HIDDEN SOURCES.

CR LIMITS(BASED ON OBSEVED CR FLUXES)
ARE LESS GENERAL (NOT VALID FOR MANY
SOURCES) BUT FOR SOME SOURCES THEY ARE
STRONGER THAN CASCADE LIMIT

SuperGZK NEUTRINOS AND EUSO ARE TESTING
MAINLY THE NEW PHYSICS: TDs, SUPERHEAVY
DM AND MIRROR MATTER.
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COSMOLOGICAL RESTRICTIONS: OSCILLATIONS

EVEN IF T/ « T STERILE NEUTRINOS ARE
PRODUCED DUE TO v — / OSCILLATION AND CAN
VIOLATE NUCLEOSYNTHESIS LIMIT.

BOUND ON Am?2 FOR MAXIMAL MIXING (strongest
fOF Ve):

Am2 ,<107° - 1078 eV?

THIS BOUND BECOMES MUCH WEAKER IN CASE OF
LARGE LEPTON ASYMMETRY L = (ny — ng)/n~

Am? < 4 x 10°|Le| eV?

NATURAL LEPTON ASYMMETRY IS L ~ B ~ 10710,
BUT L. ~ 102 IS NOT EXLUDED.
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