
A
C

T
IV

E
G

A
L
A

C
T

IC
N

U
C

L
E
I:

S
O

U
R

C
E
S

F
O

R
U

L
T

R
A

H
IG

H
E
N

E
R

G
Y

N
E
U

T
R

IN
O

S
!

P
et

er
L
.
B

ie
rm

an
n

1,
2,

3,
4,

5 ,
w

it
h

Ju
lia

B
ec

ke
r6

,7
,
an

d
A

th
in

a
M

el
i8

1
M

P
I

fo
r

R
ad

io
as

tr
on

om
y,

B
on

n
,
G

er
m

an
y

2
D

ep
t.

of
P

hy
s.

&
A

st
ro

n
.,

U
n
iv

.
of

B
on

n
,
G

er
m

an
y

3
D

ep
t.

of
P

hy
s.

&
A

st
r.

,
U

n
iv

.
of

A
la

b
am

a,
T
u
sc

al
oo

sa
,

A
L
,
U

S
A

4 D
ep

t.
of

P
hy

s.
,
U

n
iv

.
of

A
la

b
am

a
at

H
u
nt

sv
ill

e,
A

L
,

U
S
A

5
In

st
.

N
u
cl

.
P

hy
s.

F
Z
,
K

ar
ls

ru
h
e

In
st

.
of

T
ec

h
n
.

(K
IT

),
G

er
m

an
y

6
In

st
it

u
ti

on
fö
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öh
ri

n
ge

r,
H

.,
A

st
ro

-
ph

ys
.

J
.

L
et

te
rs

5
4
7
,

L
11

1
-

L
11

4
(2

00
1)

,
as

tr
o-

p
h
/0

01
12

81

[1
5]

C
ow

lin
g,

T
.G

.,
S
ol

ar
E
le
ct

ro
dy

n
am

ic
s,

19
53

,
in

T
h
e

S
u
n
,
E

d
.
K

u
ip

er
,
G

.P
.,

U
n
iv

.
of

C
h
ic

ag
o

P
re

ss
,

C
h
ic

ag
o

24



[1
6]

D
as

,
K

an
g,

R
yu

,
&

C
h
o

20
08

A
st

ro
ph

ys
.
J
.
,

[1
7]

D
u
sc

h
l,

W
.J

.,
S
tr

it
tm

at
te

r,
P
.A

.,
&

B
ie

rm
an

n
,
P
.L

.,
A

st
ro

n
.
&

A
st

ro
ph

.
3
5
7
,
11

23
-
11

32
(2

00
0)

,
as

tr
o-

p
h
/0

00
40

76

[1
8]

E
n
ßl

in
,

T
.A

.,
B

ie
rm

an
n
,

P
.L

.,
K

ro
nb

er
g,

P
.P

.,
&

W
u
,

X
.-
P
.
,
A

st
ro

ph
ys

.
J
.
4
7
7
,

56
0,

(1
99

7)
,

as
tr

o-
p
h
/9

60
91

90

[1
9]

E
ve

re
tt

,
J.

E
.,

et
al

.,
T

h
e

M
il
ky

W
ay

’s
K

ilo
p
ar

se
c-

S
ca

le
W

in
d
:

A
H

yb
ri

d
C

os
m

ic
-R

ay
an

d
T

h
er

m
al

ly
D

ri
ve

n
O

u
tfl

ow
,A

st
ro

ph
ys

.
J
.
6
7
4
,2

58
-
27

0
(2

00
8)

[2
0]

G
al

ea
,

C
.,

M
.S

c.
th

es
is

,
U

n
iv

er
si

ty
of

B
u
cu

re
st

i
(2

00
2)

[2
1]

U
lt

ra
-h

ig
h
-e

n
er

gy
co

sm
ic

ra
y

ac
ce

le
ra

ti
on

by
re

la
-

ti
vi

st
ic

b
la

st
w

av
es

,
G

al
la

nt
,
Y

-
A

.,
A

ch
te

rb
er

g,
A

.,
M

on
th

.
N

ot
.
R
oy

.
A

st
r.

S
oc

.
3
0
5
,
L
6

-
L
10

(1
99

9)

25



[2
2]

G
in

zb
u
rg

,
V

.
L
.,

S
yr

ov
at

sk
ii
,
S
.
I.
,
A

st
ro

n
.
Z
h.

4
0
,

46
6

-
47

6
(1

96
3)

;
tr

an
sl

.i
n

S
ov

.
A

st
ro

n
.
A

.J
.
7
,
35

7
-

36
4

(1
96

3)

[2
3]

G
in

zb
u
rg

,
V

.L
.

&
S
yr

ov
at

sk
ii,

S
.I
.,

T
he

or
ig

in
of

co
sm

ic
ra

ys
,
P
er

ga
m

on
P

re
ss

,
O

xf
or

d
(1

96
4)

,
R

u
s-

si
an

ed
it

io
n

(1
96

3)
.

[2
4]

H
an

,
J.

L
.,

Q
ia

o,
G

.J
.,

A
st

ro
n
.
&

A
st

ro
ph

.
2
8
8
,
75

9
(1

99
4)

[2
5]

H
an

,
J.

L
.,

M
an

ch
es

te
r,

R
.N

.,
B

er
kh

u
ij
se

n
,

E
.M

.,
B

ec
k,

R
.,

A
st

ro
n
.
&

A
st

ro
ph

.
3
2
2
,
98

(1
99

7)

[2
6]

H
an

,
J.

L
.,

M
an

ch
es

te
r,

R
.N

.,
Q

ia
o,

G
.J

.,
M

on
th

.
N

ot
.
R
oy

.
A

st
r.

S
oc

.
3
0
6
,
37

1
(1

99
9)

[2
7]

Jo
ki

p
ii
,

J.
R

.,
R

at
e

of
en

er
gy

ga
in

an
d

m
ax

im
u
m

en
er

gy
in

d
iff

u
si

ve
sh

oc
k

ac
ce

le
ra

ti
on

,
A

st
ro

ph
ys

.
J
.

3
1
3
,
84

2
-

84
6

(1
98

7)

[2
8]

K
an

ed
a,

H
.,

et
al

.A
st

ro
ph

ys
.
J
.
4
9
1
,
63

8
(1

99
7)

26



[2
9]

K
h
an

n
a,

R
.,

&
C

am
en

zi
n
d
,
M

.,
A

st
ro

ph
ys

.
J
.
L
et

-
te

rs
4
3
5
,
L
12

9
-

L
13

2
(1

99
4)

[3
0]

K
im

,
K

.T
.,

et
al

.,
N

at
u
re

3
4
1
,
72

0
-

72
3

(1
98

9)

[3
1]

K
ra

u
se

,
F
.,

S
te

en
b
ec

k,
M

.,
Z
.

f.
N

at
u
rf

.
2
2
a
,

67
1

-
67

5,
(1

96
7)

,
tr

an
sl

at
ed

in
N

C
A

R
-T

N
/I

A
-6

0
T
he

tu
rb

u
le
n
t
dy

n
am

o,
ed

it
ed

by
P
.H

.
R

ob
er

ts
,
M

.
S
ti

x,
19

71
,
p
.
81

[3
2]

K
ra

u
se

,
F
.,

H
ab

il
it

at
io

n
ss

ch
ri

ft
,
U

n
iv

.
of

Je
n
a,

19
67

,
tr

an
sl

at
ed

in
N

C
A

R
-T

N
/I

A
-6

0
T
he

tu
rb

u
le
n
t

dy
-

n
am

o,
ed

it
ed

by
P
.H

.
R

ob
er

ts
,
M

.
S
ti

x,
19

71
,
p
.
10

3

[3
3]

K
ra

u
se

,
F
.,

M
on

at
sb

.
D

t.
A

ka
d.

W
is
s.

1
1
,

18
8

-
19

4,
(1

96
9)

,
tr

an
sl

at
ed

in
N

C
A

R
-T

N
/I

A
-6

0
T
he

tu
rb

u
le
n
t
dy

n
am

o,
ed

it
ed

by
P
.H

.
R

ob
er

ts
,
M

.
S
ti

x,
19

71
,
p
.
31

3

[3
4]

K
ra

u
se

,
F

.
&

B
ec

k,
R

.,
A

st
ro

n
.

&
A

st
ro

ph
.
3
3
5
,

78
9

(1
99

8)

27



[3
5]

K
ro

nb
er

g,
P
.P

.,
R
ep

.
P
ro

g.
P
hy

s.
,
5
7
,

32
5

-
38

2
(1

99
4)

[3
6]

K
ro

nb
er

g,
P
.P

.,
L
es

ch
,
H

.,
H

op
p
,
U

.,
A

st
ro

ph
ys

.
J
.

5
1
1
,
56

-
64

(1
99

9)

[3
7]

K
ro

nb
er

g,
P
.P

.
in

T
he

O
ri

gi
n
s

of
G

al
ac

ti
c

M
ag

-
n
et

ic
F
ie

ld
s,

24
th

m
ee

ti
n
g

of
th

e
IA

U
,
Jo

in
t

D
is

cu
s-

si
on

14
,
A

u
gu

st
20

00
,
M

an
ch

es
te

r,
E

n
gl

an
d
.

[3
8]

K
ro

nb
er

g,
P
.P

.
in

H
ig

h
E
n
er

gy
G

am
m

a-
R
ay

A
s-

tr
on

om
y,

In
te

rn
at

io
n
al

S
ym

p
os

iu
m

h
el

d
26

-3
0

Ju
n
e,

20
00

,
in

H
ei

d
el

b
er

g,
G

er
m

an
y.

A
IP

)
P

ro
c.

,
vo

l.
5
5
8
,

45
1

(2
00

1)

[3
9]

K
u
ls

ru
d
,
R

.M
.,

C
en

,
R

.,
O

st
ri

ke
r,

J.
P
.,

R
yu

,
D

.,
A

s-
tr
op

hy
s.

J
.
4
8
0
,
48

1
(1

99
7)

[4
0]

K
u
ls

ru
d
,

R
.M

.,
A

n
n
u
al

R
ev

.
of

A
st

ro
n
.
&

A
st

ro
-

ph
ys

.
3
7
,
37

(1
99

9)
.

[4
1]

L
er

ch
e,

I.
&

P
ar

ke
r,

E
.
N

.,
A

st
ro

ph
ys

.
J
.
1
6
8
,
23

1
(1

97
1)

28



[4
2]

L
er

ch
e,

I.
&

P
ar

ke
r,

E
.
N

.,
A

st
ro

ph
ys

.
J
.
1
7
6
,
21

3
(1

97
2)

[4
3]

K
ra

u
se

,F
.,

R
ad

le
r,

K
.H

.&
R

ü
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lé
e,

J.
P
.,

A
st

ro
n
.
J
.
9
9
,
45

9
(1

99
0)

.

[8
6]

V
öl

k,
H

.J
.
&

A
to

ya
n
,
A

.M
.,

A
st

ro
ph

ys
.
J
.
5
4
1
,
88

-
94

(2
00

0)
.

34



[8
7]

va
n

d
er

W
el

,
A

.,
F
ra

n
x,

M
.,

va
n

D
ok

ku
m

,
P
.

G
.,

H
u
an

g,
J.

,
R

ix
,

H
.-
W

.,
Il
lin

gw
or

th
,

G
.

D
.,

A
st

ro
-

ph
ys

.
J
.

L
et

te
rs

6
3
6
,

L
21

-
L
24

(2
00

6)
;

as
tr

o-
p
h
/0

51
15

81

[8
8]

“S
u
p
er

lu
m

in
al

n
on

-b
al

li
st

ic
je

t
sw

in
g

in
th

e
qu

as
ar

N
R

A
O

15
0

re
ve

al
ed

by
m

m
-V

L
B

I”
,
A

gu
d
o,

I.
,
et

al
.,

A
st

ro
n
.
&

A
st

ro
ph

.
L
et

te
rs

4
7
6
,
L
17

(2
00

7)

[8
9]

“C
or

re
la

ti
on

of
th

e
h
ig

h
es

t
en

er
gy

co
sm

ic
ra

ys
w

it
h

n
ea

rb
y

ex
tr

ag
al

ac
ti

c
ob

je
ct

s”
,

A
U

G
E

R
-

co
lla

b
or

at
io

n
,
S
ci

en
ce

3
1
8
,
93

9
-

94
3

(9
N

ov
em

b
er

20
07

);
ar

X
iv

:0
71

1.
22

56

[9
0]

“C
or

re
la

ti
on

of
th

e
h
ig

h
es

t-
en

er
gy

co
sm

ic
ra

ys
w

it
h

th
e

p
os

it
io

n
s

of
n
ea

rb
y

ac
ti

ve
ga

la
ct

ic
nu

cl
ei

”,
A

U
G

E
R

-c
ol

la
b
or

at
io

n
,
A

st
ro

pa
rt

.
P
hy

s.
2
9
,

18
8

-
20

4
(2

00
8)

;
ar

X
iv

:0
71

2.
28

34

[9
1]

“N
eu

tr
in

os
fr

om
ac

ti
ve

b
la

ck
h
ol

es
,

so
u
rc

es
of

u
l-

tr
a

h
ig

h
en

er
gy

co
sm

ic
ra

ys
”,

B
ec

ke
r,

J.
K

.,
&

B
ie

r-

35



m
an

n
,
P
.L

.,
su

b
m

it
te

d
to

A
st

ro
pa

rt
.
P
hy

s.
(2

00
8)

;
ar

X
iv

:0
80

5.
14

98

[9
2]

“T
h
e

ac
ti

ve
je

t
in

N
G

C
42

58
an

d
it

s
as

so
ci

at
ed

sh
oc

ks
”,

C
ec

il,
G

.,
et

al
.,

A
st

ro
ph

ys
.

J
.
5
3
6
,

67
5

(2
00

0)

[9
3]

“T
h
e

sm
al

le
st

A
G

N
h
os

t
ga

la
xi

es
”,

G
re

en
e,

J.
E

.,
B

ar
th

,
A

.J
.,

&
H

o,
L
.C

.,
N

ew
A

st
ro

n
.
R
ev

.
5
0
,
73

9
-

74
2

(2
00

6)
;
as

tr
o-

p
h
/0

51
18

10

[9
4]

“V
L
B

A
co

nt
in

u
u
m

ob
se

rv
at

io
n
s

of
N

G
C

42
58

:
C

on
-

st
ra

in
ts

on
an

ad
ve

ct
io

n
-d

om
in

at
ed

ac
cr

et
io

n
flo

w
”,

H
er

rn
st

ei
n
,

J.
R

.
et

al
.,

A
st

ro
ph

ys
.
J
.
L
et

te
rs

4
9
7
,

L
69

(1
99

8)

[9
5]

“T
h
e

in
n
er

je
t

of
an

ac
ti

ve
ga

la
ct

ic
nu

cl
eu

s
as

re
-

ve
al

ed
by

a
ra

d
io

-t
o-

γ
-r

ay
ou

tb
u
rs

t”
,
M

ar
sc

h
er

,
A

.P
.

et
al

.,
N

at
u
re

4
5
2
,
96

6
-

96
9

(2
00

8)

[9
6]

“T
h
e

b
la

ck
h
ol

e
ac

cr
et

io
n

d
is

k
in

N
G

C
42

58
:

O
n
e

of
N

at
u
re

’s
m

os
t
b
ea

u
ti

fu
ld

yn
am

ic
al

sy
st

em
s”

,M
or

an
,

J.
,
A

IP
C

on
f.

in
p
re

ss
(2

00
8)

;
ar

X
iv

:
08

04
.1

06
3

36



[9
7]

“F
as

t
G

ro
w

th
of

su
p
er

m
as

si
ve

b
la

ck
h
ol

es
in

G
al

ax
-

ie
s”

,
M

u
ny

an
ez

a,
F
.,

&
B

ie
rm

an
n
,
P
.L

.,
A

st
ro

n
.
&

A
st

ro
ph

.
4
3
6
,
80

5
-

81
5

(2
00

5)
;
as

tr
o-

p
h
/0

40
35

11

[9
8]

“D
eg

en
er

at
e

st
er

il
e

n
eu

tr
in

o
d
ar

k
m

at
te

rs
in

th
e

co
re

s
of

ga
la

xi
es

”,
M

u
ny

an
ez

a,
F
.,

&
B

ie
rm

an
n
,P

.L
.,

A
st

ro
n
.
&

A
st

ro
ph

.
L
et

te
rs

4
5
8
,
L
9

-
L
12

(2
00

6)
;

as
tr

o-
p
h
/0

60
93

88

[9
9]

“A
se

ar
ch

fo
r
C

O
in

M
ar

ka
ri

an
an

d
S
ey

fe
rt

ga
la

xi
es

”,
W

ils
on

,
T

.
L
.;

B
ie

rm
an

n
,
P
.;

F
ri

ck
e,

K
.
J.

,
A

st
ro

n
.

&
A

st
ro

ph
.
7
9
,
24

5
-

24
6

(1
97

9)

[1
00

]“
S
u
p
er

lu
m

in
al

n
on

-b
al

li
st

ic
je

t
sw

in
g

in
th

e
qu

as
ar

N
R

A
O

15
0

re
ve

al
ed

by
m

m
-V

L
B

I”
,
A

gu
d
o,

I.
,
et

al
.,

A
st

ro
n
.
&

A
st

ro
ph

.
L
et

te
rs

4
7
6
,
L
17

(2
00

7)

[1
01

]“
C

or
re

la
ti

on
of

th
e

h
ig

h
es

t
en

er
gy

co
sm

ic
ra

ys
w

it
h

n
ea

rb
y

ex
tr

ag
al

ac
ti

c
ob

je
ct

s”
,

A
U

G
E

R
-

co
lla

b
or

at
io

n
,
S
ci

en
ce

3
1
8
,
93

9
-

94
3

(9
N

ov
em

b
er

20
07

);
ar

X
iv

:0
71

1.
22

56

37



[1
02

]“
C

or
re

la
ti

on
of

th
e

h
ig

h
es

t-
en

er
gy

co
sm

ic
ra

ys
w

it
h

th
e

p
os

it
io

n
s

of
n
ea

rb
y

ac
ti

ve
ga

la
ct

ic
nu

cl
ei

”,
A

U
G

E
R

-c
ol

la
b
or

at
io

n
,
A

st
ro

pa
rt

.
P
hy

s.
2
9
,

18
8

-
20

4
(2

00
8)

;
ar

X
iv

:0
71

2.
28

34

[1
03

]“
N

eu
tr

in
os

fr
om

ac
ti

ve
b
la

ck
h
ol

es
,

so
u
rc

es
of

u
l-

tr
a

h
ig

h
en

er
gy

co
sm

ic
ra

ys
”,

B
ec

ke
r,

J.
K

.,
&

B
ie

r-
m

an
n
,
P
.L

.,
su

b
m

it
te

d
to

A
st

ro
pa

rt
.
P
hy

s.
(2

00
8)

;
ar

X
iv

:0
80

5.
14

98

[1
04

]“
T

h
e

ac
ti

ve
je

t
in

N
G

C
42

58
an

d
it

s
as

so
ci

at
ed

sh
oc

ks
”,

C
ec

il,
G

.,
et

al
.,

A
st

ro
ph

ys
.

J
.
5
3
6
,

67
5

(2
00

0)

[1
05

]“
T

h
e

sm
al

le
st

A
G

N
h
os

t
ga

la
xi

es
”,

G
re

en
e,

J.
E

.,
B

ar
th

,
A

.J
.,

&
H

o,
L
.C

.,
N

ew
A

st
ro

n
.
R
ev

.
5
0
,
73

9
-

74
2

(2
00

6)
;
as

tr
o-

p
h
/0

51
18

10

[1
06

]“
V

L
B

A
co

nt
in

u
u
m

ob
se

rv
at

io
n
s

of
N

G
C

42
58

:
C

on
-

st
ra

in
ts

on
an

ad
ve

ct
io

n
-d

om
in

at
ed

ac
cr

et
io

n
flo

w
”,

H
er

rn
st

ei
n
,

J.
R

.
et

al
.,

A
st

ro
ph

ys
.
J
.
L
et

te
rs

4
9
7
,

L
69

(1
99

8)

38



[1
07

]“
T

h
e

in
n
er

je
t

of
an

ac
ti

ve
ga

la
ct

ic
nu

cl
eu

s
as

re
-

ve
al

ed
by

a
ra

d
io

-t
o-

γ
-r

ay
ou

tb
u
rs

t”
,
M

ar
sc

h
er

,
A

.P
.

et
al

.,
N

at
u
re

4
5
2
,
96

6
-

96
9

(2
00

8)

[1
08

]“
T

h
e

b
la

ck
h
ol

e
ac

cr
et

io
n

d
is

k
in

N
G

C
42

58
:

O
n
e

of
N

at
u
re

’s
m

os
t
b
ea

u
ti

fu
ld

yn
am

ic
al

sy
st

em
s”

,M
or

an
,

J.
,
A

IP
C

on
f.

in
p
re

ss
(2

00
8)

;
ar

X
iv

:
08

04
.1

06
3

[1
09

]“
F
as

t
G

ro
w

th
of

su
p
er

m
as

si
ve

b
la

ck
h
ol

es
in

G
al

ax
-

ie
s”

,
M

u
ny

an
ez

a,
F
.,

&
B

ie
rm

an
n
,
P
.L

.,
A

st
ro

n
.
&

A
st

ro
ph

.
4
3
6
,
80

5
-

81
5

(2
00

5)
;
as

tr
o-

p
h
/0

40
35

11

[1
10

]“
D

eg
en

er
at

e
st

er
il
e

n
eu

tr
in

o
d
ar

k
m

at
te

rs
in

th
e

co
re

s
of

ga
la

xi
es

”,
M

u
ny

an
ez

a,
F
.,

&
B

ie
rm

an
n
,P

.L
.,

A
st

ro
n
.
&

A
st

ro
ph

.
L
et

te
rs

4
5
8
,
L
9

-
L
12

(2
00

6)
;

as
tr

o-
p
h
/0

60
93

88

[1
11

]“
A

se
ar

ch
fo

r
C

O
in

M
ar

ka
ri

an
an

d
S
ey

fe
rt

ga
la

xi
es

”,
W

ils
on

,
T

.
L
.;

B
ie

rm
an

n
,
P
.;

F
ri

ck
e,

K
.
J.

,
A

st
ro

n
.

&
A

st
ro

ph
.
7
9
,
24

5
-

24
6

(1
97

9)

39


