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UHECR:TOP-DOWN SCENARIOS
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NOT MUCH SPACE (6 LEFT: E>( (0" eV

CENERAL REGUIREMENTS
e TO EXPLAIN EVENTS AT E>1(0%CeV

o TO EXPLAIN CORRELATIONS WITH BL Lacs



OVERVIEW

» NEW SIGNAL CARRIERS
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MOTIVATION }
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o« SUPERHEAVY DM

QUASISTABLE PARTICLES WiTH My>i1.(0'2GeV
ProbuceD AT INFLATION AND ACCUMULATED
IV GALACTIC HALO.
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X DECAY: ENERGY SPECTRUM
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CALCULATION OF GPECTRUM

MC SIMDLATION
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SPECTRA OF PHOTONS
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SPECTRA OF PROTONS
AT THE DECAY OF SY PARTICLE
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FRACTION OF PIONS AND NUCLEONS
IN THE DECAY SPECTRA OF SH PARTICLES
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PROBLEMS OF Z-BURST MODELS
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TOPOLOGICAL DEFECTS

SYMMETRY BREAKING IN EARLY UNIVERSE RESULTS IN
PHAGE TRANSITIONS (D.A.KIRZHNITZ 19%2).
TUEY ARE ACCOMPANIED BY TOPCLOGICAL DEFELTS.

» DEPENDING ON SYMMETRY BREAKING , DEFECTS CAN
BE IN FORM OF SURFACES (DOMAIN WALLS) LINES (STRINGS),
AND POINTS ( MONCPOLES),

D OF INTEREST FOR UHECR
MONOPOLES: G— HxU®)
ORDINARY STRINGS: VM) BREAKING
MONOPOLES CONNECTED &Y STRINGS: G=>HxUM) > HxZ,,
€.9. NECKLACES Z,=Z,

SUPERCONDUCTING STRINGS M CD M

M K M
PRODUCTION OF UHECR

ANNIHILATION OF MCNOPOLES
M+M —>» PARTON CASCADE —»PIONS —~ PHOTONS+NEUTRINOS

SUPERCONDUCTING STRINGS

dp

= - eE - pr

dt > J=e et j"‘emx ——8— P.=0
e

A PARTON CASCADE ~ PIONS— ¥+ Y N
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Figure 1. When a body of water freezes over, ice begins forming in many places independently. As the frozen aress grow, d;c% create irrepuiar boundaries
between areas of crystalline ice that have different orientations .. Phase transitions in the.early universe can ikewise create ogical detects, as regions
of space where the ransition has proceeded independently run up against each other, The sut possibiiity uUmVerse may, 4s 3
result, be riddled with high-energy, gravitationally powerful filaments of primordial materjal called cosmic strings. Above, a simulation shows & step in

tite evolution of one region of the universe, in which cosmic strings form from a randon: initial distribution of phases of a hypothetical field calied a Higgs
field. (Image above cowtesy of Paul Sheliard, Cambridge University.)

Figure 2. In a simple model of synumelry breaking, the initial Symmetnic ground state af the Higgs field (vellow dotf can fall into the lefl- or right-hand
valley of an energy potential (Tight and dark dots/, just as a diner can choose 8 wine glass from either the left or the right side. In a cosimic phase




FIGURES

FIG. 1. String network formation in the Abelian-Fliggs model using gradient flow (diffusive)
evolution. Given random initial phases, a symmetry-breaking phase transition cccurs, strings form
and then begin to evolve in a scale-invariant manner {the corrclation length is L o t'/2). This
dissipative evolution is used 1o create the initial configuration for a string network with a specified
L for subsequent relativistic evolution.
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UHECR FROM SUPERHEAVY DM

e PRODUCTICN AT POST-INFLATION EPOCHS
(L) VARIATY OF MECHANISMS AT PREHEATING
{ii) PRODUCTION BY TIME=-VARNING GRAVITATIONAL FIELD
NO COUPLING WITH INFLATON , X CAN BE GTER(LE !
PARTICLE MASS My COULPLES TO EXPANDING METRIC

2
t
~ > ERX
¢ = 3'- CONFORMAL. COLPLING

CREATION OCCURS WHEN HE)~ My |
SIcE RO £mMy~ 1006V | m, 210'%cev
e.g. My~2-30'°6V rResuLTs v SL, h*~0.4

o

e LIFETIME Tx > 10 Z,r
e.%. DISCRETE -CAVGE SYMMETRY PROTECTION
MANY PARTICLE CANDIDATES

» ACCUMULATION IN THE HALO

. . ) T n"m-‘v 9“9 5
C A0Okpe  DE o Semm g o
n)‘ QC‘D&?M

. ' NO GZK CUTOFF!

e CALCULATED ANGULAR CLUSTERING AGREES WITH
PATA.

e PREDICTIONS:
PRIMARIES ARE ¥'s | ANISOTROPY
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OBSERVATIONAL CONSEQUENCES

o SH RELIC PARTICLES ARE ACCUMULATED IN THE

{ 3.
GALACTIC HALo(n,:‘“/n:“m los) AND THUS JHECR

PRODUCED AT THEIR DECAYS HAVE NO GZK CUTOFF.

o UHE PHOTONS (FROM T®=Q2¥) HAVE FLUX ~ 2TIMES
HIGHER THAN NUCLEONS.

o ANISOTROPY DUE TO NON-LENTRAL POSITION OF THE

SLN IN THE HKALD.
TWO DISTRIBUTIONS oF DM N wawo:

S
190: SRy
| s,
N FWw: PR = TR 1+ R/R):

(L) PREDICTIONS FOR EXISTING ARRAYS
Y.B. and A.MIKHAILOV (898

G,A.M . TANCO aud A A WATSON (998

(i) RATIO GC /AC
V.B.,P.BLASI, A.VILENKIN (998

BENSON | SHIALKOWSK , WOLFEUDALE (938

WITRIN 8= 2_0° THIS RATIO (S 3 - [0 FOR DIFFERELT
MODELS:. PROBLEM FOR TiE ADGER DETECTOR.

e ANGULAR CLUSTERING DUVE TO CLUMPINESS OF HALO



VIOLATION OF LORENTZ INVARIANCE (LI)

MOTIVATION:
e EXP DATA: PROBABLY NOT (¢)

e T5 suPERWEAK. L] BREAKING THEORETICALLY FEASIBLE
PRORABLY YES (1)

e ARSOLUTE LOReNTZ FRAME AnD LI Breakine.

BREAKING OF LI IMPLIES EXISTENCE OF THE ABSOLUTE

LORENTZ FRAME,
DOES EXISTENCE OF THE ABSOLUTE FRAME IMPLN

e visipLe LI BreEArinGg 2
€.9. EXISTENCE OF THE FRAME WHERE CMBR. IS

TSOTROPIC L
NO |, [F WE TAKE INTO ACCOUNT THE |NTERACTION

WITH MICROWAVE PHOTONS,
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SPONTANEOUSLY BROKEN LI

e EQUATION Of MOTION REMAIN LORENTZ INVARIANT

® VIOLATION OCLURS SPONTANEOULSLY (N SOI_UT'IONS, e-g.
DUE TO VEV's. -

i‘m-&. :‘fﬁ -\P—Xﬁ—bv\l)-i;v'

¥ 15 FIELD OF VISIBLE SECTOR |
"T;w IS SUPERHKEAVY FIELD FROM HIDDEN SECTOR

STRING INTERACTION SET NONZERD VEV FOR Tgo

(Too) .'.'_ Vz)

PRODUCING LORENTZ~NONINVARLIANT VACULOM
CONDENSATE ANALOGUE O CMBRR,
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CPONTANEOUSLY BROKEN L J AND
MODIFIED DISPERSION RELATIONS

L=ie -qjx:ﬁrw -mPY + ii,wt.

-2.3- i;m = %"_l;" "472;.(’9»;‘1“
DIRAL EQUATION
(LXF?F -m - ﬁ;-f;w b;ﬁ,,) V=0
AFTER SSB <T,.>--V" ASSOCIATE KLEIN-GORDON E@®:.
(?;- M+ %:.V'?: J¥ =0
N MoMEMTUM SPACE  (dp —> Py
P:-w"-l- ﬁ—‘ VE =0

Tuue, LI Breakive rRESULTS IN THE MODIFIED
DISPER SION RELATION [COLERAM, GlASKOW [99%)
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MODIFIED DISPERSION RELATIONS
AND THRESHOLD oF REACTIONS,

Y+ ¥—ere

/

Ey & E. E Ey>>> &,
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| ¥z
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- 2 \".-v
Pl=Be - Paem +e nEY

wueN E >Mwm, /V THRESHOLD |S SHIFTED

OTHER ASTROPHYSICAL TESTS OF SPECIAL RELATIVITY

o CONSTANCY OF LIGHT VELOCITY (e.g. v GRBs).

&

L

J. Ellle et o {993

HE PHoTON DECAY. S, GlLAGHOW 199 %

VACULUN CHERENKOV RADIATION . S.GLASHOW (93T
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CONCLUSIONS

® UBSERVED UHECR SPECTRA AT 1-10'28'(0(5&\/
HAVE SIGNATURES OF INTERACTION OF EXTRAGALACTIC
PROTONS W(TH (CMB (N THE FoaM o -tue DIP
(DUE TO P+Y,,, - P+e€+e”) AVD OF THE BEGIDNING
OF tuE GZK. CUTOFEE. THE CRRELATION Wty Bllacs
(NDLCATE AGN AS UUEAR SOURCES.

o NOT MUCH SPACE 65 LEET T 'Bxotte” puNsics.
VDUECR. PrOBLEM (& REDUCED TO THE EVELUTS AT
B ((10%PeV, EXCESS OF THE AGASA EVENTS
OVER. PREDICTED G2 CULTOFF (S AW [bDlcaTIoU
TO AbLEW PRYs(Ccs. N '12. YEARS AVGER. DaTA
WL CLARIEY THE S(TUATION.

o THREE TOP-DOwWN MobELS (TD,SHDM AND Z-BURSTS)
PREDICT PHOTON DoMinvaucE AT E=((0™V ., ThIS
PREDICTION WILL BE TESTED BRBY AVGER

—1.9
¢ SPECTRUM SHAPE (E(EY~E ) IS bow A SIGNATURE
OF SUDM MODEL. THIS PREDICTION (S (N
AGREENENT WITH THE AGASA EXCESS,

o SUDM MODEL PREDICTS ANISOTROPY (ENTERETD
BY GC.. TW(S PREDICTION WIiLL BE TESTED BY
MGER LOCATED 10D SOUTHERN HEMISPERE,

TUERE 1§ A CHANCE OF DISCOVERY

OF NEW FUNDAMNENTAL PHYSICS
8 DHECR!
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