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DIVERSITY OR IMPOSERS ?



A LUMINOUS X-RAY OUTBURST 
FROM AN INTERMEDIATE-MASS 

BLACK HOLE IN AN OFF-CENTRE
STAR CLUSTER 
Dacheng Lin et al. 2018

Off nuclear 
star cluster of 
mass ~107M⊙

Decade long X-ray flares, black body disk emission

6dFGS gJ215022.2-055059 



AT2018COW: WD 
DISRUPTED BY IMBH?

Perley+18;Prentice+ ‘18;Kuin+ ‘18; Rivera 
Sandoval+18 

Short duration ~ week in optical 
~  a month in X-ray

Louv~1044 erg/s; Lx~1043 erg/s
Strong He line but no CNO lines
off nucleus in galaxy Z 137-068. GC? 





A DUST-ENSHROUDED TIDAL DISRUPTION 
EVENT WITH A RESOLVED RADIO JET IN A 

GALAXY MERGER S . MATTILA+, SCIENCE 

Arp 299-B AT1, 
44.8 Mpc
NIR+radio flare

>10 years
>1.5 × 1052 erg 

optical and X-ray 
weak
offset jet



DECADE LONG FLARES
/SLOWED TDE/PARTIAL DISRUPTION?

XJ1500+0154, Lin et al. 2017 NGC 7213, Yan & Xie 2017

Motivated by partial disruption model of Guillochon+15



GSN 069: ANOTHER SLOWED TDE? 

New Swift observation confirmed the long term decline after a 
factor of 300x brighten in X-rays.

Shu et al. 2018  ApJL accepted



PS16DTM:A TIDAL DISRUPTION 
EVENT IN A NARROW-LINE SEYFERT 1 

GALAXY ?

Blanchard

Blanchard et al. 2017; 
IR echo Jiang et al. 2017

https://arxiv.org/find/astro-ph/1/au:+Blanchard_P/0/1/0/all/0/1
https://arxiv.org/find/astro-ph/1/au:+Blanchard_P/0/1/0/all/0/1


AGNS WITH MAJOR FLARES: TDE OR 
DISK INSTABILITY

Graham et al. 2017

• Time scales: inner 
region radiation 
pressure instability?
• Changing look 

AGN/turn-on (off) 
AGNs
• TDE? 



A POPULATION OF HIGHLY ENERGETIC 
TRANSIENT EVENTS IN THE CENTRES OF 

ACTIVE GALAXIES

• Eint= 2.3x1052 erg;  strong FeII emission during the flares

Kankare et al. 2017 

Kankare et al. 2017 



• Be more luminous and lasts longer than previous known TDEs and 
SLSNs, but comparable to ASASSN-15lh
• They found 5 other similar transient events, all are AGNs.

Kankare et al. 2017 



CHANGING LOOK/TURN ON(OFF) AGNS

• Gezari et al. 2017

• Sheng et al. 2017

• Assef et al. 2017

• Wu et al. 2017



ASASSN-15LH: MOST 
LUMINOUS SN OR 
TDE IN MASSIVE 

GALAXIES

Dong et al. 2015, 
Leloudas et al. 2016;

M• ~ 108.6 M☉



ASASSN-15LH

• Detection of soft X-ray: Lx ~ 1041–1042 erg s–1 during UV rebrigtening

Margutti et al. 2017

nonthermal
/themal model

Opacity change due to gas being 
ionized  --> gas become 
transparent to soft X-rays 

X-ray rebrightening is observed in 
other objects as well.

Explanation is not unique, lack of 
good spectrum cannot rule other 
possibility such as interaction of 
unbound debris with torus.



MISSED PHYSICS IN THE CLASSICAL 
MODEL



FALL BACK RATE

The fall back at the 
rising phase depends on 
the structure of the star.  

From left to right 
central concentration 
increases



PARTIAL DISRUPTION

! ≡ #$/#& < 1, Guillochon & Ramirez-Ruiz 13

fraction of stripped mass



similar values of ΔM
M∗ = M⊙; Mh = 106 M⊙

Guillochon & Ramirez-Ruiz, 13

fallback rate deviates from #$%/'
The same E from a range of stellar radius

filled region
– peak rate



BLACK HOLE SPIN DOES NOT 
AFFECT MUCH THE FALLBACK RATE

Mass fallback rates Ṁ of the debris after the first periapsis passage for the canonical 
TDEs with β = 2 (left-hand panel) and β = 6 (right-hand panel) discussed in Section 5.1. 
The solid black curve represents the Newtonian simulation; the solid red curve 
represents the disruption by a non-rotating (a* = 0) BH; the dashed (dotted) curves 
represent the trajectories of stars on prograde (retrograde) orbits around BHs with 
spin parameters 0.5 (green) and 0.99 (blue).M=106M⊙,M∗=M⊙,R∗=R⊙

Tejeda et al. 2017 MNRAS



EFFICIENCY OF CIRCULIZATION

Isothermal, Schwarzschild
precession causes orbit 
crossing and helps gas 
settling down in circ orbit 

Isothermal, Newtonian

Bonnerot et al. 2015

adiabatic , Schwarzschild
disk puffs up due to shock 
heating; 106!⨀

Streams loss kinetic energy through self crossing, then settle on a circular 
(low energy) orbits



BLACK HOLE DEPENDENCE

Circularization is much more effective for large holes because of relativistic 
effect is stronger in the late, causing instantly accretion in the latter. Accretion 
onto small holes is delayed. 

Guillochon & Ramirez-Ruiz 15 



EFFICIENCY OF CIRCULIZATION

• Relativistic effect helps the circularization of debris

• Frame dragging effect of spin hole will lead debris to 
miss crossing lowering the efficiency

• If debris cannot cool down, if forms a thick torus 
rather than a thin ring

• periapse precession is larger for more massive hole, 
causing instantaneous accretion 



SIMULATION: STREAM COLLISIONS

High mass flow rate:  2% of the initial kinetic energy is 
converted to radiation directly; more than 16% of the mass 
can become unbound;
Low mass flow rate:  radiative efficiency increases slightly to 
8%, no unbound gas being produced when the mass flow 
rate drops to 1% of Eddington

Jiang et al., 2016

http://jiangyanfei1986.wixsite.com/yanfei-homepage/research-blog/author/Jiang-et-al.,-2016,-ApJ,-830,-125


"̇ = 0.011

"̇ = 0.11

photosphere size (1014 cm) is 
directly proportional to the 
mass flow rate: temperature a 
few times 104 K



SCATTERING PHOTOSPHERE



SUPERCRITICAL ACCRETION ONTO 
BLACK HOLE

Dai+ 18

Super-Eddington accretion 
• thick disk and anisotropic 

radiation
• launching massive outflows
• Radiation efficiency is low 

and radiation luminosity is a 
few Ledd

• Jet? 



Dai+ 18



TIDAL DISRUPTION RATE

• Loss cone

!" ≤ !$%
" & ≡ 2)*

" & − Φ )* ≈ 2./01)*

• stars in loss cone are depleted within one 
orbit

• In a spherical symmetric galaxies, loss cone 
is refilled by the diffuse of stars in phase 
space via gravitational encounter.

• Most disrupted stars are within the black 
hole gravitational influence radius

)2 ≡
3456

7∗
9 ≈ 10

4<=

>?@4⨀

7

"??BC DEF

G"
HI Loss	cone	can	be	viewed	as	a	cone	

Toward		the	BH	with	half	opening	
Angle	of

b$% ≈ )$%/)
>/" ,  ) ≤ )2

≈ )$%)2/)
" >/", ) ≥ )2



TIDAL DISRUPTION RATE

NSC
Bahcall–Wolf cusp

Host



TIDAL DISRUPTION RATE

• Wang & Merritt (2004) derived for an isothermal model  

"̇
Combine with #$% − ' relation (Savorgnan, et al. 2016)

#● ≈ 3.2×10/#⨀
'

90 23 456
7.6

Tidal disruption rate is about 10-4 gal-1 yr-1 for a 10/#⨀ BH,  
and scales with black hole mass as #●-0.31.     
This gives for 10/ events in 10 Gyr, so it is important for 
growth of black hole with mass less than 10/#⨀. 



TIDAL DISRUPTION RATE

Magorrian & Tremaine 1999;Wang & Merritt 2004; Brockamp et al. 2011



TIDAL DISRUPTION RATE

• In massive non-spherical bulge,  the refilling is not 
dominated by diffusive process due to its long time scale

There is a family of Saucer-like orbits, in which angular momentum !"#$ with a 
period of %&'()

* = ,-/,)-,  ,) is the circular angular momentum
/ -- argument of periapsis

phase diagrams for orbits near MBH with the same E and Lz but different values 
of the ‘third integral’



TRIAXIAL GALAXIES

! ≈ #
$ 1 − ' , ' = *

+ ,-./0 ≈ !1#/$3 4●
4∗

the angular momentum 
of a pyramid orbit 
reaches zero at the 
corners of the 
‘pyramid’.



Predicted rates for different processes  

+draining of chaotic orbits

axisymmetric+time dependent

axisymmetric, stationary
spherical, stationary

spherical, time-dependent

Merritt 2013, Class Quant Grav



RELATIVITY EFFECT:
�����	��
��

Dai,Escala, Coppi
2013



BLACK HOLE SPIN AND TDE 

• Spin can significantly increase the tidal disruption rate for black hole 
mass >108M⦿.

TDE rate increases with SBH spin, a/M= 0,
0.5,0.9 , 0.99, and 0.999. 

WM04

Kesden’12A PRD

Fall-back rate for "• = 10'"⦿, () =
6"• and + = 0°

Newtonian
Non-Spin-
" = 0.5,0.99

Kesden’12B PRD



TDE RATE: OTHER EFFECTS

ØIn black hole binary, the rate may be boosted up to 0.1 gal-1 
yr-1 (Chen et al. ), but strong dependent on the evolution 
stages

ØBinary stars + binary black hole (������
ØMassive disturbers around the black holes: GMC, star cluster, 

spiral arm ( Hamers & Perets 17;)

ØKicked off black hole (Komossa & Merritt 2008)



BROAD EMISSION LINE REGION

unbound debris: too small solid angle Kochanek’94, Guillochon+14
bound stream/disk (Eracleous+
massive super-Eddington disk wind (Strubbe & Quataert 10;Guillochon+14; 
Liu+17)
Outflows (radiation transfer, Roth+15, Roth & Kasen 18)



zPTF

FOV: 47 square 
degree depth: single 
visit  r=20.7
a photometric 
variability catalog with 
nearly 300 
observations each 
year� for northern sky

LSST
FOV: 9.6 sq deg
Depth: 23.9, 25.0, 24.7, 24.0, 
23.3, 22.1 (ugrizy)

Future optical surveys    

WFST/Mephisto telescope 
Near simultaneous 3-band 
300 deg^2 every day

Follow-up ������	��
�

Follow-up ������	��
�
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Einstein Probe (China)
Lanch: 2018?

eROSITA

Germany/Russia
Launch 2017


