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(Ṗ /P )
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ω

M⊙

ω

M⊙ M⊙



ω

M⊙

ω

M⊙ ω M⊙

M⊙

LX

LX

M⊙

M⊙



M⊙







2



105 106 M⊙

∼ 100

108

∼ 1010





f



f($r,$v) d3$r d3$v d3$r

$r d3$v $v

Φ

∇2
Φ = 4πG

∫

fd3$v,

1

r

d

dr

(

r2
dΦ

dr

)

= 4πG

∫

fd3$v,

r

f ∼ exp(E/σ2)

E σ



Φ0

Ψ ε

Ψ ≡ −Φ+ Φ0 ε ≡ −E + Φ0 = Ψ− 1

2
v2,

v = |$v| E

Φ0 f > 0 ε > 0 f = 0 ε $ 0



fK(ε) =







ρ1(2πσ
2)

3

2 (eε/σ
2 − 1) ε > 0

0 ε < 0
.

ρ1

r0 ≡
√

9σ2

4πGρ0
,

ρ0

ε > 0

ρk(Ψ) =
4π

(2πσ2)
3

2

∫

√
2Ψ

0

[

exp

(

Ψ− 1
2
v2

σ2

)

− 1

]

v2dv

= ρ1

[

eΨ/σ2

erf

(√
Ψ

σ

)

−
√

4Ψ

πσ2

(

1 +
2Ψ

3σ2

)

]

,

erf(x) Φ

Ψ

1

r

d

dr

(

r2
dΨ

dr

)

= −4πGρ1r
2

[

eΨ/σ2

erf

(√
Ψ

σ

)

−
√

4Ψ

πσ2

(

1 +
2Ψ

3σ2

)

]

.

r = 0 (dΨ/dr) = 0



Ψ r = 0 Ψ(0) > 0

Ψ(0)

Φ(0) (dΨ/dr) = 0

(d2Ψ/dr2) < 0 Ψ√
2Ψ

rt

rt M(rt) Φ(rt)

Φ(rt) = −GM(rt)

rt
.

Φ(0) = Φ(rt)−Ψ(0)

Ψ(0)

Ψ(0)

ρ0 r0 σ

∼ r−7/4



f ∼ (−E)−1/4

x ≡ r/r0

ω ≡ v/σ W (x) ≡ −Ψ(x)/σ2

E ≡ ω2/2−W ν(x) ≡ ρ(x)/ρ0

M∗(x) ≡ M(x)/ρ0r
3
0

µ ≡ M/ρ0r
3
0

r0 σ ρ0



f(E) =



















c(−E)1/4 E < −W

(2π)3/2(e−E − 1) −W < E < 0

0 E ≥ 0

,

c ≡ (2π)−3/2(exp(W )− 1)W
−1/4

f W W (xt) = 0 xt

W ≡ W (x )

x

M∗(x ) = 0,1µ,

x ∼ GM/σ2r0

M∗(x ) % 10−4µ

x



W ( )

d2W

dx2
+

2

x

dW

dx
= −(4πGρ0r

2σ−2)ν(W ), x > 0;

W

ν(W ) = 4π

∫

√
2W

0

f(E)ω2dω =







ν1, W ≤ W

ν2, W > W
,

ν1 ν2 W

r0 =
9σ2

4πGρ0
.

d2W

dx2
+

2

x

dW

dx
= −9ν(W ), x > 0,

x0 > 0



dW

dx
(x0) = W ′

0,

W (x0) = W0.

x0 = x

W ′ W

dψ

dr
(x ) =

GM

(xBHr0)2
=

Gµ

x2
ρ0r0,

W ′
x = − 9µ

4πx2
.

(µ,W )

0,1 x

x M∗(x)

x

x = GM/3σ2r0

M = 0, 100, 1000, 4000 M⊙ W0 ∼ 8



r < r0

0.001 0.01 0.1 1 10 100

r/r
0

0.0001

0.01

1

100

!
/"

2

sin IMBH

M = 100 M
#

M = 1000 M
#

M = 4000 M
#

W0 ∼ 8



∼ 0,8M⊙

∼ 0,2M⊙ ∼ 0,1M⊙

α ∼ 10−14 10−11 −1

∼ 10−3



10 100M⊙

∼
H2

M⊙

α

∼ 0,1 M⊙

∼ 0,1 M⊙

∼ 10−2 10−5 M⊙

∼ 5× 10−4 M⊙

∼ 9× 10−4 M⊙



M R

m

∆Eacc = GMm/R,

R ∼ 3 M ∼ M⊙

∆Eacc 5 × 1020

∆Enuc = 0,007mc2,

c ∆Enuc = 6×1018



g−1

M /R

M /R

Ṁ

LEdd = 4πGMmpc/σT
∼= 1,3× 1038(M/M⊙)erg s−1.



T = (Lacc/4πR
2σ)1/4,

σ

RSch = 2GM/c2 M

104 M⊙

T =

(

LEdd

16πσG2M2

)1/4

∼ 3,8× 106K,

kT ∼

∼ −3

λ



$v

$v

T L ≫ λ

$v T

ρ

∂ρ

∂t
+∇ · (ρ$v) = 0

ρ
∂$v

∂t
+ ρ($v ·∇)$v = −∇P + $f

∂

∂t
(
1

2
ρv2 + ρǫ) +∇ · (

1

2
ρv2 + ρǫ+ P )$v = $f · $v−∇ · $Frad −∇ · $q

P $f

$q ǫ

$Frad

ρ $v T



r θ φ

$v T ρ

θ φ

v#r = v

1

r2
d

dr
(r2ρv) = 0.

r2ρv ρ(−v)

Ṁ
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r→2M

r2T r
0 ,

ρ∞

p∞

u∞ = 0

(p+ ρ)
(

e−ν + eλ−νu2
)1/2

ur2e
1

2
(λ+3ν) = C1,

e
∫
ρ

∞

dρ′

ρ′+p e
1

2
(ν+λ)ur2 = C2,

C1 C2

(p+ ρ)e
−

∫
ρ

∞

dρ′

p+ρ′

(

1 + eλu2
)1/2

eν/2 = ρ∞ + p∞.

ρ∞ + p∞ r → ∞
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Ṁ m2(rc)

M2 (Mgc + M)2 Mgc

Mgc ≫ M



r0
rt

cgc
Rgc

M 3000M⊙

Rgc ρDM 4,0× 10−21kg m−3

ρDE 7,7× 10−27kg m−3

ω

∼ 10 K



p = ρ/3 ω

r0 = 0,35 pc cgc = 1,8

M = 3000M⊙

r → 0

∼ M/r r/r0 ∼ 10



ω ∼ 1

m(r)/r r ≪ r0

rc uc Ṁ
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Ṁ(v) v

Ṁ0
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c3s

(v2 + c2s )
3/2

,

c2s = c2ω

ω → 0
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Ṁ



100 10000

M
bh

(M
Sun

)

1e-12

1e-08

0.0001

A
cc

re
ti

o
n

 r
at

e 
(M

S
u
n
 y

r-1
)

M 15
Liller 1
! Cen
M 28
Eddington limit

Bondi-Hoyle



0.01 1 100

r(r
0
)

1e-10

1e-09

1e-08

1e-07

1e-06

1e-05

T
as

a 
d
e 

ac
re

ci
o
n
 (

M
S

o
l y

r-1
)

M = 398 M
Sol

M = 1000 M
Sol

M = 3981 M
Sol

M⊙
α = 10−11 yr−1 Ṁ
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Ṗ /P



-1 0 1 2 3 4 5 6

Pulsar #

-2e-16

-1e-16

0

1e-16

2e-16

V
a
ri

a
c
io

n
 i

n
tr

in
se

c
a
 (

s-1
)

Minimo
MaximoM 62

-1 0 1 2 3 4 5 6

Pulsar #

-3e-16

-2e-16

-1e-16

0

1e-16

2e-16

V
a
ri

a
c
io

n
 i

n
tr

in
se

c
a
 (

s-1
)

Minimo
MaximoM 62

-1 0 1 2 3 4 5 6 7 8

Pulsar #

-3e-16

-2e-16

-1e-16

0

1e-16

2e-16

3e-16

V
a
ri

a
c
io

n
 i

n
tr

in
se

c
a
 (

s-1
)

Minimo
MaximoM 15

-1 0 1 2 3 4 5 6 7

Pulsar #

-5e-16

-4e-16

-3e-16

-2e-16

-1e-16

0

1e-16

2e-16

3e-16

V
a
ri

a
c
io

n
 i

n
tr

in
se

c
a
 (

s-1
)

Minimo
Maximo

M 15

-1 0 1 2 3 4 5

Pulsar #

-1e-16

0

1e-16

V
a
ri

a
c
io

n
 i

n
tr

in
se

c
a
 (

s-1
)

Minimo
MaximoNGC 6752

-1 0 1 2 3 4 5

Pulsar #

-2e-15

-1e-15

0

1e-15

2e-15

V
a
ri

a
c
io

n
 i

n
tr

in
se

c
a
 (

s-1
)

Minimo
MaximoNGC 6752
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Ṗ /P
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