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SuperGZK NEUTRINOS
TESTING PHYSICS BEYOND SM
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20SuperGZK NEUTRINOS (£v>l(TW)

MOTIVATION: SPACE DETECTORS (EUSOandOWL)



SuperGZK NEUTRINOS: SOURCES

ACCELERATION to £ » 1020eV IS A CHALLENGE
FOR ASTROPHYSICAL MECHANISMS.

TOPOLOGICAL DEFECTS and SUPERHEAVY DARK
MATTER NATURALLY PROVIDE THESE ENERGIES.

DECAY OF SUPERHEAVY PARTICLES (DM and
TD)

CUSPS IN SUPERCONDUCTING STRINGS.

RADIATION BY MONOPOLES IN NETWORKS



MONOPOLES CONNECTED &VSTRINGS
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RADIATION OP HEAVV GAUGE BOSONS
CLASSICALLY MOVING MONOPOLE RADIATES QOANTUH F(ELJ>
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SUPERCONDUCTING CUSPS

CUSP IS A POO4T OH A STRING MOVING WiTH M

ORIGIN OF CUSP
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MIRROR MATTER AS A HIDDEN

NEUTRINO SOURCE



THEORETICAL COMCEPT or MIRROR
MATTER

195? ,

PARTICLE (HILBERX) SPACE IS K REPfcESEMTATION OP

EXTEh4DE"D LOKEMTZ GROUP
EXTENDED LORENTZ GROUP IMCLUDES REFLECTION

IN PARTICLE SPACE IT CORRESPONDS TO

OPERATION I r

EKPTV SPACE REFLECTION! X - ^ - X AM"DTIHE SHIFT

1M THE PARTICLE SPACE THE CORRESPONDING

OPERATORS MUST COMMUTE , TOO

I.e. EIGENVALUE OP OPERATOR I r MUST RE
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PARTICLE SPACE |<?
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THE MOST GENERAL NEUTRINO MASS MATRIX

M in \ ( v
' A/'

where M and m are 3 x 3.matrices.

MIRROR SYMMETRY GIVES M - M'.

ILLUSTRATIVE CASE OF TWO NEUTRINOS / AND

/ A/ , /*
/' A/,

DIAGONALIZATION RESULTS IN MAXIMAL MIXING

sin 20 - 1, m L 2 = M, ± ft AND A m 2 = 4A/,/i.
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COSMOLOGICAL RESTRICTIONS: BING-BANG
NUCLEOSYNTHESIS

PROBLEM: additional light particles 7', i/e,

V MUST BE SUPPRESSED

ONE-INFLATON MODEL (BDM)

, i/T

T'R = y/r'Mpi <TR=

TWO-INFLATON MODEL (V.B., Vilenkin 2000)

MIRROR DENSITY IS INFLATED BY <l>: T'<T
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MIRROR TOP0L0GIGAL
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UHE NEUTRINOS FROM MIRROR TDs
CALCULATION OP MIRB-OP, V-FLUX FR.OM TD

TO TUS CASE Of OfLT>\MARX HeUTZ-[t4O5

FR.OK ALL PARTICLES P&OT>UC~£T> &Y
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OF OSCILLATION I P ^ ^ =: </2-

UPPER LIHIT ON MIRROK NEOTRINO FUUX

'E

T«E STROMSE^T UMIT IS IMOP£T> BV LIGHTEST

IF E,,-M£/SLl'nv IS

OF UPPep. LIMITS:
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NEUTRINO FLUXES
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CONCLUSIONS

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:
(i) DETECTION OF HE NEUTRINOS
FROM THE SUN IMPLIES DISCOVERY OF DM AND
SUPERSYMMETRY
(ii) DETECTION OF DIFFUSE FLUX OF SuperGZK
NEUTRINOS WITH FLUX HIGHER THAN
CASCADE LIMIT IMPLIES DISCOVERY OF MIRROR
SYMMETRY.
(iii) IT IS 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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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 10 v -* v' OSCILLATION AND CAN
VIOLATE NUCLEOSYNTHESIS LIMIT.

BOUND ON A m 2 FOR MAXIMAL MIXING (strongest
for i/e):

Am2 , < icr 9 - i c r 8 ev2

THIS BOUND BECOMES MUCH WEAKER IN CASE OF
LARGE LEPTON ASYMMETRY L = {nv- np)/n~,

Am 2 < 4 x 102\Le\ eV2

NATURAL LEPTON ASYMMETRY IS Le ~ B ~ lO" 1 0 ,
BUT LP ~ 10 - 5 IS NOT EXLUDED.

20


