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Solar Neutrinos
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A Timeline History of High-Encrgy Cosmic Rays

Heaa discovered coamic: myn 1902

Anilersom discnvered anbmater (933

fwzen dmnyeed estenaive air 1938
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Diszewvery of 2harsed ping and 1947
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1040 Sormis paecry ol S0EmS Tavs

1956 Cireisen and Fascpie & Kurmin propose GZK
cutslf energy far sosmis rays

1994 ACASA Figh-ersrgy ewinn



In a balloon at an altitude of 5000 meters, Victor Hess |,
the tather of cosmic ray research, discovered "penetrat-
ing radiation” coming from space.



Variwle Physics Dnergy deales
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Astionuoinical Distance Scales
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Srabisties: Frescor osed daroee

AGASA dara versus X-particles decay acenario
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Highest lLuergy Lovent

E=-=3%x10%eV or 50l
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I'he number of partivles in the cascade at the maximum
is ore than 200 billion.

Frimary parlicle had more kinetic encergy than a well-hil
rark,

This is what you wounld see If someonc ran Lhrough the
atmosphere at the speed of light holding a 4 watt blue
I hi bl .,



Vs o' 50 5 Gav)™

=
-
L

L= ]
s
{.
¥

LI | II II FIOFE By 1] Ty Wg Tf ¥

=y

-
T
L]

=13
13

i

CGilebal Spectrum of Cosmic Rays

| Floasess ool Covsarry o= Wows

W (1 padizie pé-mr®-gazang’

. e
(* opariiche per m =g
e

FrTaTTTT

NPT

P Arikle
.V part sle per am’—yeo)

{

- .——H‘---II-IHJ FETTE RERTTTT T
o' ™ ' ™ ™ e™ ' ™ " 0™ " ™ et
Ens=gy (=¥



=

=10
o

=1
13 :

FEIE

13

1

1

e

Global Spectrum of Coamic Ravs

o

o' 16" 10" e

=

Ak e
(1 partcle per ki =yeer)

¥ SR S

.

10" 0™ 0™ ™ e 1™ ' 1™ ?
Ereray (2]



The C'R apectrum hevond GZK cutoff

Detection of 3 = 1077 eV proton would woquire sourees w be con-
tained wirhin 540 Mpec., Or, with uniform cosmaological distribntion
there anould be the GAK cut-of.

However, events above the cutoff were observed !

Voleano Bancl April 18832 130 EcV
Huaverah Park 1970 1880 4 events 100 FeV
1 cvent 120 EeV
Yukutsk May 1888 120 EeV
Fly's Eve Cctober 1581 d20 EcY
AlGASA 1860 1987 seo: the plot:
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The dusced carve represents the spectrwm expected for extragalactic
zources distnibuted uniformly in the Universe

o randidate sources are found in the directions of all
E = 10* ¢V events.

L

There is no chance that these events are artefacts,



NEW PHY=ICS ¢!
deliine o e el wmre Domssderesd wi b Tee e b
o Particls which 15 immune to CMBR bul producs normal aiy
shower,
& Topulowival Defects:
- Strings.
Superconducling strings.
Netwneks of monopales connected by strings

Magmetic. monnpoles

o Heavy guisisiuble redie particles,

Particle has to be HEAVY, my > 1002 GeV'
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The Huxes shown woere olnained for my — 108 GeV oand
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Buger Project: GIK

Energy (eV)
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Energy attenuation of protons
Protons: photopion threshold @ ~50 Eev
Photons: pair production threshold @ -200 TeV
Mnclel: photodisintegration above 50 EeV

Neutrinos: oo problem!
For E>100 EeV, the scurce must be within =50 Mpec




SUPERHEAVY PARTICLES .
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T. WHAT _MiguT BE THE PARTICLE PHycics
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NO couin (£.6.,Te IMFEATOW OR FLAGKA )
IS WNEEDPED v drd NMECHAAISAM,
wHERE TEmPRAL CHANEE ofF METE/
(N FHE SNCLE CARlE Fold FaPTiciE Floducteons.
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MEP canw BE <RENTED w £ARLY (Sni/ERCE
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AMou g THOIE ARE

1 Mow-£Ques. "THERAL® PRODUCTION
N SCATTER/ME 32 /o DEcAY PRicEXEl
v PRIMOR DML  PertimA

2. PRopucTron DURre DEcAY of IAFATonS
olC )Lt Teons ‘i "PREMEAT ive " ).
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Meprraele enn be a thermial relic Eowevor, sbrong constraants oo
reheating temperature (v U< WY anprreoaity ) may mile our,
thus poesibxlhiry

GRAVITATIONAL CREATION OF MATTER FROM
THE VACUUM

Some part of matter which we (may be) are observing today could
have Leen created right from the vacuum. No coupling (cx. Lo
the infatan or plasma) is needed. The tine varying metric of the
custnolugicsl backerannd will do the job.

This happens naturally and without fine-tuning. All one needs we
atable (very long-living) X-particles with the mass of order of the
wllaton mass, ey = 109 GeY This was oticed by Ol Kl
and Hatte £ 201 who conjecturcd thal such X-particles may con-
atitute dark matter t welny (g ~ ;:_. and by Kosman: ae! Tlhechey,
1o who conjectured that the decays of Lhess X-patticles may
produce sbeerved myeterious Ultra High Knergy £ » 10V G4
Cosmic Ttavs events (1075 < 1y < 15

Inflationary stage is not required to produce superheavy particles
from the vacuwm. Ruther, the inflation provides a cut off in exoossive
prowlietion of heavy particles which would hsppen in the Fredmann
Universe if it would start from the initial simgularity:



QBSERVATIONAL _SIGNATURES
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