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UHECR: TOP-DOWN SCENARIOS
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X DECAY: ENERGY SPECTRUM
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SPECTRA OF PHOT0N9
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FRACTION OF P I 0 N S AMD NUCLBOMS

IN TH E DECAY SPECTRA OF SH PARTICLES
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PROBLEMS OF Z-BURST MODELS
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TOP0LOGICAL DEFECTS
SYMMETRY BREAKING IN EARL̂ f UNIVERSE RESULTS IN

PHASE TRANSITIONS (IXA.tUKfcHNITE 1 9 « . ) .

THEY ARE ACCOMPANIED BM TOPOLOGICAL DEFECTS .

D E P E N D I N G OK SYMMETRY BREAKING^EFECTS CAN

BE IN FORM OF SURFACES fDOMAIN WALLS), LINES (STRINGS),

POINTS (MCWOP0LES).

TD OF INTEREST FOR UHECR
• MONOPOLES - G~» H * UCO

• ORDlKIARV STRINGS^ Ufl) BREAKING

• MONOPOLES CONNECTED ^STRINGS:

e.£. NECKLACES Ztt="Z:t

• SUPERCONDUCTING STRIWGS I
M R M

PRODUCTION OF UHECR
• AMNIHILATfON OF MONOPOLES

H+M-»PARTON CASCADE-^PIONS^PHOTONS+NEUTR\NOS

» SUPERCONDUCTING STRINGS

X-» PARTON CASCADE -> PIONS-* JT+V
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Figure 1. When a body of water freezes over, ice begins forming in many places independently. As the frozen areas grow, they create irregular boundaries
between areas of crystalline ice that have different orientations .Phase transitions in the.early universe can likewise create topological detects, as regions
of space where the transition has proceeded independently run up against each other. The author discusses the possibility that today'suni verse may, as a
result, be riddled with high-energy, gravttalionally powerful filaments of primordial material called cosmic strings. Above, a simulation shows a siep in
the evolution of one «^ioti of the universe, in which cosmic strings form from a random initial distribution of phases of a hypothetical field called a Higgs
field. (Image above courtesy of Pan! Sheliard, Cambridge University.)

Figure 2. In a simple model of symmetry breaking, 1 he initial symmetric ground stale aT (he Higgs field (yellow dot) can fall mlo me left- or right-hand
valley of an energy potential (lighl and dark dots), just as a diner can choose a wine glass from either the left or the right side In a cosmic phase
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FIG. 1. String network formation in the Abelian-Iliggs model using gradient flow (diffusive)
evolution. Given random initial phases, a symmetry-breaking phase transition occurs, strings form
and then begin to evolve in a, scale-invariant manner (the correlation length is L oc t^2). This
dissipative evolution is used to create the initial configuration for a string network with a specified
L for subsequent relativistic evolution.
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NECKLACES
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OBSERVATIONAL CONSEQUENCES
• SH RELIC PARTICLES ARE ACCUMULATED IN THE
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VIOLATION OF LORENTZ INVARIANCE (L I )
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SPONTANEOUSLY BROKEN L.I . AND

MODIFIED DISPERSION RELATIONS
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MODIFIED DISPERSION RELATIONS
AND THRESHOLD oF REACTIONS.
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