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Galactic Nuclei

¥ Black hole masses: 

¥ Stellar densities:

¥ Stellar velocities:

¥ Black hole sphere of inßuence:

¥ Dynamical time:

¥ Relaxation time:
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Disruption Criteria (I)
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Tidal Radius

rt ! R!
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" 1/ 3

= 100R!

#
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(M! / M" )

$1/ 3

Star swallowed whole if M¥ ! 108 M!

For normal stars rh ! rt

rSch ! 4.3(M¥/ 106 M! ) R!



Dynamics of Disrupted Stars
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r = rt ! t
v
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ÔLoss ConeÕ Angle

Disrupted stars have: J < Jt ! < ! t,

Angular momentum:

Jt = rv sin ! t ! rv! t

!
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GM¥rt
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Loss cone emptied on a dynamical time ! d !
r
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Orbital Diffusion

¥ Stellar motion deßected by weak scattering.

¥ Angle �À��undergoes a random walk.

¥ In a dynamical time:

¥ We expect 
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Two regimes to consider: ! d/ ! t ! 1



Remarks on Scaling

n(r) ! r! ! (! ! 1Ð2) ! (r) ! r! ! (! ! 0Ð1/ 2)

! 2
d ∝

rn
" 4 ∝ r1+ 4! ! "

! 2
t ! (r" )! 2 ! r2! ! 2

! 2
d

! 2
t

! r3+ 2! ! "

Increasing for r < r h and 
decreasing for r > r h 

Increasing for all r 

Decreasing for all r

! 2
d

! 2
t

(rc) = 1 !
rc

rh
" 1

for solar-type stars
(decreases for smaller rt)



Full Loss Cone

! t

! d > ! t
¥ Stars scatter in and out of LC on a 

dynamical time.

¥ The LC is full statistically.

¥ The disruption rate is proportional 
to the solid angle          .! ! 2

t

Local disruption rate per unit volume:

dR full
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Matters when r > rc

Vanishes as r! !



Empty Loss Cone

Local disruption rate per unit volume:

! t

! d ! ! t
¥ Stars scatter in and out of LC on a 

dynamical time.

¥ The LC is mostly empty.

¥ LC reÞlling is driven by diffusion on 
a time         .! ! r
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Total Rate

Vanishes as r! 0 and r!"  

Peaks near rh
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(Scaling with       only a crude approximation.)M¥


