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= 4x10 *GeV 'cm *s . ME) E'. 10%eV=E=<10"eV
, y=2.75( ) y=2.65 ( He ), 5x10%ev E 310"
eV, y=3.1; E=3x=10"eV,1 y 2. E=5%10"eV y=2.75
y==3.1.
1.2
10"V

(Takeda et al. 1999).
10 °G 10 °G  E~10" Vv

100Kpc  100Mpc. ( )
, . 50Mpc
1.3 GzZK
: (py - prt’,
photopion ) 5%10"eV ( 20%
)- (Do) (Eo(p))
Do=20Mpc(Eo(p)~(1 2)10"eV), =50Mpc(=5>=10"eV)  200Mpc(~1>10*eV).
50Mpc , 5x
10"%ev (cut-off), GZK(Greisen-Zatsepin-Kuzmin) (Greisen, 1966;

Zatsepin & Kuzmin, 1966).

: 5x10%ev
GZK

1) Top-Down : )

. 2) Bottom-Up : ,



( ; )

Fermi R .
 Enax~Z.BL(Z, , L , B
). Emax 10%%V, BL ( Z~1): ,
: a) ISM-SN
100 Z TeV(TeV =10"eV).
b) wind-SN
100 ZPeV  (PeV=10"eV). 3
10"%ev . ©) (Hillas 1984,
Biermann & Strittmatter, 1987): , 10*"%eV.
o 1) (D 50Mpc) . M87, D=(15
20) Mpc. ( : CenA ,
NGC 315 ). . 2)
, M&7 , Biermann
10 *Gauss, . d)

(Blasi, Epstein and Olinto, 2000):

(0.1—0.01)% )

(Litwin and Rosner, 2001): )
( ), ,  Lorents )
E~10%eV

B

(Blandford 2000; Bhattacharjee & Sigl, 2000; Venkatesan, Miller and Olinto 1997).

3
: pM = Me'n’(85%) pM - Me'u'p
(15%), o 10 ¥®—10 *cm?® (Rubakov 1983, Callan 1982). RC
. (Peng, Li
and Wang, 1985; , , , 1986; Peng, 1989; Peng and Chou, 1998; Peng,

2000; Peng and Chou, 2001).
(10°—10"M )
( )

(Peng 1989),
;S§s7 §EN111/NB : é’s
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¢, =Cu(1-R,/R)™? (R>>R,) ¢ =¢,JrR/r, (R~R, or R<R ) whereR,

Schwarzschild ~ , R=2GM/c*(M ). ¢, =214¢,, ¢,
¢ =Gmgm,_ /g > ~1.9%x107(m,_ /10"m,). (
)

' :%Rg{l+[1—4(a2 +x0%)/R*:]"*} (Peng 1989),

k=Glc', 0= 0+ O Qe Onm .a
,a=(JIMc) ~a (GMIP) J .J~ MR*Q, Q
Kerr a (0.1 a 1).
- Schwarzschild (Ry)

(Peng 1989). ,

gc :¢c0(1_4a2 /Rgz)l/z’ ch = VGmB /gm = 4'365X10721 b4

> Kerr
Rubakov-Callen ,
4
4.1 ( Peng and Chou, 2001)
0~ GM _aR c
cR> 2 RR’
a R
, V(R =2tc.
(R) SR
( )
Lorentz
Lorentz
Lorentz , . (R = Ry)
( ) 1.0x10°M , B(R)~10° 10°Gauss(Peng and

Chou, 2001). Lorentz F2 o3



RC ", n°, pu) MeV.
Lorents , e, ui
10%—10°GeV

n0—>2y, n0—>3y

P=1.6x10 )* f*B*sin’a egs/s.
Vm B

Vi~ v/ sina (Hz) ~1x10°BE*GeV(e")sin’o(Hz),

v, =w, =B , o
m.c

E,= hvm=4x10*(B/10Gs)[E(e")/10°GeV]* GeV.

Vet 7> p+D ( EyEn(myc?)), o =or(me/my) (myc’y 1(EyEw).
(Lorentz
) : :
(KNK , Kerr-Newman-Kasaya ,
Kasaya, 1982), Einstain-Maxwell
acosd arsin’ @ r’+a’

-

Ag= Qe +On—22, 47460, A= Qe "=+ Onizxl cosO@—" 1,
p P P P

O =1 +a* cos’ O,

Enay=e Ay=eQn a c0s O/ 0" =eQpn——— =eQn/R=2.4><10"V.
r-+a

4.2

M

rre = NgN {0} =10"7¢N, 2
RC BV m < ﬂm) A§H(4nR3/3

i,

R )
¢, 10 cm?

dn 47 13 2 R
- - 1 “R/ - R
S, = 3 Rry. =7.5x10" M 'y n,(y_/eg— o)
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Pdt ] R?
y ™ hy =5.5%10 H(R)r_Zdti

m

H(R)=%=2.55>< 10°M, "y~

ny, ~1.4x10"y7",
N, =(S_.-At)-m /At =1.0x10" My ™y .
2
T 7,

o(EE,)= ;" (l—ﬂz)[Zﬁ(ﬁ'z—2)+(3—ﬂ4)ln(%)]waT(me)2N3.7><10’32cm’2,

- m

p

(mcz)z 1/2
=l
[/3 [ A 7

n, =aT* /(5kT) ~10T* cm ™,

Np=Nynw<oe> V=3.9x10>"cT° Mg 'y *n.
T~100K,
Ny=3.9x10"Mg 'y *7.
N

20Mpc ~—"_ AGASA
P I 4n D*
100km?
Np —4 -1 4 -8
S~47ID2A ~75x107" M, y~'n ~7.5x10 y~10
50Mpc 10°—10* AGN.

Siar~10 °. AGASA Sobs=600/10y~10 ©.
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Where Do the Extra High Energy Cosmic Rays Come From”
A Model of Active Galactic Nuclei With Magnetic Monopoles

PENG Qiu-He"

(Department of Astronomy, Nanjing University, Nanjing 210093, China)
(Joint Astrophysics Center of CAS -Beijing University, Beijing 100871, China)

(The Open Laboratory for Cosmic Ray and High Energy Astrophysics, CAS, Beijing 100039, China)

Abstract The origin and signature of ultra high-energy cosmic rays are still somewhat
mysterious. In this paper, we present an effective acceleration mechanism for such ultra
high-energy events based on supermassive stellar objects with saturation of magnetic monopoles
of ‘t Hooft-Polyakov type in the universe. Catalyzed by magnetic monopoles, nucleons may decay
to energetic charged particles and radiation, and can travel to great distance from their source
because of the absence of horizon and central singularity of these supermassive stellar objects, due
to Rubakov-Callan effect. These rapid rotating collapsed objects have radial magnetic fields in the
local co-rotating frame. The induced electromagnetic fields in the rest frame are quite different
from that of the usual dipole fields. The strength of such induced fields are very strong and
decrease with the square of distance. As a result, the energetic charged particles released during
nucleon decay may be further accelerated for a rather long period and the resulting energy of such

cosmic rays may be far beyond 10*' V.
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