LT

united nations
educational, scientific
and culeral
organization

ag 3
§ y
YW
Sl

~
international atomic
energy agency

the

abdus salam

international centre for theoretical physics

16 June - 4 July 2003

ASTROPARTICLE PHYSICS

Lecture 11

V. BEREZINSKY

LN.E.N.

Laboratorio Nazionale del Gran Sasso (L.N.G.S.)
Assergi, L'Aquila

ITALY

SMR.1508 - 33

SUMMER SCHOOL ON PARTICLE PHYSICS

strada costiera, |1 ~ 34014 trieste italy - tel. +39 04022401 1| fax +39 040224163 - sci_info@ictp.trieste.it - www.ictp.trieste.it






VHECR PROBLEM:
CTATVUS OF ASTROPHNYS, SOLUTION



UHECR PROBLEM
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GZK CUTOFF.:

ENERGY LOSSES OF UHE PROTONS ON CMBR
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FOR HOMOGENEOUS DISTRIBUTION OF SOURCES
THE SPECTRUM STEEPENS AT E,,=53.10" eV

GZW CUTOFF IS NOT OBSERVED ¢
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ENERGY LOSSES AND THE IR
SIGNATURES

PROTONS
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CALCULATIONS
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\V.B.,S . GRIGORIEVA | A.GAZIZOV
2001

ENERGY LOSSES OF DHE PROTONS
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V.B., S. Grigorieva, G. Zatsepin, 1975

ENERGY LOSSES ON MICROWAVE RADIATION
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ARSORPTION OF UHE GAMMAS
ON RADID BACKGROUND
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PROPAGATION SIGNATURES
OF VHE PROTONS

E,, (GZK) , BUMP (pie-up proTons) | DIP
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£, AS NUME RICAL CUARACTE R\ST IC
OF G7K CUTOFF
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FIG. 4: Ey/2 as numerical characteristic of the GZK cutoﬂi In panel a) E, o for different «v, are presented. In
panel b) Ey /9 is found from the integral spectrum of the Yakutsk array using two fits of the integral spectrum.
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FIG. 6: Modification factors for diffuse spectra with different zmax. The curves between zmax = 2.0 and zmay = 0.2
have Zmax = 0.3 ,0.5 and 1.0. The solid curves are for 74 = 2.0 and dashed ones - for v, = 2.7. The pile-up
peaks, clearly seen at small zmax, disappear when summation of sources goes to large zmax > 1 [4].
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FIG. 7: Modification factor as characteristic of the dip and bump. The dotted curve show 7., when adiabatic
and pair-production energy losses are included, for the case vy = 2.7. The solid and dashed curves include also
the pien-production energy losses. The pile-up peaks are practically absent [4].
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SOURCES AND ACCELERATION

SOURCES MUST BE POWERFUL i NID er?{,/Mpc g

AND ACCELERATE PARTICLES UPTO Em“"'lﬁua\/

CANDIDATES . AEN and GRRs

ACCELERATION IN AGN
(JETS AND SHOCKS  Biermann,Racken [993)
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ARE THERE OBSERVATIONAL
INDICATIONS TO THE SOURCES 2

o GMALL-SCALE ANGULAR CLUSTERING *
FROM 92. EVENTS THERE ARE S DOUBLETS AND
1 TR{PLET WITHIN 2.5°
THREGHOLD OF EEFECT: E2 Y.10 ~eV
CHANCE PROBARILITY <& (0=
INTERPRETATION:
¢ COMPACT SOURCES
NUMBER OF SOLRCES WITHIN 25 Mpe 15

- ‘
N5=1'2.Of?:; . DENSITY - 5-107  em™

¢ NEUTRAL PRIMARIES OR VERY WEAK MAGN FRIEWD

9
o CORRELATION WITH BLlacs AT E~Y-8:10 eV
Téwara,zov , Tr.acheV 200!

INTERPRETATION:

RECTILINEAR PROPAGATION OF PROTONS (WEAK HAGN
FIELD) OR NEUTRAL PARTICLES
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UHECR FROM GRRs

hep-pl /O10330¢
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AGN AS VUHECR SOURCES

® GPECTRULM
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ABSENCE OF GZ2K CUTOFF IN
ASTROPHNSICAL MODELS

o LOCAL OVERDENSITY
FCE) ~s thc..x (_E)»
E<4EBgax

Neovpc

30 Mpc

ReECTILINEAR

I

Digg

0RSERVER. &

CORRELATION wiTH RBL Lacse MUST BE IEGNCRED
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UHECR FROM SOURCES WITH LOCAL OVERDENSITY

hep -pl./0107306
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PROBLEM
WITH

0o
ASTROPHYSICAL SCENARIO AT E»I'0 ¢)

ATTENVATION LENGTH AT E=2:10"%V IS ‘ﬁate ~30 Mpc.

N THE DIRECTION O£ PARTICLES WITH MAX ENERGY
2-3 . 10%° e/ MUGT BE SEEN THE SOURCE
(Aeasa , FE AND HiRes EVENTS)

o THIS PROBLEM |& UNAVOIDARBLE IN CASE OF
corBELATION Wit RL Lacs

o TS PROBLEM |5 AMELIORATED FOR MODELS

WITH STRONGE MAGNETIC FIELD
e.-g. For Ezl'tow&v:

B
‘e-q,ee = ?)O MPQ VH =20 MPC’ EZO 1OV\G
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CONCLVUSIONS

o RECENT HiRes DATA AGREE WITH PRESENCE
OF 62K CUTORE , WHILE AGASA DATA SHOW

EXCESS OVER G2K PREDICTION (41 SVENTS
witd E>(-10%%eV),

o THERE (o TUHE UHECR PROBLEM EVEN WIiThHOOLT
AGASHA EVENTS: 3 HIGHEST ELERAGNY EVENTS
(FE , HiRes ,Yawutsk) &T E2[0*%eV
(FE BVBEMT AT Ex3H(0*PeV) DO NOT HAVE
SOLRCES N THE(R DlRECTIONS.

o ORSERVED SPECTRA HAVE A SIGBNATUERE OF
TVTERACTION ©OF PROTOMNS Wit CHB [N THE FoRM

OF tuE DIP AMD B4y (YAKLTSK. DATA). HiRkes DATA
COVERM PROTON CoMposiTiony AT E>((0E eV,

UHECR Witk AGN AS THE SOULRCES Z2XPLA(W
wer & 4082 E <809V
e SPECTRA

e SMALL-SCALE AdbGULAR CLLSTERIVG AND
s CORRQELATIONS WiTH: BL.lacs.

THE oMALL. EXTRAGALACT(C MAGNETIC EIELD
1S5 BEQAVIRED (N TH(S MODEL

o EVENTS WITH E5 [(0°2V REMAIN THE PROBLEM
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