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Other Phenomena
• Mass transfer to the supermassive black hole.


– MS extreme mass ratio inspiral - MS-EMRIs

– emission of gravitational waves


• Tidal Disruption Events.

– Explosion of stars


• Breakup of binaries produces:

– Hyper Velocity Stars

– S- stars ?


• Plunges of compact objects into BH

• QPEs 3



Dimensionless #s in The Milky Way

• Stars compared to black hole:


• Radius of influence compared to Schwarzschild:


• Tidal radius compared to Schwarzschild:
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Gravitational Waves & Eccentric Orbits
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Scatterings & Gravitational Waves
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2 Body Relaxation & The Cusp
• The typical time for significant scattering.


• Constant partical flux: 


• Constant energy flux:
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Bahcall Wolf



Segregation
• Naive flux = #stars * n sigma v


• Only “zero flux” solutions: flux << naive flux


• Balanced solutions (zero flux):

• Mass dependent sinking (Dynamical Friction)

• Scattering


• Generalised Bacall Wolf solutions 



Segregation

New Self Similar Solution

With mass spectrum.


Meaning: 

for a given mass:

   Strong segregation at low E

   Flat distribution at high E

   cross section m^(3/2).
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Segregation - Two Mass Groups

r�7/4

<latexit sha1_base64="/lyLsJfU2Z9ZxAEs4zs/lINkvfo=">AAAB73icbVBNSwMxEJ31s9avqkcvwSJ4se7KQj0WvXisYD+gXUs2zbahSXZNskJZ+ie8eFDEq3/Hm//GtN2Dtj4YeLw3w8y8MOFMG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epIrRBYh6rdog15UzShmGG03aiKBYhp61wdDP1W09UaRbLezNOaCDwQLKIEWys1FYP2Xn1wp/0SmW34s6AlomXkzLkqPdKX91+TFJBpSEca93x3MQEGVaGEU4nxW6qaYLJCA9ox1KJBdVBNrt3gk6t0kdRrGxJg2bq74kMC63HIrSdApuhXvSm4n9eJzXRVZAxmaSGSjJfFKUcmRhNn0d9pigxfGwJJorZWxEZYoWJsREVbQje4svLpHlZ8fyKf+eXa9d5HAU4hhM4Aw+qUINbqEMDCHB4hld4cx6dF+fd+Zi3rjj5zBH8gfP5Ax+wj2A=</latexit>

r�7/4

<latexit sha1_base64="/lyLsJfU2Z9ZxAEs4zs/lINkvfo=">AAAB73icbVBNSwMxEJ31s9avqkcvwSJ4se7KQj0WvXisYD+gXUs2zbahSXZNskJZ+ie8eFDEq3/Hm//GtN2Dtj4YeLw3w8y8MOFMG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epIrRBYh6rdog15UzShmGG03aiKBYhp61wdDP1W09UaRbLezNOaCDwQLKIEWys1FYP2Xn1wp/0SmW34s6AlomXkzLkqPdKX91+TFJBpSEca93x3MQEGVaGEU4nxW6qaYLJCA9ox1KJBdVBNrt3gk6t0kdRrGxJg2bq74kMC63HIrSdApuhXvSm4n9eJzXRVZAxmaSGSjJfFKUcmRhNn0d9pigxfGwJJorZWxEZYoWJsREVbQje4svLpHlZ8fyKf+eXa9d5HAU4hhM4Aw+qUINbqEMDCHB4hld4cx6dF+fd+Zi3rjj5zBH8gfP5Ax+wj2A=</latexit>

r�4 = r�
3
2�

M
4m

<latexit sha1_base64="KaR+XOcvYgU75mbmjFO8/owA/G8=">AAACC3icbVDNS8MwHE3n15xfVY9ewobgZaOdBb0IQy9ehAnuA7Y60izdwpK2JKkwSu9e/Fe8eFDEq/+AN/8b060H3XwQ8njv/Uh+z4sYlcqyvo3Cyura+kZxs7S1vbO7Z+4ftGUYC0xaOGSh6HpIEkYD0lJUMdKNBEHcY6TjTa4yv/NAhKRhcKemEXE5GgXUpxgpLQ3MsrhPqk56kV3JaT/UWVhPq8nNnDo8TQdmxapZM8BlYuekAnI0B+ZXfxjimJNAYYak7NlWpNwECUUxI2mpH0sSITxBI9LTNECcSDeZ7ZLCY60MoR8KfQIFZ+rviQRxKafc00mO1Fguepn4n9eLlX/uJjSIYkUCPH/IjxlUIcyKgUMqCFZsqgnCguq/QjxGAmGl6yvpEuzFlZdJu16znZpz61Qal3kdRXAEyuAE2OAMNMA1aIIWwOARPINX8GY8GS/Gu/ExjxaMfOYQ/IHx+QPEjppB</latexit>

r�1

<latexit sha1_base64="Lf1fXjk5tIUkRwwtrrNQJ9KnGF4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBC8GHYloMegF48RzAOSNcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtJ6oNU/LejhMaCjyQLGYEWyc19UN2Hkx6pbJf8WdAyyTISRly1Hulr25fkVRQaQnHxnQCP7FhhrVlhNNJsZsammAywgPacVRiQU2Yza6doFOn9FGstCtp0Uz9PZFhYcxYRK5TYDs0i95U/M/rpDa+CjMmk9RSSeaL4pQjq9D0ddRnmhLLx45gopm7FZEh1phYF1DRhRAsvrxMmheVoFqp3lXLtes8jgIcwwmcQQCXUINbqEMDCDzCM7zCm6e8F+/d+5i3rnj5zBH8gff5AzKpjuM=</latexit>

r1

<latexit sha1_base64="T8g8kjBIn02TOOuUKUIMNUn5gjo=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KokU9Fj04rGCaQttLJvtpl262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TJJpxn2WyER3Qmq4FIr7KFDyTqo5jUPJ2+H4dua3n7g2IlEPOEl5ENOhEpFgFK3k68fcm/YrVbfmzkFWiVeQKhRo9itfvUHCspgrZJIa0/XcFIOcahRM8mm5lxmeUjamQ961VNGYmyCfHzsl51YZkCjRthSSufp7IqexMZM4tJ0xxZFZ9mbif143w+g6yIVKM+SKLRZFmSSYkNnnZCA0ZygnllCmhb2VsBHVlKHNp2xD8JZfXiWty5pXr9Xv69XGTRFHCU7hDC7AgytowB00wQcGAp7hFd4c5bw4787HonXNKWZO4A+czx/H1Y6s</latexit>

r�1.5

<latexit sha1_base64="5F7tHZGqkZnoDqKYypZDc3KcPng=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBi8uuVPRY9OKxgv2Adi3ZNNuGZpM1yQpl6Z/w4kERr/4db/4b03YP2vpg4PHeDDPzwoQzbTzv2ymsrK6tbxQ3S1vbO7t75f2DppapIrRBJJeqHWJNORO0YZjhtJ0oiuOQ01Y4upn6rSeqNJPi3owTGsR4IFjECDZWaquH7Mx3Lya9csVzvRnQMvFzUoEc9V75q9uXJI2pMIRjrTu+l5ggw8owwumk1E01TTAZ4QHtWCpwTHWQze6doBOr9FEklS1h0Ez9PZHhWOtxHNrOGJuhXvSm4n9eJzXRVZAxkaSGCjJfFKUcGYmmz6M+U5QYPrYEE8XsrYgMscLE2IhKNgR/8eVl0jx3/apbvatWatd5HEU4gmM4BR8uoQa3UIcGEODwDK/w5jw6L8678zFvLTj5zCH8gfP5AxaFj1o=</latexit>

r�1

<latexit sha1_base64="Lf1fXjk5tIUkRwwtrrNQJ9KnGF4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBC8GHYloMegF48RzAOSNcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtJ6oNU/LejhMaCjyQLGYEWyc19UN2Hkx6pbJf8WdAyyTISRly1Hulr25fkVRQaQnHxnQCP7FhhrVlhNNJsZsammAywgPacVRiQU2Yza6doFOn9FGstCtp0Uz9PZFhYcxYRK5TYDs0i95U/M/rpDa+CjMmk9RSSeaL4pQjq9D0ddRnmhLLx45gopm7FZEh1phYF1DRhRAsvrxMmheVoFqp3lXLtes8jgIcwwmcQQCXUINbqEMDCDzCM7zCm6e8F+/d+5i3rnj5zBH8gff5AzKpjuM=</latexit>

S2

BHs

Stars



MSMBH

N=1

N=105

z=1

confusion

Segregation -> LISA Predictions



Segregation
Strong segregation (AH)


zero flux solutions.

no constant flux (AH)


In our galaxy

~0.1 Mass transferring stars


Mass excess within S2 orbit

1500 Ms in BH          independent of #BH

3000 Ms in MS stars

Slight tension with GRAVITY observations.

Should be detected soon.


LISA will detect 103 sources SNR>8.

Mostly black holes

Independent of #BH in galactic centers.


Dominates noise for LISA.

Dominated by BHs.

Exceeds galactic binaries.

@ 3x10-4  Hz


Linial & Sari 2022



Scatterings & Gravitational Waves
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Eccentricity Distribution
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Figure 2: The probability density of the orbital eccentricity at the onset of mass transfer, for sys-

tems that circularize due to gravitational wave emission.
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Geodesic Universal Infall (GUI) Trajectory

GW driven

Free-fall

QNM

(Rom & Sari, 22)



Geodesic Universal Infall (GUI) Trajectory

GW 
Free-

QN

(Rom & Sari, 22)



𝑁 ∝ 𝜈−3/10

Test Particle Waveform vs. NR
⌫ = m/M = 0.1
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