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Hydrodynamic Disruption
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“Scaled” Global Simulations

Lower eccentricity:

Lower mass ratio
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Crude Analytic Models
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Rapid formation of a compact disk at
Super-Eddington wind

                      at late time
                           even for low-mass stars
color temperature
soft X-ray emission
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Recent Observations (optical/UV)
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Open Questions
Source of optical emission? Missing energy?

Jet launching?
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Geodesic Motion
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Black Hole Spin
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Hydrodynamic Simulations
Adiabatic EoS

Steady-State Solution: self-similar
Initial Conditions: cold streams

simplest case
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simplest case PLUTO (Mignone+07)

Quasi-spherical wind
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Back to the BH Frame
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<latexit sha1_base64="mq6X5qtAjpPKNN3nMzOXCY19kLI="></latexit>
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0°
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06   1.7, fplg 2.6e-3, facc 9.4e-1, funb 5.6e-2

Slunging accreWing unEound

Fate of the Shocked Gas
forM⇤ = 0.5M�

<latexit sha1_base64="9oIJ62yVug9LidqybRsy3gYk8Hk="></latexit>

plunging accreting unbound

✓

<latexit sha1_base64="8jeLsaU5HZ3YOJMzffxWopI2ajA="></latexit>

�

<latexit sha1_base64="iLGRhYHephNSiIzI5z+hBh0mDvo="></latexit>

� = rT/rp = 1

<latexit sha1_base64="1bZ3+JpwxwmB9z8nbj777+FZM2E="></latexit>

4rg

<latexit sha1_base64="9KipNVnUyS0O/FZ8QwVqJ9PWnpo="></latexit>

M/106M�

<latexit sha1_base64="BhJPa3FN9RD168+xFyrRmFyhrgE="></latexit>

rI/rg

<latexit sha1_base64="U7HCJ4ZGvqCtZtqGxdqno3l49cU="></latexit>

M = 1.7⇥ 106M�

<latexit sha1_base64="f+IV6w3dMLStHAsKMbEnXD/YIAI="></latexit>



Fate of the Shocked Gas

M/106M�

<latexit sha1_base64="BhJPa3FN9RD168+xFyrRmFyhrgE="></latexit>

plunging

unbound

fmass

<latexit sha1_base64="X135SEwmZy/H8/CypTVhe3O2Gt4="></latexit>

M
as

s 
fr

ac
tio

n

accreting

smaller     , self-crossing closer to the BHrp

forM⇤ = 0.5M�

<latexit sha1_base64="9oIJ62yVug9LidqybRsy3gYk8Hk="></latexit>

� = rT/rp = 1

<latexit sha1_base64="1bZ3+JpwxwmB9z8nbj777+FZM2E="></latexit>



Fate of the Shocked Gas

M/106M�

<latexit sha1_base64="BhJPa3FN9RD168+xFyrRmFyhrgE="></latexit>

plunging

unbound

fmass

<latexit sha1_base64="X135SEwmZy/H8/CypTVhe3O2Gt4="></latexit>

accreting

Collision-Induced Outflow (CIO)
Rapid disk formation

Strong intersection

⇠ tmin

<latexit sha1_base64="2Ed3Ko7lIpWpJM86UVYtKhVDJjc="></latexit>

Weak intersection
Slow disk formation � tmin

<latexit sha1_base64="oM+7v864ogcGudf+nQCjxE7UucE="></latexit>

weak

strong

(rp . 15rg)

<latexit sha1_base64="vkxhkak8z06KhJ6gRiODWmoXZWM="></latexit>

(rp � 15rg)

<latexit sha1_base64="q59pTc8+85ZNBjP1bhVxOeS9EUE="></latexit>

M
as

s 
fr

ac
tio

n

smaller     , self-crossing closer to the BHrp

forM⇤ = 0.5M�

<latexit sha1_base64="9oIJ62yVug9LidqybRsy3gYk8Hk="></latexit>

� = rT/rp = 1

<latexit sha1_base64="1bZ3+JpwxwmB9z8nbj777+FZM2E="></latexit>

(?)



Fate of the Shocked Gas

unbound

fmass

<latexit sha1_base64="X135SEwmZy/H8/CypTVhe3O2Gt4="></latexit>

accreting

MW

M32

100

M106
M31Henize2-10

NGC5102

NGC5206

NGC3504

weak strong

M/106M�

<latexit sha1_base64="BhJPa3FN9RD168+xFyrRmFyhrgE="></latexit>

plungingM
as

s 
fr

ac
tio

n

forM⇤ = 0.5M�

<latexit sha1_base64="9oIJ62yVug9LidqybRsy3gYk8Hk="></latexit>

� = rT/rp = 1

<latexit sha1_base64="1bZ3+JpwxwmB9z8nbj777+FZM2E="></latexit>
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Outline

Background
Our New Approach
Predictions



consider               ,

Optical Emission from CIO

rph

<latexit sha1_base64="xQ7F8GsH7bvktnVpIt3Li/6eqGY="></latexit>

rtr

<latexit sha1_base64="xDzCaK0tZp3tESFL5kEbzqt9dF4="></latexit>

advection diffusion
r0 ⇠ rI

<latexit sha1_base64="51V47zy8FQyEC5ruV4KCyCt5Mao="></latexit>

rth

<latexit sha1_base64="C0UTOLUtsLaaz/jVUbZhpjWFVUM="></latexit>

⌧⇤ =
p
⌧s⌧a ⇠ 1

<latexit sha1_base64="y5J/6uc6Q+2DS68W8MTE3ngyjqQ="></latexit>

⌧s = 1

<latexit sha1_base64="bZml8sfx5gdmEOP2kYDi2qzojqQ="></latexit>

⌧s ⇠ 100

<latexit sha1_base64="5cclu2dJomUNdzOOnORXjHoKAkc="></latexit>

⌧s ⇠ c/v

<latexit sha1_base64="G7Z4IIqmQn1Pzsqe2Q4e3o0HQnc="></latexit>

see Metzger & Stone 16, Roth+16

mean free paths:�s ⌧ �a

<latexit sha1_base64="CDi0L3A3oSd2FjKIZFTkMHjoGII="></latexit>

r ! 2r

<latexit sha1_base64="mWi1KXBqxD4xpB9U9o2a2i2lxmo="></latexit>

Nsca ⇠ ⌧2s

<latexit sha1_base64="ZZaWzF+lXOwu1nIgTGjs+JCx3qM="></latexit>

total path length ⇠ ⌧2s �s ⇠ ⌧sr

<latexit sha1_base64="jpM3QgIg0RbaJoKsMrKoj/5tQW8="></latexit>

absorption probability ⌧sr/�a ⇠ ⌧s⌧a

<latexit sha1_base64="kHz3wel0uZ4WVLBqdD1NO/8Dc/Q="></latexit>

diffusion time tdi↵ ' ⌧sr/c

<latexit sha1_base64="NIYuzLyDPbTHebfopVxeCKjXfkg="></latexit>



Optical Emission from CIO

rph

<latexit sha1_base64="xQ7F8GsH7bvktnVpIt3Li/6eqGY="></latexit>

rtr

<latexit sha1_base64="xDzCaK0tZp3tESFL5kEbzqt9dF4="></latexit>

advection diffusion
r0 ⇠ rI

<latexit sha1_base64="51V47zy8FQyEC5ruV4KCyCt5Mao="></latexit>

rth

<latexit sha1_base64="C0UTOLUtsLaaz/jVUbZhpjWFVUM="></latexit>

⌧⇤ =
p
⌧s⌧a ⇠ 1

<latexit sha1_base64="y5J/6uc6Q+2DS68W8MTE3ngyjqQ="></latexit>

⌧s = 1

<latexit sha1_base64="bZml8sfx5gdmEOP2kYDi2qzojqQ="></latexit>

⌧s ⇠ 100

<latexit sha1_base64="5cclu2dJomUNdzOOnORXjHoKAkc="></latexit>

⌧s ⇠ c/v

<latexit sha1_base64="G7Z4IIqmQn1Pzsqe2Q4e3o0HQnc="></latexit>

I⌫ 6= B⌫(T )

<latexit sha1_base64="JnMBW1SXIiS/2syk97/PTN6Vu7o="></latexit>

I⌫ ⇡ B⌫(T )

<latexit sha1_base64="S3yboCXhoGA2b6rlcbdZQbCEd8o="></latexit>

see Metzger & Stone 16, Roth+16

consider               ,

mean free paths:�s ⌧ �a

<latexit sha1_base64="CDi0L3A3oSd2FjKIZFTkMHjoGII="></latexit>

r ! 2r

<latexit sha1_base64="mWi1KXBqxD4xpB9U9o2a2i2lxmo="></latexit>

Nsca ⇠ ⌧2s

<latexit sha1_base64="ZZaWzF+lXOwu1nIgTGjs+JCx3qM="></latexit>

total path length ⇠ ⌧2s �s ⇠ ⌧sr

<latexit sha1_base64="jpM3QgIg0RbaJoKsMrKoj/5tQW8="></latexit>

absorption probability ⌧sr/�a ⇠ ⌧s⌧a

<latexit sha1_base64="kHz3wel0uZ4WVLBqdD1NO/8Dc/Q="></latexit>

diffusion time tdi↵ ' ⌧sr/c

<latexit sha1_base64="NIYuzLyDPbTHebfopVxeCKjXfkg="></latexit>



Optical Emission from CIO

Example:
r0 = 1014 cm

<latexit sha1_base64="KPvfafHybTo02gCm/yMr1nEvK7M="></latexit>

L(r0) = 1044 erg s�1

<latexit sha1_base64="vyWYgcZANsb6wkI1jzNC5c+CzGs="></latexit>

v = 109 cm s�1

<latexit sha1_base64="QjEglyEaPpS4Ywj6DmOiFUfksR4="></latexit>

Cloudy opacity
+

Ṁ = 3M� yr�1

<latexit sha1_base64="J4GsDDc/EqPRkyzjuVENUC9Gv38="></latexit>

rph

<latexit sha1_base64="xQ7F8GsH7bvktnVpIt3Li/6eqGY="></latexit>

rtr

<latexit sha1_base64="xDzCaK0tZp3tESFL5kEbzqt9dF4="></latexit>

advection diffusion
r0 ⇠ rI

<latexit sha1_base64="51V47zy8FQyEC5ruV4KCyCt5Mao="></latexit>

rth

<latexit sha1_base64="C0UTOLUtsLaaz/jVUbZhpjWFVUM="></latexit>

⌧⇤ =
p
⌧s⌧a ⇠ 1

<latexit sha1_base64="y5J/6uc6Q+2DS68W8MTE3ngyjqQ="></latexit>

⌧s = 1

<latexit sha1_base64="bZml8sfx5gdmEOP2kYDi2qzojqQ="></latexit>

⌧s ⇠ 100

<latexit sha1_base64="5cclu2dJomUNdzOOnORXjHoKAkc="></latexit>

⌧s ⇠ c/v

<latexit sha1_base64="G7Z4IIqmQn1Pzsqe2Q4e3o0HQnc="></latexit>

I⌫ 6= B⌫(T )

<latexit sha1_base64="JnMBW1SXIiS/2syk97/PTN6Vu7o="></latexit>

I⌫ ⇡ B⌫(T )

<latexit sha1_base64="S3yboCXhoGA2b6rlcbdZQbCEd8o="></latexit>

see Metzger & Stone 16, Roth+16



Optical Emission from CIO

⌫/eV

<latexit sha1_base64="erEL/ciT6TNCw5z1q4oVhDayYvc="></latexit>

rtr

<latexit sha1_base64="TOlwEtPR9WtDuNHLXEx3+y8TjVM="></latexit>

rth,⌫

<latexit sha1_base64="g3LxHU9/n6GIgu/7H9zy+6pkWLE="></latexit>

⌫ �1/2

<latexit sha1_base64="z19dgVLO1eIfpZPHeJ7aExc46LY="></latexit>

Ly↵H↵

[c
m
]

<latexit sha1_base64="kUAhtVqDPnrSBCxL3v8yp2LpXlo="></latexit>

rph

<latexit sha1_base64="xQ7F8GsH7bvktnVpIt3Li/6eqGY="></latexit>

rtr

<latexit sha1_base64="xDzCaK0tZp3tESFL5kEbzqt9dF4="></latexit>

advection diffusion
r0 ⇠ rI

<latexit sha1_base64="51V47zy8FQyEC5ruV4KCyCt5Mao="></latexit>

rth

<latexit sha1_base64="C0UTOLUtsLaaz/jVUbZhpjWFVUM="></latexit>

⌧⇤ =
p
⌧s⌧a ⇠ 1

<latexit sha1_base64="y5J/6uc6Q+2DS68W8MTE3ngyjqQ="></latexit>

⌧s = 1

<latexit sha1_base64="bZml8sfx5gdmEOP2kYDi2qzojqQ="></latexit>

⌧s ⇠ 100

<latexit sha1_base64="5cclu2dJomUNdzOOnORXjHoKAkc="></latexit>

⌧s ⇠ c/v

<latexit sha1_base64="G7Z4IIqmQn1Pzsqe2Q4e3o0HQnc="></latexit>

I⌫ 6= B⌫(T )

<latexit sha1_base64="JnMBW1SXIiS/2syk97/PTN6Vu7o="></latexit>

I⌫ ⇡ B⌫(T )

<latexit sha1_base64="S3yboCXhoGA2b6rlcbdZQbCEd8o="></latexit>



⌫/eV

<latexit sha1_base64="erEL/ciT6TNCw5z1q4oVhDayYvc="></latexit>

rtr

<latexit sha1_base64="TOlwEtPR9WtDuNHLXEx3+y8TjVM="></latexit>

rth,⌫

<latexit sha1_base64="g3LxHU9/n6GIgu/7H9zy+6pkWLE="></latexit>

⌫ �1/2

<latexit sha1_base64="z19dgVLO1eIfpZPHeJ7aExc46LY="></latexit>

Ly↵H↵

[c
m
]

<latexit sha1_base64="kUAhtVqDPnrSBCxL3v8yp2LpXlo="></latexit>

↵,⌫ / ⇢⌫�2

<latexit sha1_base64="/5PCa/xxBcm2l1cgR/LHLqmR3ac="></latexit>

p
s↵,⌫⇢r ⇠ 1

<latexit sha1_base64="hK9ndJmfhGe2id9uOKSWqQdO1zs="></latexit>

Optical Emission from CIO

rph

<latexit sha1_base64="xQ7F8GsH7bvktnVpIt3Li/6eqGY="></latexit>

rtr

<latexit sha1_base64="xDzCaK0tZp3tESFL5kEbzqt9dF4="></latexit>

advection diffusion
r0 ⇠ rI

<latexit sha1_base64="51V47zy8FQyEC5ruV4KCyCt5Mao="></latexit>

rth

<latexit sha1_base64="C0UTOLUtsLaaz/jVUbZhpjWFVUM="></latexit>

⌧⇤ =
p
⌧s⌧a ⇠ 1

<latexit sha1_base64="y5J/6uc6Q+2DS68W8MTE3ngyjqQ="></latexit>

⌧s = 1

<latexit sha1_base64="bZml8sfx5gdmEOP2kYDi2qzojqQ="></latexit>

⌧s ⇠ 100

<latexit sha1_base64="5cclu2dJomUNdzOOnORXjHoKAkc="></latexit>

⌧s ⇠ c/v

<latexit sha1_base64="G7Z4IIqmQn1Pzsqe2Q4e3o0HQnc="></latexit>

I⌫ 6= B⌫(T )

<latexit sha1_base64="JnMBW1SXIiS/2syk97/PTN6Vu7o="></latexit>

I⌫ ⇡ B⌫(T )

<latexit sha1_base64="S3yboCXhoGA2b6rlcbdZQbCEd8o="></latexit>



⌫/eV

<latexit sha1_base64="erEL/ciT6TNCw5z1q4oVhDayYvc="></latexit>

⌫L⌫

<latexit sha1_base64="kVgK6BzgyoWowuuMTlJLAsdMCE8="></latexit>

ASASSN-14li

⌫3/2

<latexit sha1_base64="N9oDNpLmP8YSX5EJQapJuwDPzEU="></latexit>

⌫3

<latexit sha1_base64="+zzmYs7ICeCig+wZv/B+2cPZvrs="></latexit>

⌫
L
⌫
[e
rg

s�
1
]

<latexit sha1_base64="f+UZoJdrwKYbeVQZvpoTMLT8zSE="></latexit>

Optical Emission from CIO

rph

<latexit sha1_base64="xQ7F8GsH7bvktnVpIt3Li/6eqGY="></latexit>

rtr

<latexit sha1_base64="xDzCaK0tZp3tESFL5kEbzqt9dF4="></latexit>

advection diffusion
r0 ⇠ rI

<latexit sha1_base64="51V47zy8FQyEC5ruV4KCyCt5Mao="></latexit>

rth

<latexit sha1_base64="C0UTOLUtsLaaz/jVUbZhpjWFVUM="></latexit>

⌧⇤ =
p
⌧s⌧a ⇠ 1

<latexit sha1_base64="y5J/6uc6Q+2DS68W8MTE3ngyjqQ="></latexit>

⌧s = 1

<latexit sha1_base64="bZml8sfx5gdmEOP2kYDi2qzojqQ="></latexit>

⌧s ⇠ 100

<latexit sha1_base64="5cclu2dJomUNdzOOnORXjHoKAkc="></latexit>

⌧s ⇠ c/v

<latexit sha1_base64="G7Z4IIqmQn1Pzsqe2Q4e3o0HQnc="></latexit>

I⌫ 6= B⌫(T )

<latexit sha1_base64="JnMBW1SXIiS/2syk97/PTN6Vu7o="></latexit>

I⌫ ⇡ B⌫(T )

<latexit sha1_base64="S3yboCXhoGA2b6rlcbdZQbCEd8o="></latexit>



Radio Emission from CIO

Ek/10
52erg

<latexit sha1_base64="brP1Wz6QuyP0YlfSYtcXfdzqAMc="></latexit>

hv1i/c

<latexit sha1_base64="nL91ov2qNBv97Mzhgfjmy6tSICw="></latexit>

M/106M�

<latexit sha1_base64="BhJPa3FN9RD168+xFyrRmFyhrgE="></latexit>

forM⇤ = 0.5M�

<latexit sha1_base64="9oIJ62yVug9LidqybRsy3gYk8Hk="></latexit>

� = rT/rp = 1

<latexit sha1_base64="1bZ3+JpwxwmB9z8nbj777+FZM2E="></latexit>

log t [yr]

<latexit sha1_base64="mGYwlJehxekWDHksrf1OSKU1l1A="></latexit>

lo
g
L
⌫
[e
r
g
s
�
1
H
z
�
1
]

<latexit sha1_base64="7weeJduPD0fyh9jqwHUuXVLgRqU="></latexit>

n / r�1

<latexit sha1_base64="13EkPM6lvSk6cMEOPEZsV6rsmjo="></latexit>

for npc = 103

<latexit sha1_base64="aDes4G8avoSfKyLmYB3JF5FK7Bg="></latexit>

10 cm�3

<latexit sha1_base64="MN42QG4mT1USG7AVvqrvYJKQREg="></latexit>

or

14li

CNSS

Swift J1644

Arp299

IGR1258

Bower+13, Irwin+15, Alexander+16, Perlman+17,
Eftekhari+18, Mattila+18, Anderson+19

weak strong



Viewing Angle Effects
Early-time:
Late-time: thin disk                         at all anglesLX ⇠ 0.1Ṁc2

<latexit sha1_base64="x6puWYeD/LcgVjfu7sloBwLbIjk="></latexit>

Disk ~ Dai+18, Curd & Narayan 18

optical and near-UV
X-ray

EUV

CIO

LX/Lopt 2 (0,⇠ 1)

<latexit sha1_base64="t+Av4sFfJhRtCO8o9iKJ0My1KkI="></latexit>



Demographics

IMF Loss-cone dynamics

BH mass function
(Merloni+08)

Most do not have CIO
Eddington-limited, soft X-rays

For                                  
Most optically bright
M ⇠ (106.5, 108)M�

<latexit sha1_base64="T7cGImsVmZzC76pu6uP4AK1jA2k="></latexit>

ZTF
joint ⇠ 100%⇠ 20%

Note: eROSITA also probes
late-time disk accretion

dR
dM⇤ d� dlgM

/ M↵ dN⇤
dM⇤

dP

d�

dnBH

dlgM

<latexit sha1_base64="O7UfZpbIfHcTwmaj//3h5OGlebc="></latexit>

(see also Kochanek 16)

For                      M . 106M�

<latexit sha1_base64="6SP/zTp3RjnKcu+st3Q3wLp9YE4="></latexit>

15lh?

weak strong

lo
g
R

[G
p
c�

3
yr

�
1
d
ex

�
1
]

<latexit sha1_base64="OCoUAk5Pcsh51aMGa57GCzebECw="></latexit>

-1
0

1
2

3
4

logM

<latexit sha1_base64="TuoPxh+6It1pyzU+kpHkOKKLEx8="></latexit>

ZTF
eROSITAjoint

⇠ 20%

⇠ 80%

<latexit sha1_base64="tpVfr1oTiW5ovNSpxodPEV5Ge5U="></latexit>

⇠ 5% to⇠ 40%

<latexit sha1_base64="3hzxayksL3HvdGZf6hd4sIQ64BE="></latexit>



Summary

Source of optical emission?

X-ray diversity?

Disk formation time?

Open Qs addressed:

Future predictions:reprocessing by the CIO
optically bright for rp . 15rg

<latexit sha1_base64="BvdHFp+OEQyd8xQDEFO19ppElh4="></latexit>

viewing-angle effects give
LX

Lopt
2 (0,⇠ 1)

<latexit sha1_base64="SUzjYKw2IG94mDpz6h8kWDXkPIY="></latexit>

optically faint for rp � 15rg

<latexit sha1_base64="wpTnzhofkmVUv4zpi71MebyEDB0="></latexit>

strong intersection
weak intersection

rapid
slow

For

ForM ⇠ (106.5, 108)M�

<latexit sha1_base64="T7cGImsVmZzC76pu6uP4AK1jA2k="></latexit>

M . 106M�

<latexit sha1_base64="6SP/zTp3RjnKcu+st3Q3wLp9YE4="></latexit>

NIR spectrum L⌫ / ⌫⇠0.5

<latexit sha1_base64="2tEUCV6mPupn6JVtD5IVJ18lBY8="></latexit>

(Faint) radio emission (~ASSASN-14li)

Mostly X-ray bright (eROSITA)

Optically bright (ZTF)

(?)



Thank you!!


