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DAL DISRUPTION EVENSES

Stars get disrupted If they get within
the tidal radius of a SMBH

Relativistic precession affects the orbit for
close encounters

Half (for e=0) of the debris returns to the
SMBH

Observed in opt/UV, sometimes in X-rays

Luminosities up to |e48 erg/s

F CALIFORNIA
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If energy uniformly distributed in the star
then the debris return rate given by,

Moct_5/3

The return rate is not the accretion rate

(Gas would have to form the accretion
disk first or hit the SMBH directly

Predicted inrtial accretion rates can be
significantly super-Eddington
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IO ENERGETHESS

Typical mass of a disrupted star:

0.5M

Amount of debris falling on the BH:
0.25M

Accretion efficiency:

10%
Total predicted emitted energy:

10% - 0.25 - Moc? =4 -10°% erg

Observed energies:

~J 1050 — 1051 erg credit: Museum of Natural History
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BE Me T HOE

SPH + GRRMHD




SPH

The Newtonian SPH code that we use in this project is de-
scribed in detail in Rosswog et al. (2008). This code has been
used for studying the tidal disruption of white dwarf stars by
intermediate-mass black holes (Rosswog et al. 2009) and of main-
sequence stars by supermassive black holes (Gafton et al. 2015).
Within this code, the self-gravity of the star is computed using a
binary tree as in Benz et al. (1990). The gravitational forces due to
the central black hole are approximated by the exact accelerations
acting on test particles in Kerr spacetime. Hydrodynamical shocks
are captured by means of an artificial viscosity scheme based on
time-dependent parameters that ensure that it is applied only where
and when needed (Morris & Monaghan 1997). Furthermore, to sup-
press spurious forces due to artificial viscosity in pure shear flows,
we implement the switch of Balsara (1995).

+ relativistic potential of Tejeda & Rosswog

Rosswog 09
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GRRMHD

(general relativistic radiation magnetohydrodynamics)

* magnetohydrodynamics (MHD) — gas + magneto rotational instability (MRI)
* radiation transfer — cooling + pressure support

- general relativity — black hole

» global fluid dynamics code

KORAL

first GR radiation (ideal)
Mligi®Eeeac e Fclostire
(Sadowski+ 1 3,+4)

other groups: " | Sadowski+15
Ohsuga+, McKinney+, Jiang+, Fragile+
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B TS FOR SIMULATING i

Resolving BH horizon requires small time step - limited
total duration of simulation

* Finite resolution - thick debris stream

- Elliptical orbrt

+ lLarge impact parameter

+ Relatively small mass ratio
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ariE DISRUPTICHS
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EIE ONSE OF KORSE
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THE SIMULATIONS
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log p [g/cm”

. HD
2. MHD
3. (radiative?)

Common parameters:

rin = 1.807¢
Tout = 10007
224 x 128 x 96

tong =~ 10° ~ 13h
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e ACCRETICHS
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THE SELF-CROSSING

=0 =0 12 =0
116
60 60 11.2 60
108
40 40 40
4104 —
<
= = =
10 &~
20) == 2() o == 2()
496 —
(l (' 92 ('
88
-20 -20 84 ~20)
40 =20 L) 20 40 ol 40 =20 L) 20 40 ol

/el

1,

log s [cm

'
(8]



B NOZZTE

5. JuUl

500

2
‘e

M
)

o)

A

PO R N TP T




t= 12000 tg

THE OUTFLOW
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THE CIRCULARIZED DISK
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MAGNETIZATION
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THE SUMMARY

«  GRMHD simulations of a red dwarf disrupted by a SMBH in a close encounter
«  Strong relativistic precession makes the self-intersection violent
Significant amount of unbound gas released out of the plane in the inrtial phase

+ (as settles down In a quasi-disk - low angular momentum, marginally bound,
thick, turbulent torus - ZEBRA

» Hardly any accretion in the torus - turbulent stress inefficient

+  (as eaten by the BH comes inttially from angular momentum cancellation.
n the quasi-steady stage bound debris falls down on the BH along the torus edge.

 Inrtially weakly magnetized star brings B into the torus where 1t builds up
because of differential rotation

«  However, B saturates at a low level - low effective viscosity (MRI not resolved)

«  Debris very optically thick - quasi-steady state radiatively inefficient



